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v

Experimental life sciences have two basic foundations: concepts and tools. The Neuromethods 
series focuses on the tools and techniques unique to the investigation of the nervous system 
and excitable cells. It will not, however, shortchange the concept side of things as care has 
been taken to integrate these tools within the context of the concepts and questions under 
investigation. In this way, the series is unique in that it not only collects protocols but also 
includes theoretical background information and critiques which led to the methods and 
their development. Thus it gives the reader a better understanding of the origin of the 
techniques and their potential future development. The Neuromethods publishing program 
strikes a balance between recent and exciting developments like those concerning new ani-
mal models of disease, imaging, in vivo methods, and more established techniques, includ-
ing, for example, immunocytochemistry and electrophysiological technologies. New 
trainees in neurosciences still need a sound footing in these older methods in order to apply 
a critical approach to their results.

Under the guidance of its founders, Alan Boulton and Glen Baker, the Neuromethods 
series has been a success since its first volume published through Humana Press in 1985. 
The series continues to flourish through many changes over the years. It is now published 
under the umbrella of Springer Protocols. While methods involving brain research have 
changed a lot since the series started, the publishing environment and technology have 
changed even more radically. Neuromethods has the distinct layout and style of the Springer 
Protocols program, designed specifically for readability and ease of reference in a laboratory 
setting.

The careful application of methods is potentially the most important step in the process 
of scientific inquiry. In the past, new methodologies led the way in developing new disci-
plines in the biological and medical sciences. For example, Physiology emerged out of 
Anatomy in the nineteenth century by harnessing new methods based on the newly discov-
ered phenomenon of electricity. Nowadays, the relationships between disciplines and meth-
ods are more complex. Methods are now widely shared between disciplines and research 
areas. New developments in electronic publishing make it possible for scientists that 
encounter new methods to quickly find sources of information electronically. The design of 
individual volumes and chapters in this series takes this new access technology into account. 
Springer Protocols makes it possible to download single protocols separately. In addition, 
Springer makes its print-on-demand technology available globally. A print copy can there-
fore be acquired quickly and for a competitive price anywhere in the world.

Saskatoon, Canada Wolfgang Walz

Series Preface
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There has been a great development in biomedical research in the past few decades. This 
development has not been equally distributed among basic and clinical research. While 
there are a great number of basic research laboratories and scientists, there is a lack of its 
counterpart in the clinical research field. This contrast seems to be a bit more evident in the 
neurology field. Because of this imbalance, a number of discoveries in basic science have not 
been tested in clinical trials, thus hindering the translation of these discoveries. In addition, 
the increasingly positive efforts to use evidence-based medicine have increased the need for 
more clinical trials in neurology. Therefore, the expertise and ability to conduct high-qual-
ity trials for different conditions have become important issues to ultimately improve the 
quality of care in neurology.

This book aims to provide useful and important information to audiences in research, 
education, and clinical practice. It is intended for those involved in the medical field, in 
physical therapy, occupational therapy, nursing, public health as well as those concerned 
with health prospects and providing healthcare. Besides being an educational instrument 
for courses in clinical research and neurology, this book serves as an extensive reference for 
researchers and clinicians concerned with the development of critical thinking and innova-
tive scientific evidence.

The chapters of this book were developed from a comprehensive literature search. In 
order to review and provide a useful guide to design clinical trials in neurology, we decided 
to systematically review the most cited articles in each reviewed field in neurology using the 
consort guidelines to discuss each aspect of these trials. With this review, we believe that we 
would then discuss the most important aspects of each field. Therefore, this book is not just 
a review of this topic, but also presents novel and important data in the field of clinical 
research in neurology. We reviewed the main aspects, using this framework, for 11 conditions 
in neurology.

We selected the 100 most cited articles using the following methodology: A review of the 
literature was conducted through the search of several electronic databases using specific 
keywords (as specified in each chapter). Based on specific inclusion and exclusion criteria, 
only randomized clinical trials published between 2005 and 2015 (except for the condi-
tions where the number of clinical trials was not enough (in this case this period was 
increased)) were included. Each chapter reviews the methodology of the search, given there 
were some small differences between them.

During the writing of this book we actually learned that a good number of the most 
cited trials still have important limitations that we did not expect to find. In fact, this shows 
the real challenges of the field of clinical trials in neurology.

Hence, by gathering evidence on several neurological conditions as well as their pri-
mary challenges and future perspectives, we expect that researchers and clinicians will be 
able to address these aspects in new studies and apply this information on the pursuit of new 
knowledge. Finally, we expect that those involved with assessing evidence in clinical neurol-
ogy will also find useful reviewing the methodology of clinical trial design in neurology.

Boston, MA, USA Felipe Fregni

Preface
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Chapter 1

Introduction

Isadora Santos Ferreira, Beatriz Teixeira Costa, and Felipe Fregni

Abstract

This book chapter discusses the main methodological and regulatory aspects of clinical research, guiding 
future investigators to conduct valuable, innovative, and appropriate trials. As clinical research has the main 
goal of generating knowledge to the medical field and advancing diagnostic/therapeutic methods, under-
standing essential concepts and foundations of clinical research is essential for improving the field. 
Therefore, important topics such as study population, trial outcomes, design, statistical analysis, and ethi-
cal aspects are contemplated in this chapter. As the neurology field is the focus of this book, practical 
examples on neurological disorders are also discussed.

Key words Clinical trial, Research, Ethics, Research methodology, Neurology

1 Overview

The concept of clinical research has evolved along with the devel-
opment of new techniques and the constant need to improve the 
medical field. It intends to determine the safety and effectiveness of 
medications, devices, diagnostic instruments, and treatment regi-
mens for individuals, by complying with systematic principles and 
regulations. To this end, clinical research has reached a broader 
meaning as its impact not only extends to individual patients by 
establishing alternative therapies but also to society by improving 
health care.

The will to understand or explain clinical events, as well as to 
explore new interventions, straightened the relationship between 
scientific evidence and clinical routine. Consequently, an evidence- 
based practice has been considered the optimal approach in medi-
cal management. As this method integrates clinical experience and 
patient values with the best available research information, it 
requires new skills from researchers and clinicians, including effi-
cient literature-searching and critical thinking. By acquiring these 
skills, health professionals are able to acknowledge sources that 
contain high-quality material, apply the gathered information in 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-1-4939-7880-9_1&domain=pdf
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the process of clinical decision-making and finally generate useful 
knowledge by conducting research studies.

Evidence based medicine involves studies of different designs, 
which intend to provide answers to unsolved questions by evaluat-
ing the effectiveness and safety of therapies that are used to pre-
vent, diagnose, or treat health conditions. However, clinical trials 
(especially randomized clinical trials) are known as the benchmark 
for comparing disease interventions [1] as they correspond to the 
gold standard of research. Although conducting clinical trials may 
seem straightforward, there are several scientific, ethical, and legal 
aspects involved. The rigorous methodology often makes investi-
gators question themselves on which is the most appropriate study 
design for a specific disease, on how many groups a study should 
have, or even on which statistical test to use. Thus, it is essential for 
health care providers to understand the precepts of well-performed 
clinical trials, in order to pursue the safest and most effective thera-
pies [2].

With a view to conduct a valuable and innovative clinical trial, 
several aspects must be considered. Most of them include method-
ological aspects, such as defining the research question and the 
study design, but some other aspects involve ethics, funding and 
risks involved. In addition, before addressing each of these aspects, 
it is important to have background information and basic knowl-
edge regarding the mechanisms of the disease being investigated. 
As there is eventually a limited amount of information about a 
specific disease, it is crucial to counterbalance the risks and benefits 
for the patient before starting the trial. The risk analysis needs also 
to be followed by a financial cost-effectiveness analysis; in other 
words, what is the potential impact for society if results of a poten-
tial trial being planned are confirmed. Finally, after gathering the 
necessary resources, the clinical trial must comply with innumerous 
regulations as to obtain approval of an ethics committee. By fol-
lowing all these steps, the chances of achieving a feasible clinical 
trial highly increase, since the basic procedures and regulations are 
set in advance.

In neurology, as the mechanism of many diseases is not com-
pletely elucidated, designing a clinical trial is quite often a chal-
lenging task, given the lack of reliable markers for early development 
phases. Therefore, the investigators need to understand the specific 
challenges and methods to address them as to design and conduct 
successful trials. A final point worth to be highlighted: a successful 
trial is not the one that is positive, but the one that advances the 
field regardless being positive or negative.

In this book, we discuss the essential aspects involved in clini-
cal trials of several neurological disorders as to guide clinicians and 
researches to develop future clinical trials. It is indeed important to 
divide by disorders given the differences across them. We provide 
an overview of the most relevant clinical trials in each neurological 
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condition, describe their most common characteristics and corre-
late the findings with the basic principles of clinical research.

2 Trial Design, Site, and Phase

The study design is a methodological approach to eliminate system-
atic error (bias), minimize random error, estimate variability and 
ensure the external validity of study findings [3]. In general, as 
shown in Fig.  1, clinical research falls into two main categories: 
experimental and observational. The first one refers to investiga-
tions in which researchers manipulate the intervention, that is, they 
assign an exposure, for instance, an intervention (a drug, a behav-
ioral therapy, etc.) to a given number of participants and observe 
the resultant variation between them and others that were not 
exposed. The main purpose of this study design is to investigate 
cause–effect relationships by comparing intervention groups in a 
“controlled environment” (ideally balancing the same conditions 
and characteristics in both groups). In observational designs, on the 
other hand, the exposure is observed rather than manipulated [3]. 
This type of study is useful especially when it is not ethical to assign 
an exposure for a subject (for instance, smoking) and provides usu-
ally large sample sizes for analysis; however, the risk of confounding 
and other biases increases. There are other types of designs, less 
used, such as pragmatic trials (that holds characteristics of both 
experimental and observational studies) and adaptive designs. In 
this book, we discuss only the experimental study design in 
neurology.

2.1 Trial Design

Exposures

Experimental study

Observational study

Yes

No

Random allocation

Comparison group

Analytical 
study

Descriptive 
study

Randomized 
clinical trial

Non-
randomized 
clinical trial Cohort 

study

Case-
control 
study

Cross-
sectional 

study

Yes

No

Fig. 1 Algorithm for types of clinical research. Adapted from “The Lancet Handbook of Essential Concepts in 
Clinical Research” [4]

Introduction
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As experimental studies aim to compare two or more condi-
tions by controlling the effects of external factors, despite the exis-
tence of many alternative models, randomized clinical trials 
(RCTs) are considered the “gold standard” of experimental 
designs [4]. Although it may be costly, time consuming and 
involve several barriers such as recruitment and dropout, RCTs 
tend to be statistically efficient and are the best option to avoid 
selection bias, minimize randomness and quantify the uncertainty 
in a statistical procedure. Additionally, if properly conducted, they 
provide a higher likelihood of valid results, thus resulting in stron-
ger evidence.

Clinical trials can be classified in several types, depending on 
the number of interventions and on how they are administered. In 
the first one, also known as parallel groups design, patients are 
divided in two groups (two arm design) or more than two groups 
(three arm, four arm, and so on) as to receive a treatment or a 
combination of treatments. In parallel studies, the experimental 
group, which receives the intervention being investigated, is com-
pared to a control or placebo group. However, these studies can 
also involve standard therapies [5]. For instance, one group may 
receive a new drug plus standard therapy and the control group the 
standard drug plus placebo. This approach is commonly used for a 
given disease when there are ethical concerns involved with with-
drawing a standard drug. Also, a RCT can have an active control, 
meaning that one group receives a new drug (ND) while the other 
receives a standard drug. Finally, both groups may differ regarding 
the amount of the drug or timing of administration (e.g., Low 
dose × High dose of ND; ND initially × ND delayed; ND intermit-
tently vs. ND continuously).

Another type of design, which involves the testing of two or 
more treatments simultaneously for possible synergistic or antago-
nistic effects (combination treatments), is referred to as factorial 
design [5]. In a 2 × 2 form, subjects are allocated to one of four 
groups: A alone, B alone, both A and B, or Placebo (neither A nor 
B). This design is mainly applied to assess two independent inter-
ventions using only one sample, as to increase efficiency, or to test 
the interaction effects between both interventions. This is an effi-
cient method as it allows simultaneous tests of two or more hypoth-
eses in the same study: the effects of intervention A, the effects of 
intervention B and the effects of the interaction between A and 
B. However, this study design has a relatively small power to detect 
an interaction between groups (thus needing a large sample size). 
In addition, it assumes that efficacy of each regimen does not 
depend on the presence of the other regimen when a factorial 
design has the aim to assess each treatment separately.

In crossover designs, each patient is randomly assigned to a 
sequence of treatments, including at least two treatments of which 
one may be a standard drug or placebo. In other words, each 

Isadora Santos Ferreira et al.



5

patient receives more than one treatment over time [5]. Therefore, 
those who start receiving a new drug will change to placebo for 
the active intervention and vice-versa (or two active drugs can also 
be used). A scheme of crossover designs is presented in Fig. 2. In 
addition, it is possible to have more than two interventions in 
crossover designs. This is a powerful design as each subject is able 
to be his/her own control, thus decreasing the biological variabil-
ity. It also maximizes the number of subjects in each group, as all 
patients will receive both interventions. On the other hand, it is 
logistically more complicated to run as some factors may require 
extra attention: the carryover effect of the intervention and the 
“washout” period. The carryover effect is generally described as 
when an experimental treatment continues to affect the partici-
pant until it is time to switch treatments. This may lead to persis-
tent physiological effects of drugs, which usually take weeks to be 
washed out from the body. Additionally, the first treatment or the 
interaction between both drugs might cure or permanently change 
the course of the disease. Therefore, the “washout” period 
between treatments should be long enough as to allow the com-
plete reversibility of any treatment effect. Another potential issue 
is dropouts as dropping out due to one condition may lead to 
necessary exclusion of all the data for that subject.

Another design that is not frequently used but useful in few 
scenarios is the cluster-randomized trials. A cluster-randomized 
trial consists in randomizing a clinic, hospital, town or classroom 
to either two or more arms (instead of randomizing participants). 
This is useful when it is not possible to randomize subjects indi-
vidually (i.e., when procedures are tested—for instance, a proce-
dure in the emergency room). Accordingly, this study design 
reflects in a more complex statistical analysis.

Finally, another experimental method that has been used more 
often is the noninferiority design, which means the study is 
designed to assess whether one intervention is not noninferior to 
a standard treatment. In this case, subjects are randomized, for an 
example in a parallel design (usually); however, the question and 
the hypothesis of the study would differ. In addition, it is common 
that these studies need a large sample size given the statistical 
methods to show noninferiority (for further information, please 
read Methodology of superiority vs. equivalence trials and non- 

Fig. 2 Scheme of crossover designs
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inferiority trials [6], A clinician’s guide to the assessment and inter-
pretation of noninferiority trials for novel therapies [7], and 
Understanding noninferiority trials [8]).

Clinical trial sites correspond to where patients are enrolled as to 
test therapies, medical devices and procedures, gathering accurate 
data on a certain investigation. Hence, a clinical trial can be 
 conducted either in one site or even in two or more: single-center 
trials and multicenter trials, respectively.

Different aspects must be considered before choosing whether 
a trial is going to be single- or multicentered. As this criterion 
influences how the randomization process is conducted and may 
even have an important impact on authorship, it is fundamental 
that researchers counterbalance the pros and cons of each option. 
Single-center trials are usually conducted in hospitals, clinics, or 
laboratories and thus are less costly and logistically easier to be 
executed. In addition, a single-center study is often an essential 
starting point for the development of larger, multicenter studies as 
data collection is simplified and study population is less heteroge-
neous (diminishing possible confounders). Although there are sev-
eral advantages involved in single-center trials, there are also some 
important shortcomings, such as their potentially limited external 
validity, since the subjects may not reflect the characteristics of a 
broader population, and the recruitment process, which is fre-
quently a challenging. As a consequence, a single source of patients 
may result in an insufficient number of participants to run a feasi-
ble clinical trial [9].

Multicenter trials, on the contrary, are conducted at more than 
one hospital, clinic or medical facility, thus it corresponds to larger- 
scale studies. Phase III trials are particularly more prone to have 
this type of design as it allows a higher generalizability of the 
results, when compared to single-center trials. In this regard, this 
method increases the external validity of a study, especially if other 
centers are located in ethnically diverse geographic regions. Other 
advantages are the increased chance to achieve a larger sample size, 
thus providing sufficient power to detect smaller treatment effects, 
and the contribution of different research skills due to the diverse 
background from multiple investigators involved. Nonetheless, 
multicenter trials are considered more complex and expensive, as it 
requires more personnel and resources. Also, it is hard to ensure 
that the same procedures are followed in all the centers and that all 
centers have the same participation by playing a responsible role.

Therefore, it becomes evident that both single-center and 
multicenter trials have advantages and disadvantages. In fact, in 
some cases, it is only possible to do one or the other type of trial. 
The researcher needs then to understand whether it is feasible to 
design and run a multicenter trial.

2.2 Site

Isadora Santos Ferreira et al.
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The investigation of a new drug has well defined stages, also 
known as the phases of trials, before getting approved for clinical 
use. The preclinical stage corresponds to investigations that include 
only animals and evaluations of drug production and purity [10]. 
These studies with animal models explore the drug’s safety, its 
mechanism of action (pharmacodynamics), how it is metabolized 
(pharmacokinetics) and, if the results look promising, the drug can 
be tested in human subjects.

The next step, phase I trials, starts with the administration of a 
new drug in healthy volunteers or groups with advanced disease. 
As this step is based on extensive preclinical safety evaluations, it 
intends to further investigate different aspects on safety, pharmaco-
kinetics, and pharmacodynamics, as well as the interaction between 
subjects and the new treatment. In this interaction investigation, a 
dose escalation based on strict criteria is performed and subjects 
are closely followed up for evidence of drug toxicity. Also known as 
“human pharmacology” studies [11], phase I trials are usually per-
formed in an unblinded way (open label) on a small number of 
healthy subjects (between 20 and 300). It usually takes a few 
months to be conducted and, after data collection on side effects, 
timing, and dosage are complete, investigators are able to run a 
phase II trial. There are some variations of phase I trials according 
to the disease and drug being tested. For instance, in oncology tri-
als, because of drug toxicity, usually patients, rather than healthy 
subjects, are tested.

Phase II trials, referred to as “therapeutic exploratory,” are 
usually placebo controlled and larger than phase I trials, besides 
being conducted in a small sample size [1]. The study sample, 
however, is not composed by healthy subjects, but by those who 
have the disease of interest. Phase II trials intend to test safety, 
pharmacokinetics, and pharmacodynamics. Yet they are also usu-
ally designed to explore fundamental aspects to the planning of a 
phase III trial, such as the determination of optimal doses, admin-
istration mechanisms and preliminary evidence of drug efficacy. 
Additionally, in these trials, patients often correspond to a homog-
enous sample (in terms of response to the intervention being 
tested) and the investigator tends to look for surrogate outcomes 
as clinical endpoints usually do not provide necessary power to test 
the study hypothesis. Also, several secondary outcomes are tested 
in phase II studies. Given the relative small sample size, it can be 
performed over a period of 2 years.

Finally, a phase III trial (“therapeutic confirmatory,” “com-
parative efficacy,” or “pivotal trial”) is conducted in a larger and 
more diverse population to demonstrate drug’s efficacy or confirm 
the preliminary evidence obtained from a phase II trial. Although 
the most common type of a phase III trial is comparative efficacy 
trials, which compares the new drug to either placebo or a standard 
drug, both equivalency and noninferiority trials are also often used. 

2.3 Phase
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Additionally, phase III trials usually have clinical outcomes as the 
main endpoint and rarely test markers or other laboratorial out-
comes, as its main goal is to confirm effectiveness of the drug.

Once a drug is approved, some references may even mention 
the existence of “therapeutic use” or “post-marketing” studies, also 
known as phase IV trials. In this phase, although drug effectiveness 
in diseases and different populations may be evaluated, less com-
mon adverse events may be identified [12]. Furthermore, Phase IV 
trials include an ongoing investigation on therapeutic safety, possi-
ble drug interactions and contraindications, relationships and thera-
peutic delivery regimens, as well as risks, benefits, and optimal use 
of the drug. Therefore, the main objective of a phase IV trial is 
pharmacovigilance and postmarketing surveillance.

This model of preclinical and I–II–III–IV phase is not often 
used for medical devices investigation. Instead, clinical trials evalu-
ating the effects of devices are usually classified into pilot, feasibil-
ity, pivotal, and postmarketing studies [13]. Furthermore, medical 
devices are classified as Class I, II, and III. Class I devices are those 
which provide a low risk and require the least regulatory controls, 
Class II are related to a higher risk when compared to Class I, thus 
requiring greater regulatory control and, finally, class III devices 
are usually the higher risk devices, requiring, as a result, the highest 
level of regulatory control [14].

3 Population

After defining which drug will be the aim of the investigation, 
researchers need to identify in which individuals the drug should 
be tested, considering the availability of resources and patients, the 
place that they come from (clinics, hospitals, medical facilities, and 
so on) and the main characteristics that will influence the study.

To that end, the understanding of some basic concepts is fun-
damental when it comes to planning a trial [15]. The target popu-
lation or population of interest is the group of people to which 
researchers are interested in generalizing the conclusions. Usually, 
that is also the group that a researcher wants to draw conclusions 
or make inferences about. Accessible population, on the other 
hand, is a subset of the target population. This refers to those who 
would be available for the study. Finally, the study population or 
sample is a subset of the accessible population that corresponds to 
those who are included in the study. Please refer to Fig. 3 for a bet-
ter understanding.

The execution of a trial, especially a robust one, requires the 
selection of an appropriate study population. The investigator 
needs to choose study population according to the mechanisms of 
the intervention being tested. For instance, if an intervention does 
not work in subjects taking a certain medication, then these sub-

Isadora Santos Ferreira et al.
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jects need to be excluded. It is important therefore to know well 
the mechanisms of the intervention being tested.

Therefore, in order to choose an adequate sample, it is impor-
tant to exclude conditions that might mimic the disease under 
study and do not respond to the therapeutic intervention; address 
patients with other comorbidities who might worsen because of 
these conditions, thus confounding the clinical trials results; And 
not overchoose patients by adding several inclusion or exclusion 
criteria items which may restrict the generalizability or external 
validity of the study.

The inclusion criteria describe the main characteristics of the 
target and accessible population that will qualify someone as a par-
ticipant. To define the inclusion criteria, the investigator must 
account for different elements such as clinical findings, demo-
graphics and aspects that are important to the question being stud-
ied. The more restricted these criteria are, the more homogenous 
the population will be and, consequently, the more difficult to gen-
eralize the research findings. Exclusion criteria, on the contrary, 
correspond to the factors that would prevent an individual from 
participating in the trial, either due to safety reasons or factors that 
would generate potential confounders.

Regarding the external and internal validity of a trial, it is 
worth mentioning that they are not dependable. The first one 
refers to the extent to which the results of a study can be general-
ized to other situations and other people, and thus the observed 
results are unbiased estimates of the relationship between expo-
sure and disease in the target population [16]. The internal valid-
ity, differently, reflects the extent to which a study minimizes 
systematic error (or “bias”). Although they do not depend on 
each other, if a study is not internally valid, it is not generalizable. 
However, the inverse is not necessarily true. Also, sometimes it is 
possible to reduce external validity to increase internal validity (by 

Target 
population

Accessible 
population

Study 
population 

(sample)

Fig. 3 Representation of target, accessible, and study population
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increasing the power of the study); but as aforementioned, inter-
nal validity can never be compromised.

Hence, before choosing the study population, it is important 
to consider which population would be responsive to a given inter-
vention and can be safely tested.

4 Intervention

The intervention is one of the main aspects of a trial as it guides 
many of the other primary steps such as trial design, population, 
phase, and outcomes. Regardless if they are drugs, procedures, 
devices, or the combination of therapies, interventions have the 
intention to improve the condition of a group of individuals by 
relieving symptoms, improving quality of life or even promoting 
cure. According to the CONSORT 2010 guideline [17], research-
ers must not only describe the study interventions but also provide 
sufficient details as to allow replications. Consequently, there should 
be information regarding the type of intervention and its adminis-
tration, particularly, how and when they were administered.

In addition, ethical aspects must be considered before defining 
the intervention in both experimental and control groups. In many 
conditions, especially in neurology, it is not ethical to keep the 
patient from receiving a drug that has been already proved effi-
cient. So it is not always possible to run trials that involve only 
placebo in the control group. This concept is intimately correlated 
with the principle of equipoise, which states that there is a true 
uncertainty about which of the interventions are most likely to 
benefit the patient. A clinical trial is to follow the clinical equipoise 
in order to comply with ethical principles and ensure the patient’s 
safety [18]. Hence, if there is an existing efficient drug, it is not 
commonly possible to use placebo alone, only when combined 
with a standard drug in comparison to the new drug plus the stan-
dard one.

Furthermore, there are a few factors that aid researchers to 
define a proper intervention for a trial [19], such as knowing the 
adequate dosage and mechanisms of the experimental therapy and 
gathering information about available treatments for the disease on 
investigation, By addressing these aspects and considering the eth-
ics involved with a certain condition, the researcher is able to define 
a testable intervention as well as an adequate control. Finally, when 
the researcher does not know the optimal dosage of the interven-
tion to be tested, he/she should run smaller phase II trials (or pilot 
studies) testing and comparing different dosages.

Isadora Santos Ferreira et al.
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5 Outcomes

After defining which intervention is going to be investigated and 
the initial details of the study, it is time to specify what is going to 
be tested. Variables are characteristics or factors that can differenti-
ate individuals of a group, thus being able to vary. By definition, 
variables are characteristics that have a quantity or quality that var-
ies [19]. Research is then conducted to evaluate the relationship 
between two or more variables, in order to predict outcomes and 
to describe the role of those variables in a given scenario.

In experimental studies, such as randomized clinical trials, 
research variables are usually classified as independent and depen-
dent according to how they are used. An independent variable or 
predictor variable, as the name suggests, is a condition or charac-
teristic that will predict or influence a given outcome. Therefore, a 
clinical trial measures whether an independent variable has an effect 
on the dependent variable. On the other hand, the study outcome, 
also called as dependent variable, is a response or effect that is 
influenced by the independent variable [20]. In other words, the 
most commonly asked question is: does a variation in the indepen-
dent variable causes or influences a change in the dependent vari-
able? Sometimes a beginner investigator gets confused when there 
are different definitions for the variable names, especially in statisti-
cal packages (for instance, the dependent variable may be called as 
outcome, or response or output variable).

Besides being categorized into independent and dependent, 
variables can also be classified into one of two types: quantitative 
and qualitative. Quantitative variables, also referred to as numerical 
variables, are the ones represented by numbers. These variables can 
be further classified in discrete when the variables take on a count-
able number of values (e.g., 1, 2, 3, 4, …), and in continuous when 
the variable can assume any value in a specific range (e.g., 1.1; 1.2; 
1.3; 2; …). So, in continuous variables, it is possible to obtain frac-
tional numbers, while in discrete variables it is not. For instance, 
height corresponds to a continuous variable as an individual can 
have 163.5 cm, and number of children corresponds to a discrete 
variable, as an individual cannot have 1.5 children, only 1, 2, 3, 4, 
or more.

Qualitative variables, contrarily, are not represented by num-
bers but by categories, which might have an order or not. Nominal 
variables are the ones that do not have a natural ordering among 
categories, meaning that one category does not outrank the other 
(e.g., gender, ethnicity, or eye color). Ordinal variables, however, 
are identified when there is a hierarchical order among the cate-
gories, such as ranking scales or letter grades. For an example, 
toxicological stress can be categorized in without, mild, moder-
ate, and severe, which can be represented by 0, 1, 2, and 3. Still, 

5.1 Types 
of variables
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it is important to notice that there is an order of severity (one 
category does outrank the other). Thus, toxicological stress is an 
ordinal variable. A summary of the variables classification is illus-
trated in Fig. 4.

One additional type worth mentioning is when a variable has 
only two possible values. These variables are said to be Binary or 
Dichotomous and they can usually be phased into a “yes or no” 
question or into gender (male and female). It is also important to 
notice that, despite this classification in qualitative and quantita-
tive, a continuous variable can be transformed into categorical. For 
instance, the body mass index (BMI) is considered a continuous 
variable. However, it can be organized in categories: <18.5 = under-
weight; 18.5–25 = normal; 25–30 = Overweight and >30 = Obese. 
Researchers must identify which variables are more adequate for 
each study.

Outcomes can be classified according to their importance towards 
the unanswered questions of a study. The primary endpoint is the 
most important variable among the many dependent variables that 
are to be investigated in the study [21]. It measures the outcomes 
that will answer the primary and most important question of the 
trial. Therefore, it should be clearly defined during the study plan-
ning and protocol drafting. There are several reasons to why this 
should be a priority. Firstly, this prevents investigators from taking 
a glance at the significant results. If that was to happen, researchers 
might be tempted to present these results as the main findings of 
the trial. Secondly, the primary outcome is fundamental to the 
sample size calculation and the definition of the statistical tests, 
which should also be defined a priori.

Secondary outcomes also have an importance to the trial, but 
not as much as the primary one. For that reason, it is usually not 

5.2 Primary 
and Secondary 
Outcomes
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possible

Discrete
Fractional 

numbers are not 
possible
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Fig. 4 Summary of the variables classification
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the main focus of the trial. They include supportive or ancillary 
measures and their main purpose is to ask other relevant questions 
that are related to the independent variables [22]. In addition, 
some of the secondary outcomes can be analyzed post-hoc, after 
the study is completed. However, before the study starts, this 
aspect should also be stated in the study protocol.

The existence of a secondary outcome is not mandatory. It is 
quite the opposite. Ideally, a trial should not have too many out-
comes, as this increases the complexity of the statistical analysis, 
often demanding more time and resources. Generally, studies in 
early phases of development have more secondary outcomes as 
there is more uncertainty and need to generate further hypotheses. 
However, larger trials usually have very few secondary outcomes. 
To that end, it is important to remember that the trial must have 
enough power as to analyze the primary outcome only.

Finally, when it comes to defining the primary and secondary 
endpoints, there is intensive discussion to whether they should be 
clinical or surrogate (Biomarkers). We discuss this topic in the fol-
lowing section.

For the purpose of understanding how useful a drug really is, clini-
cal outcomes are considered the most credible measure that can be 
assessed in a clinical trial. It corresponds to characteristics or vari-
ables that reflect how a patient feels, functions, or survives, thus 
being able to indicate the effects of a therapeutic intervention. An 
adequate clinical outcome should be objective, sensitive, unbiased, 
reproducible, easy to interpret, clinically relevant, and, most impor-
tantly, chosen a priori. Outcomes such as survival, decreased pain 
or absence of disease (cure) are some examples of clinical outcomes 
as these endpoints represent direct clinical benefits.

Contrarily, surrogate outcomes, also referred to as biomarkers, 
are indirect measurements of effect in circumstances where direct 
measurements of clinical response are not possible, either due to 
feasibility or practical reasons. They correspond to characteristics 
that are measured and analyzed as an indication of a normal 
 biological process or pharmacologic responses to a chosen inter-
vention. In addition, surrogate endpoints must be reliable predic-
tors of clinical benefit, which might represent a challenge in some 
conditions [23]. On that account, it is important to remember that 
although all surrogates are biomarkers, not all biomarkers are 
proper surrogate endpoints.

Once an intervention alters the disease, the ideal biomarker 
should be the one capable of addressing those changes regardless 
of the biological level: molecular, cellular, or related to an organ 
itself. However, it is not always possible to observe and measure 
those changes caused by a certain intervention due to a lack of 
sensitivity and specificity of the biomarker. There are other useful 
biomarkers, which are not related to the clinical endpoint, but are 

5.3 Clinical Outcome 
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affected in parallel by the intervention or by the disease. For 
instance, they can be good diagnostic markers but not good mark-
ers for progress and vice versa. Indeed, the same marker may have 
different applications in different contexts.

There are innumerous advantages regarding the use of surro-
gate outcomes. Besides being often cheaper and easier to measure, 
they can also be assessed more quickly and earlier. However, the 
use of biomarkers requires a thorough understanding about the 
pathophysiology of the disease and its mechanism of action. In 
neurology, differently than cardiology, there is a lack of reliable 
biomarkers and, in many disorders, only clinical outcomes can be 
measured. This scenario may change in a few years given the inten-
sive research in this area. In this respective section, for each neuro-
logical disorder reviewed, you will be able to understand the most 
common biomarkers studied.

6 Statistical Analysis

Clinical research attempts to generate and test hypotheses in order 
to make significant conclusions from a given amount of data. 
Before the launch of statistics, the interpretation of study results 
was mainly based on researcher’s personal judgment, which led to 
the generation of unreliable results. By exclusively using clinical 
judgment and reasoning, researchers are not able to address the 
variability between individuals on investigation and are vulnerable 
to inaccurate findings. To date, statistics is applied to prevent an 
incorrect interpretation of research results and to generate reason-
able inferences from a given data set. Indeed, statistical approaches 
allow researchers to identify fairly small differences between experi-
mental groups and to potentially generalize these findings from the 
study sample to a larger population.

Descriptive statistics refers to the methods applied to arrange and 
summarize a given amount of information after data collection. 
Invariably, when dealing with quantitative data, researchers must 
organize a compilation of numbers with a view to transform it into 
useful measures [24]. Only after this step it is appropriate to con-
duct inferential statistics (in other words, using statistical tests to 
look for differences between experimental groups).

There is a wide variety of measures applied to summarize data. 
Depending on the goal of investigators, they may work with mea-
sures of central tendency and/or measures of dispersion. Central 
tendency values are applied to identify the central position of a 
given data set. In other words, they may be used if researchers 
desire to determine which value represents an entire distribution. 
The mostly used measures of central tendency in clinical trials are 
mean, mode and median. On the other hand, measures of disper-

6.1 Introduction

6.2 Descriptive 
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Isadora Santos Ferreira et al.



15

sion, also called as measures of variability, are applied to precisely 
describe the spread in an amount of data. Accordingly, dispersion 
refers to how squeezed a given distribution is. Thus, by calculat-
ing these measures, researchers aim to identify the difference that 
exists among the numbers in a data set [24].

The most used measures of variability are range, quartiles and 
standard deviation. The application of each of these measures 
directly depends on the data distribution. Therefore, to fully char-
acterize and summarize a given distribution of numbers, investiga-
tors must also describe the frequency distribution (table that 
displays the number of observations) and the shape of the distribu-
tion, along with a measure of central tendency and variability.

An important concept: the choice of these measurements will 
depend on variable characteristics. If the variable is ordinal or the 
continuous variable is not normally distributed, median and inter-
quartile range should be used. Mean and standard deviation should 
be used when the variable is continuous and normally distributed.

Differently from descriptive, inferential statistics refers to interpret-
ing data distribution and making accurate conclusions from it. 
Using descriptive statistics alone does not always provide enough 
information in clinical research as it provides information only 
regarding the sample studies and, for this reason, making infer-
ences is essential to draw powerful conclusions that can be appli-
cable to the target population. Therefore, by using deduction and 
probability approaches researchers are able to infer whether differ-
ences between groups, for instance, would be likely seen in the 
target population. Inferential statistics is based on the estimation of 
population parameters and the test of hypotheses, which will be 
discussed in the following section.

When researchers decide to conduct statistical tests to compare 
interventions, there are two possible approaches to work with, 
both of which give complementary information. The first one is 
based on a probability theory and involves the calculation of a 
p-value [19]. This value is applied to determine statistical signifi-
cance and it corresponds to the probability that a difference 
between experimental groups is caused by chance. In other words, 
investigators use p-value in clinical research as to assess whether an 
observed difference is due to a random sampling (meaning, for 
instance, choosing subjects by random chance that will be respon-
sive in one group and not responsive in the other) or to a real dif-
ference between groups. Conventionally, a p-value lower than 0.05 
refers to statistical significance.

The second approach used in statistical inference is based on 
the estimation of population parameters. Thus, researchers com-
monly use interval estimates for this purpose. These estimates rep-
resent a range of values in which a parameter of the population 
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may lie. In clinical research, the most used estimated range is 
called confidence interval, which is based on the study sample and 
must contain the population parameter of interest. This range is 
commonly reported with a degree of confidence, which works as 
a probability percentage. Thus, researchers often work with a 95% 
confidence interval for the mean estimate. It indicates, for instance, 
that if you take 100 different samples, you would expect that the 
mean estimate would fall within that interval in 95% of the cases.

Conducting a successful clinical research includes collecting data, 
analyzing the sample by running statistical tests and testing hypoth-
eses. This last step is crucial to draw conclusions about the results 
and clearly define if an adequate external validity was achieved. 
Before any clinical trial starts, researchers are required to generate 
hypotheses. The null hypothesis (Ho) states that there is no statis-
tical significant difference between experimental groups, while the 
alternative hypothesis (Ha) states that the intervention is signifi-
cantly different. Accordingly, by the end of statistical analysis, 
researchers must interpret the results and decide whether they 
should reject the null hypothesis, which would confirm that the Ha 
is correct, or not.

Furthermore, when researchers look for statistical significance 
during data analysis, they must be attentive to two possible errors. 
In the first place is the type I error, also called as alpha (α) which 
refers to the rejection of the null hypothesis when it is true and 
should not be rejected. Secondly, there is the type II error, also 
named as β, which corresponds to the failure to reject the null 
hypothesis, when it is false and should be rejected. It is expected 
that a study has a low probability of occurrence of both type I and 
II errors [19]. These are common potential errors involved in clin-
ical research and their probability of occurrence must be well 
reported in any manuscript. Usually the clinician ignores this 
potential error when reading an article.

In order to define which statistical test is the most appropriate for 
a particular study, the primary step is to classify the chosen vari-
ables, both dependent and independent. As discussed in the 
Subheading 5 of this chapter, besides the classification in depen-
dent and independent, variables can be subclassified in quantitative 
and qualitative. Among these, the most used types of variables are 
continuous, discrete, nominal, and ordinal. Additionally, regarding 
continuous variables, it is important to define whether or not they 
follow a normal distribution, which means that the collected data 
is symmetric, resembling a bell-shaped curve, and rely around the 
probability mean. If the investigator knows well the classification 
and distribution of their variables, it is not difficult to choose the 
appropriate statistical test. Then the next step is to understand 
what the results represent.

6.3.2 Hypothesis Testing

6.4 Statistical Tests
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Computer programs are commonly used to perform statistical 
tests in clinical research. These tests have different applications and 
specific assumptions. The most used statistical tests will be dis-
cussed in the following sections.

The t-test is a hypothesis test formally applied with the goal of 
comparing two means. According to the study design, research-
ers may choose to apply an unpaired or a paired t-test. An 
unpaired t-test is performed when the compared samples are 
independent [25]. On the contrary, a paired t-test is used when 
samples are matched or correlated. For instance, if study subjects 
are used as their own control or if they are matched on relevant 
variables, the data is said to be paired, and therefore a paired 
t-test must be applied.

Classified as a parametric test, the t-test requires that the out-
come variable follows a normal distribution. Other important 
assumptions required for t-test performance are the following: (1) 
the data collected must follow a continuous scale; (2) the study 
sample must be randomly selected from the population; and (3) 
the standard deviation of both samples is required to be approxi-
mately equal, which is also called as homogeneity of variance.

If some of the required assumptions are not met, there are 
alternative statistical tests to apply. For instance, research studies 
involving nonnormally distributed samples should not perform a 
t-test, but may use the Mann–Whitney U test, also called as 
Wilcoxon, which is analogous to a nonparametric t-test. Wilcoxon 
test has fewer assumptions than a standard t-test and, for this 
 reason, can be easily assigned to data analysis. Although easier to 
conduct, as most nonparametric tests, Wilcoxon test may have a 
lower power when compared to t-tests (especially if the sample is 
normally distributed), depending on the study’s sample size.

Clinical investigators often choose to develop study designs with 
multiple experimental groups. In this case, when more than two 
conditions are being compared, an analysis of variance (ANOVA) 
must be performed. In fact, ANOVA can be seen as an extension 
for t-test. As the name says, ANOVA analyzes the variance among 
observations and it is mainly applied to determine whether a dif-
ference among a set of means is statistically significant [26]. 
Depending on the study design, researchers may choose to work 
with one of two different types of analysis of variance. The one-
way ANOVA is used when a study involves only one intervention, 
but with multiple levels, such as different physical exercise move-
ments. On the other hand, two-way ANOVA is attributed to stud-
ies that involve two or more interventions, such as pharmaceutical 
drugs and physical therapy. When there are many factors and some 

6.4.1 Student’s t-Test

6.4.2 Analysis 
of Variance

Introduction



18

repeated measured, more complex ANOVA models can be used, 
but in this case, investigators need to understand how to use these 
models appropriately.

Similarly to the t-test, the analysis of variance is considered a 
parametric test, which means that a normal distribution of the 
study sample is required. Besides having extremely similar assump-
tions to that of t-test, if the assumptions for running an analysis of 
variance are not met, such as normality of sample distribution, 
there are analogous nonparametric tests to work with as well. The 
Kruskal–Wallis test is an alternative in this case as it is nonparamet-
ric and, in consequence, has fewer assumptions than the standard 
ANOVA.

In case the ANOVA is significant, the next step is to discover 
which means actually differ. To that end, pairwise comparisons are 
fundamental instruments, whether they are described a priori in 
the protocol or even after the main analysis has been completed 
(post hoc comparison). However, when repeated tests are used, 
the overall type I error increases. There are different methods to 
address this issue and consequently maintain a low overall type I 
error. One, in particular, is the Bonferroni correction [26] which 
divides the type I error by the number of comparisons made and 
provides a type I error rate for the pairwise comparison. Although 
this method is considered conservative, there are also other tests 
that could be used such as Tukey’s test and Duncan’s multiple- 
range test. Another alternative is the disclosure error method, in 
which the investigator discloses the error rate for the multiple 
comparisons (15).

When both the independent and dependent variables of a study are 
categorical, there are specific statistical approaches to be used, as 
the abovementioned tests do not apply. Accordingly, in this case, 
researchers can work with the chi-square or the Fisher’s exact test. 
For selecting one of these two tests, a few aspects of the research 
study must be taken into account. The chi-square is a simple test 
commonly performed when the study sample size is large enough 
to ensure its accuracy [19]. Another assumption for using this test 
is that the samples are independent. However, despite being easier 
to calculate by hand, this test provides an approximation of the 
p-value, which may not be ideal in certain studies.

Regarding Fisher’s exact test, there are no requirements in 
terms of sample size and, as the name says, this test does not pro-
vide an approximation but an exact p-value [19]. This advantage 
may explain why it is applied more often in clinical research. 
Although it may be more precise, it may not be possible to run this 
test in some situations, especially when the sample size is too large 
(because of computing power). In this case, it would be more 
appropriate to use the chi-square test instead.

6.4.3 Chi-Square 
and Fisher’s Exact Tests
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In statistical significance testing, instead of assessing whether there 
is a difference between experimental groups, researchers may also 
investigate the relationship between two measured variables. This 
statistical analysis is called correlation and it aims to identify the 
strength and direction of a relationship between variables, such as 
blood pressure and body mass index [27]. After conducting a 
correlation test, a coefficient is generated, which expresses if a 
correlation is positive or negative. The most common statistical 
tests used to assess linear correlation are the Pearson Product-
Moment correlation, a parametric test, and the Spearman’s Rank 
Order correlation, an analogous nonparametric test.

In order to perform Pearson correlation, researchers must 
ensure that all the following assumptions are met: (1) the observa-
tions must be normally distributed; (2) there must exist a linear 
correlation between the variables, as any other type of correlation 
will not be identified; (3) both variables must be in a continuous 
scale; and (4) outliers must not significantly influence the analysis.

The Spearman’s Rank Order determines the strength and 
direction of the monotonic relationship between two ranked vari-
ables, instead of analyzing the linear relationship between two vari-
ables like Pearson correlation [28]. In a monotonic relationship, as 
the value of one variable increases so does the other, or, as the 
value of one variable increases, the other decreases. Unlike Pearson 
correlation, there is no requirement of normality. The only assump-
tion is that the variables are ordinal, intervals, or ratios.

As mentioned in the previous section of this chapter, there are 
different statistical approaches to analyze correlation between 
study variables. Nonetheless, if researchers are planning to estimate 
a relationship between variables in a basis of prediction, they are 
most likely to choose working with a regression model [27]. There 
are various types of performing regression with statistical methods 
and each of them is usually applied for a specific purpose. For 
instance, while simple linear regression is commonly performed as 
to understand the type of relationship between one dependent and 
one independent variable; multiple linear regression is applied 
when more than one independent variable is involved. In both 
cases, the main goal is to estimate the type of correlation and 
develop predictor functions, which are based on the collected data. 
These functions mainly generate an equation that may predict 
future outcomes. Additionally, multiple linear regression is also 
applied when researchers are interested in one specific variable 
effect but need to adjust the data for other variables.

In any regression procedure, investigators must meet particu-
lar assumptions in order to perform the tests. For simple and mul-
tiple linear regression, the main assumptions include: (1) there 
must exist a linear relationship between the variables; (2) the data 

6.4.4 Correlation
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must be normality distributed; (3) all values of the independent 
variables must have the same variance (homoscedasticity) [19].

Building regression models is not an easy task and it requires 
some training (different than running a t-test). It goes beyond the 
scope of this book to explain model building; but we encourage 
investigators to learn about it if planning to run multivariate regres-
sion models. In addition, regression models are useful to adjust 
results for covariates (covariate adjustment). A commonly used 
covariate adjustment model is called ANCOVA. Also, the investi-
gator needs to note that ANOVA is actually a special type of model 
(more restrict).

Figure 5 presents the most used statistical tests in clinical 
research and summarizes their main applications.

Survival analysis is often used in clinical trials that aim to measure 
the follow up time of patients from a starting point to the occur-
rence of an event [27]. When measuring survival times, investiga-
tors are interested in measuring a specific event, such as death or 
disease remission, over a given period of time. Thus, survival analy-
sis measures time-to-event data and commonly provides meaning-
ful information to clinical practice [29]. Here the investigator has 
some options: (1) using Kaplan–Meier curve as a method of 
descriptive analysis (similar to reporting mean and SD for continu-
ous data); (2) log rank test as to compare two survival curves (simi-
lar to using a t-test for continuous data); and (3) Cox proportional 
hazard models for running multivariate analysis (similar to using 
linear regression model for continuous outcomes).

7 Sample Size Calculation

The sample size is one of the most important points to ensure the 
quality of a clinical trial. Regardless of the statistical procedure, 
sample size calculation usually takes into account some standard 
parameters, such as power of the study, significance level (α), varia-
tion measure of the primary outcome, and anticipated treatment/
exposure effect size. In other words, a high-quality RCT must have 
a specific and previously stated number of participants to test 
whether the investigated intervention is statistically significant and 
has an adequate power [19, 30].

Although this topic plays a major role in the final results and is 
one of the main aspects that should be defined in the beginning of 
the study, many authors fail to mention the procedures involving 
the sample size calculation, thus providing incomplete informa-
tion. For readers, this may represent an important issue, as the lack 
of information makes it harder, or even impossible, to define if the 
study had conducted the sample size calculation properly or if the 
authors just failed to mention their approach.

6.5 Survival Analysis
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As the most challenging task here is to estimate the expected 
effect size, there are few methods to make this estimation: (1) conduct 
a pilot study; (2) look at studies that used other interventions in the 
same disease or same intervention in other diseases (the scientific 
knowledge of the investigator will determine whether this method is 
valid); or (3) calculate the minimally clinical difference. Any of these 
methods has disadvantages that need to be considered.

Although an adequate statistical analysis may provide evidence that 
the trial is headed toward the right direction, the monitoring pro-
cess goals go beyond statistical warnings for stopping.

In general, some of the circumstances that could lead to stop-
ping a trial are poor data quality, poor adherence, lack of resources, 
severe adverse effects, fraud, and the discovery of new information 
that might question the relevance or ethics of the study. The deci-
sion usually lies in an independent data monitoring committee, 
which uses prespecified statistical stopping criteria to make a deci-
sion. Besides of safety assessment, interim analysis may look into 
efficacy data as to stop the trial for futility or for early efficacy. 
However, when the investigator decides to conduct interim analy-
sis to stop for efficacy, there is a p-value penalty [31].

The interim analysis consists in conducting a data analysis 
before data collection has been completed. If an investigator plans 

7.1 Interim Analysis 
and Stoppage Criteria

Fig. 5 Table of statistical tests according to variables classification
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on doing an interim analysis, the statistical stopping criteria should 
be prespecified in the protocol and, preferably, an independent 
statistician whom is not involved in the trial should conduct it. 
However, a lack of information is commonly noticed in the trials.

8 Randomization

The generation of a random allocation sequence, mostly called as 
randomization, is one of the essential criteria to ensure validity in 
clinical trials. In order to compare interventions with control 
groups in a research study, the study groups should be similar (or 
not different). For instance, covariates such as gender, age, and 
ethnicity, should be as similar as possible in both intervention and 
control groups. Accordingly, researchers must ensure that the 
groups being compared are equal in regard to any potential covari-
ate. If this assumption is guaranteed, any significant difference 
found by the end of the study will be exclusively due to the inter-
vention. Therefore, randomly assigning participants to study 
groups is the best strategy to ensure a fair comparison between 
them. Though, as the name says, a random process may fail espe-
cially when study sample size is small.

Randomization ends up being more than a simple generation 
of random numbers. It is a precise technique used in most clinical 
trials to specifically avoid biased comparisons [1, 32]. Hence, in 
clinical research, every enrolled participant should have an equal 
chance of being assigned to any group, which means that research-
ers must not directly or indirectly choose the allocation of subjects. 
In fact, according to what will be discussed in the Sect. 9 of this 
chapter, they should not know to which group a certain patient 
will be (or was) assigned to. When investigators have any prior 
knowledge of group assignments, this may lead to selection bias.

There are different techniques of randomization commonly 
used in clinical research. Each of these types will be discussed in 
this section.

The simplest method of randomization is based in a generation of 
a single sequence of random numbers. It is an extremely easy tech-
nique to randomly assign participants, which makes this method 
commonly used in clinical research [33]. Generating the sequence 
of random assignments is effortless, as it may be done by perform-
ing a simple coin toss or even by using accessible computer soft-
ware. The simple flip of a coin is not frequently applied as a 
randomization method, in order to avoid any manipulation of 
group assignments.

Besides its easiness and simplicity, a simple randomization may 
generate imbalanced groups in studies with small sample sizes. For 
instance, in a study with 20 subjects, this type of randomization 

8.1 Importance

8.2 Methods 
of Randomization

8.2.1 Simple 
Randomization
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may assign 13 patients to group A and seven to group B, which 
may jeopardize the comparison between both groups. In this case, 
it is recommended to use other approaches. On the other hand, in 
large sample size studies, the performance of simple randomization 
is usually appropriate, as the large number of participants may 
overcome the risk of imbalanced groups.

The randomization in blocks is done with the main goal of avoiding 
imbalance of group assignments, potentially caused by simple 
randomization. To perform this technique, researchers must 
previously determine the size of each block, which must be a 
multiple of the total number of groups [19, 32]. For instance, a 
research study comparing the effects of drug X with placebo, the 
participants may be assigned to one of the two groups. Thus, the 
block size could be any multiple of two. Commonly, the block size 
is small and there must have an equal number of participants 
assigned to each group.

Although the block randomization is often used in clinical tri-
als, this method can make the allocation of subjects predictable, 
especially when every block has the same size and number of par-
ticipants assigned to each group. For this reason, researchers may 
use the block randomization with random block sizes. For instance, 
blocks of 6 and 8 may be generated among the study. In addition, 
the block randomization does not avoid confounders within and 
between groups.

The stratified method of randomization is applied when baseline 
characteristics of subjects may potentially influence the study 
outcomes. Accordingly, this technique helps to control for 
covariates and to avoid imbalance between groups in regard to 
specific characteristics of participants. In order to perform this type 
of randomization, researchers must clearly define what covariates 
may indeed affect the clinical trial conclusions if not taken into 
consideration. After defining them, every combination of covariates 
will correspond to a block, also called as stratum [33]. For instance, 
if gender and age are important covariates to consider, male 
participants under 18 years of age could correspond to one stratum. 
Hence, the goal with this process is to assign patients with similar 
baseline characteristics to the same stratum.

At the time that study participants are assigned to specific 
strata, simple randomization is performed within each of them. As 
the simple method of randomization will not ensure balanced sam-
ple size in each group of the study, researchers commonly use the 
block randomization technique within each stratum. By the end of 
this process, it is expected to have balanced group assignments and 
covariates. However, the investigator needs to be aware that this 
method may lead to imbalances if there are too many strata to a 
relatively small sample.

8.2.2 Block 
Randomization

8.2.3 Stratified 
Randomization
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This method of randomization is intended to minimize imbalance 
between study groups in regard to sample size and covariates. As 
the name says, it is a technique that adapts over time. Thus, 
participants are allocated based on their baseline characteristics and 
previous assignments of subjects. For instance, if in a study it is 
defined that gender is an important variable and the first five male 
subjects are assigned to one of the groups, then the allocation 
probability of next male to be assigned to the other group increases. 
This method can also lead to imbalances if not well planned and it 
depends on special software.

In clinical research, concealment of group allocation refers to 
avoiding investigators, research staff and subjects to know or pre-
dict group assignments. To date, several strategies are applied to 
prevent awareness of the next allocations, in order to ensure a valid 
comparison between study groups. If the randomization scheme is 
known and not concealed, there are a few potential drawbacks. 
Firstly, researchers may, consciously or not, influence the enroll-
ment of specific participants, depending on their baseline charac-
teristics, which is called selection bias. This situation often leads to 
an overestimation of the intervention effects, which generates 
invalid results. Secondly, subjects may choose not to participate in 
the study if they discover, for instance, that the next assignment is 
to the control group.

There are different methods of concealment commonly used 
in clinical trials, which mainly include sequentially numbered enve-
lopes and telephone-based or computer-based systems. If research-
ers choose to work with envelopes, these must be opaque and 
well-sealed, as to prevent their violation by nonauthorized indi-
viduals. Due to the easiness to decipher the allocation by using 
envelopes, this is not the preferred method of clinical investigators. 
On the contrary, computer-based systems are very common in ran-
domized clinical trials, as they are usually easy to work with and 
protected from undesirable manipulations.

9 Blinding

Blinding refers to the process intended to conceal the allocation of 
participants after randomization. It consists in preventing partici-
pants, health-care providers or study assessors to be aware of sub-
ject assignments [34]. Generally, researchers undertaking clinical 
trials use blinding to prevent the measurement and performance 
bias and thus to ensure that the conclusions made by the end of the 
study are valid and reliable. Although blinding is an essential com-
ponent of clinical trials, not all of them need to or can be blinded, 
especially studies exclusively investigating safety aspects of an inter-

8.2.4 Covariate Adaptive 
Randomization

8.3 Allocation 
Concealment

9.1 Importance
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vention, such as phase I trials. The various types of blinding are 
discussed in the following section of this chapter.

The type of blinding applied in each clinical trial directly depends 
on whom needs to be blinded, in order to conduct the study suc-
cessfully. As there is a wide variety of studies being conducted, 
researchers must invariably report who in the study was indeed 
blinded. According to that, the study is said to be single-, double- 
or triple-blind [34]. For instance, if only the participant or the 
clinician is blinded to treatment allocations, the trial is said to be 
single-blind. In this type of study, the participants are the fre-
quently blinded personnel. If neither the study center clinician nor 
the participant knows the treatment assignment, the study is called 
double-blind, which is the most common type of blinding seen in 
clinical trials. However, if clinicians, participants and outcome 
assessors or statisticians are blinded, the study is considered 
triple-blind.

As previously mentioned, there are a few clinical trials are not 
blinded, which are called open label studies. Commonly, they 
correspond to pilot studies, as their goal is to exclusively assess 
safety aspects of an intervention, such as maximum tolerated dose 
and typical adverse events. The nature and design of a study 
(including the intervention characteristics) is what truly deter-
mines whether it needs blinding and, if yes, what kind of blinding 
it demands. If blinding is not possible, the investigator needs to 
be aware of how it can affect the results of the trial.

Important sources of bias may be introduced in clinical trials due 
to blinding failure. Research studies with inappropriate or no 
blinding are vulnerable to intentional or unintentional biases. 
Certainly, unsuccessful blinding may distort study results and neg-
atively affect its internal validity. There are a number of potential 
biases likely to occur given a lack of blinding, of which two will be 
subsequently discussed.

Measurement bias is likely to occur if blinding is not adequate. 
In general, this type of bias arises when an investigator consciously 
or unconsciously influences outcome measurements due to per-
sonal judgments after learning treatment allocation. For instance, 
if a researcher knows that a subject was assigned to the active treat-
ment, he/she may unintentionally be more perceptive when assess-
ing adverse events. Indeed, perception bias threatens the validity of 
a study, as the data collection is jeopardized and consequently the 
data analysis.

Additionally, performance bias is another important type of 
bias. It may occur when study participants are not blinded and 
consciously or unconsciously change their performance after real-
izing their treatment allocation. For instance, a subject who dis-

9.2 Types of Blinding
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with Lack of Blinding
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covers that he/she is in the control group may become less 
interested and underreport important positive effects.

As the maintenance of blinding is not always an easy task for inves-
tigators, there are specific strategies to assess blinding effectiveness 
in every research study. If no assessment is done and blinding has 
failed, the study is completely vulnerable to different sources of 
biases [35]. For this reason, questionnaires are usually applied to 
subjects at the end of study visits, which contains questions about 
study treatments. Thus, the participants need to give their best 
guess of which treatment they are receiving and grade how 
 confident they are about this guess. Although useful results of this 
assessment may be associated with treatment effects, it may not be 
easy to detangle these effects.

10 Conclusion

Conducting clinical trials involves considerable challenges and 
demands careful planning. With the goal of generating valid results, 
investigators must invariably follow every step of the research pro-
cess, from the development of a research question and selection of 
study design to data analysis and drawing conclusions. As these 
steps intend to ensure the relevance and feasibility of clinical trials, 
several studies, which fail to comply with all the requirements, usu-
ally present invalid results. Thus, it is crucial that researchers 
develop a critical sense as to learn how to recognize and design a 
strong clinical trial.

In the neurology field, the development of high-quality 
research studies has made significant contributions to the clinical 
practice. Innumerous conditions, those which did not have a spe-
cific treatment or neurophysiological mechanisms that were not 
completely understood, now have several advances in diagnostics 
and therapeutics. Due to the rapid advance of technology and the 
new possibilities that have emerged as a result, the role of investi-
gators and researchers in the scientific field have become even more 
demanding. Therefore, their ultimate goal is to not only explore 
the available literature but also to advance the medical field by con-
ducting innovative and strong clinical trials.
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Chapter 2

Stroke

Camila Bonin Pinto, Faddi Ghassan Saleh Velez, and Felipe Fregni

Abstract

This book chapter aims to discuss the methodology and design of the 100 most highly cited clinical trials in 
Stroke. We analyzed the main topics of stroke clinical trials aiming to provide insights and valuable informa-
tion that may improve the development of future trials. We systematically reviewed the 100 most highly cited 
clinical trials in stroke between the years 2010 and 2015 using the web engine “Web of Science.” A system-
atic analysis of the 100 most cited clinical trials in stroke based on the CONSORT criteria is discussed; in 
addition, a summary of all the topics regarding the design of a trial in stroke is provided.

Key words Stroke, Methodology, Clinical trials, Prevention trials, Therapeutic trials, CONSORT 
guidelines

1 Introduction

Stroke is a cerebrovascular event defined by a clinical, radiologi-
cal, and/or neuropathological evidence of ischemia or hemor-
rhage [1, 2]. The disruption or severe reduction of oxygen supply 
and nutrients due to diminished blood flow to the central ner-
vous system leads to cell death and permanent injury. An ischemic 
stroke is defined as an episode of neurological dysfunction caused 
by infarction of the CNS [3, 4], while a hemorrhagic stroke is 
caused by a focal collection of blood within the brain paren-
chyma, or ventricular system that is not caused by trauma, which 
leads to neurological dysfunction, manifested in clinical symp-
toms such as aphasia or hemiparesis [5–7].

The most common symptoms and signs of a stroke include sud-
den numbness or weakness of the face, arm or leg contralateral to 
the location of the lesion in the brain. Other common symptoms 
include sudden confusion, dysarthria, aphasia, gait abnormalities, 
visual disturbances, dizziness, loss of coordination or balance, and 
headache without a clear etiology [8–14]. The disabilities following 
stroke are intrinsically dependent on the affected areas of the central 
nervous system [15–18].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-1-4939-7880-9_2&domain=pdf
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Stroke is the second cause of death worldwide and the leading 
cause of death in upper-middle income countries; about 6.7 mil-
lion people died from stroke in 2012 [19]. According to the center 
for disease control and prevention, stroke is the fifth leading cause 
of death in USA and causes around 130,000 fatalities a year being 
responsible for one of every 20 deaths from all the death causes. 
Every year 795,000 Americans have stroke, about 185,000 of 
those (23.2%) are a recurrent stroke [20–23]. For the survivals 
most of the time a complete motor recovery is not possible, with 
the majority of stroke patients being unable to perform profes-
sional duties or activities of daily living by 6 months after their 
stroke [24]. In USA, stroke is the leading cause of long-term dis-
ability and stroke survivors can experience permanent physical, 
psychological, and social disabilities such as hemiplegia, aphasia, 
sensory disturbances, depression, and cognitive and memory 
impairments [25].

After the onset of a stroke, acute treatment options are limited 
and need to take place in a short period of time. Nonetheless, 
researchers and global policies are concentrating efforts in stroke 
prevention especially among high-risk populations.

This book chapter aims to address the challenges in stroke 
research as well as to point out important aspects to be considered 
while developing new clinical trials. We reviewed the 100 most 
cited articles in stroke, and discussed the characteristics of the 
design, target population, data analysis, and results of stroke clini-
cal trials.

2 Methods

In this search, we systematically reviewed the 100 most highly cited 
clinical trials in stroke from 2010 to 2015 using the Web of Science 
platform. The retrieved articles were clinical trials that had the 
MeSH term “stroke” in the title. This search retrieved 2019 articles 
that were sorted according to the number of citations. As we aimed 
to assess interventional trials, protocols and diagnosis trials were 
excluded. The CONSORT guideline topics were included in this 
analysis; most of the trials followed these guidelines. In the search 
process, we analyzed 131 articles; the principal reasons for exclu-
sion were noninterventional trials, or nonstroke trials (Fig. 1).

3 General Characteristics of Cited Articles

Overall, the included trials reported most of the topics analyzed 
since the majority of the targeted journal suggested to follow the 
CONSORT guidelines (85 trials) (Table 1) [26]. In some of the 
analyzed trials the primary and secondary outcome were not clearly 
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Fig. 1 Schematic Illustration of articles search and selection. In the first search 
we found 2019 clinical trials with the MeSH term “stroke” in the title. From these 
we screened 131 articles and excluded the observational and not stroke trials in 
order to finish with the 100 clinical trials included in this chapter

Table 1 
General characteristics of cited articles

# (Total 
N = 100)

Year 2010 40
2011 21
2012 19
2013 12
2014 5
2015 3

Phase Drugs Phase I 2
Phase I/II 1
Phase II 6
Phase II/III 4
Phase III 35

Devices and 
procedures

Exploratory-pilot 0
Exploratory-feasibility 18
Pivotal 34
Post market 0

Trial design RCT 2 parallel arms 80
3 parallel arms 7
4 or more parallel arms 4
Factorial 0
Crossover 1
Non-RCT 8

(continued)
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# (Total 
N = 100)

Sample size 0–99 39
100–499 25
500–999 12
1000–5000 10
5001 and above 14
Not applicable 0

Type of intervention Drug 45
Device 19
Procedure 29
Procedure and drug 4
Device and drug 3

Placebo controlled Yes 85
No 15

Number of citations 31–40 8
Summary of the general characteristics analyzed in this book chapter. Overall idea of the 
clinical trials included in the search

Table 1
(continued)

identified and not properly organized; furthermore, the allocation 
concealment and data analysis of the secondary outcomes were 
missing for most of the studies. In Table 1 we present a summary 
of all 100 reviewed articles the findings. The majority of the arti-
cles were published in 2010; this might be due to the search meth-
odology, since these articles had additional time to be cited than 
more recent articles. Regarding the phase, most were phase III 
trials, what is also expected once these are efficacy studies that are 
currently more relevant for the scientific and medical community. 
Additionally, the most common design was a two-arm parallel ran-
domized clinical trial comparing drug vs. placebo. Regarding the 
sample size, most of the articles had an approximate sample size up 
to 99 subjects in total. As discussed in the following sections, pre-
ventive trials tend to have larger sample sizes when compared with 
therapeutic poststroke studies. Some of these characteristics will be 
further discussed in the following subsections.

Overall, most of the trials reviewed are related with poststroke 
interventions (70) and the most common topic is ischemic 
stroke (38), corresponding to 87% of the current ischemic 
stroke incidence and are usually related to acute stroke care. 
Moreover, 31 trials included participants with either ischemic 
or hemorrhagic stroke. The third most common topic is related 
to prevention of stroke (30) in a high- risk population (Fig. 2).

3.1 Types of Study
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In this review, 66 clinical trials presented positive results while only 
23 were negative for the primary outcome; in addition for 11 stud-
ies, the primary outcomes were unclear and thus difficult to define 
as positive or negative. Furthermore, it is important to point out 
that the number of citations is higher in studies with a positive 
outcome (Fig. 3) compared with the negative studies.

Considering all included articles, only 15 clinical trials were not 
published in journals that endorse the CONSORT guidelines 
[26]. Nonetheless, all articles reviewed do not explicitly describe 
all items on the CONSORT checklist and some of the data was 
reported as “not specified/not applicable.” The impact factor 
(IF) mean of journals which follow the CONSORT criteria was 
higher (21.13) than the ones (6.03) that are not included in the 
list. Moreover, only 21 trials were published in journals with IF 
of <5, and eight of these trials were published in journals that do 
not follow the guidelines. Overall, 33 different journals had trials 
published in the 100 most cited list. The journal with higher 
number of trials was STROKE journal (IF = 5.723) with 19 trials 

3.2 Results 
of Primary Outcome

3.3 Journals 
and Impact Factor

31%
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30%

1%
Ischemic and
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Prevention of
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Hemorrhagic

Fig. 2 Percentage of therapeutic poststroke trials divided by inclusion of isch-
emic or hemorrhage stroke and prevention of stroke clinical trials
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followed by New England Journal of Medicine (NEJM) 
(IF = 55.873) with 14 trials. Although IF is a controversial way 
of measure science quality, it can be used as an indirect assess-
ments of scientific excellence.

From all the studies reviewed, the majority of them were drug tri-
als (45) and were classified in phases I, II, III, or IV according to 
FDA definition of study phases. On the other hand, procedures 
(29) and devices (29) trials were classified as exploratory, pivotal, 
or confirmatory trials.

4 Trial Design, Study Settings and Phases

In this section, the goal is to discuss relevant aspects from previous 
positive or negative stroke trials and the importance of a carefully 
conceived trial design. Some characteristics need to be considered 
before designing phase I, II and III stroke trials for new drug 
therapies or exploratory and pivotal for devices and procedures. 
Among all the 100-analyzed studies, the great majority were phase 
III for trials in which the intervention was a drug and pivotal 
phase for those trials that involved procedures or devices as the 
intervention.

The development of new therapies is a long process that requires 
the investment of significant time and resources. In most of the 
stroke trials reported, the phase was not clearly defined and was 
common to find studies that combined trial phases. The success of 
a phase III trial is highly dependent of a carefully designed phase I 
and II clinical trials. The target population needs to be appropriate 
for the tested intervention, as well as the outcome that will be mea-
sured. The phase of the study is highly correlated with the study 
settings in stroke trials, with a few exceptions. The majority of the 
studies do not explicitly disclose the study phase, and the following 
criteria (Fig. 4) were used to establish the corresponding trial phase 
during the data analysis:

3.4 Types 
of Interventions 
and Study Phases

4.1 Phases 
of Clinical Trials

Ph
as

e 
I Evaluate safety 

of the new 
therapy in a 
small group of 
subjects and 
define 
tolerability limits

Ph
as

e 
II Further evaluate 

safety and obtain 
preliminary data 
on efficacy also 
aim to define 
dosage range for 
efficacy

Ph
as

e 
III Proof of concept 

and prove 
efficacy of the 
new treatment. 
Lager sample 
size aiming to 
prove efficacy

Ph
as

e 
IV Post market 

surveillance 
trials aiming to 
identify long-
term effects and 
monitor adverse 
effects in a large 
and 
heterogeneous 
population.

Fig. 4 Criteria to define study phase of drug trials according to FDA
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In this review, there were two phase I and one phase I/II stud-
ies. These three trials tested cell transplantation (mesenchymal or 
bone marrow cells) in ischemic stroke patients; moreover two of 
them did it in acute phase and one in chronic stroke patients. All 
trials assessed safety and feasibility and there were no complications 
or adverse effects after the transplantation. In addition, all of these 
studies had a single-arm, with a nonrandomized design and were 
open label which is in agreement with the main goals of phase I 
clinical trials. It is important to point out that these phase I and 
pilot trials in stroke were not performed in healthy subjects, espe-
cially because of the intervention tested. These trials assessed the 
safety of stem cell by measuring serial cell blood counts, kidney 
function (urea, creatinine), biochemical blood analysis (i.e., elec-
trolytes) as well as a neurological examination and complementary 
neuroimaging tests such as CT scan, MRI, radiography, and EEG 
until either the development of a novel stroke recurrence, cell-
related adverse event during the procedure or during the follow-up 
period as well as death [27, 28].

We found six phase II trials in stroke. All were designed as ran-
domized clinical trials (RCT); from these studies, three had two 
arms, two had four parallel arms, and one was a single arm study. 
In addition, five trials were multicenter while only one was single 
center. Among the six phase II trials, four trials had positive results. 
The goal of these phase II trials was to assess initial efficacy of the 
intervention as to gather data for the phase III trial design.

Late phase II trials, also called phase IIb or phase II/III can 
assess efficacy further in a larger sample size but smaller than 
phase III trials. We found four phase II/II RCTs. Only one of 
these had three arms, the majority of them were parallel RCTs 
with two arms. Moreover, only one study had negative results 
showing no difference between the studied groups, and was pre-
maturely terminated.

In Phase III studies, the required sample sizes are larger and 
calculated based on the expected effects of the new intervention. 
Overall, 36 studies included in this review were phase III trials. 
Most of these are blinded, parallel, two-arm, multicenter RCT 
studies. Nonetheless one was a RCT with three groups and an 
additional one had four groups. Of these 36 trials, 12 had negative 
results and 15 had positive results while for other eight trials these 
categories were undetermined. The majority of these phase III tri-
als tested drugs for prevention of stroke in a high-risk population.

In a phase IV trial the number of subjects required is even 
larger than that in a phase III trial, and the main goal is to evaluate 
potential long-term side effects. In this review, we found no phase 
IV trials.

We found 51 trials testing devices or procedures, among those; 
we found 18 exploratory-feasibility trials and 33 pivotal 
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trials (Fig. 5). Device and procedure trials have some different char-
acteristics compared with drug trials as they tend to have a relatively 
smaller sample size, major difficulties with blinding and also more 
diverse end points and aims to demonstrate safety. Interestingly, the 
number of stroke trials that test devices have been increasing over 
the recent years. According to the Web of Science between years 
1990 and 2000, 87 trials on devices were found; by 2001–2010 
this number increased to 304 and over the last 5 years there have 
been 371 device trials in stroke population.

Similar to phase I and II drug trials, exploratory-feasibility tri-
als aim to evaluate safety and collect preliminary data regarding 
effectiveness in order to support a future pivotal/phase III trial. 
From the 18 exploratory-feasibility trials found in this search, eight 
trials tested a device as intervention while the other ten tested a 
medical procedure. Most of these studies were RCT, blinded, par-
allel, two arms, and single center studies. Of those 18 trials only 
two present negative results.

Moreover, pivotal trials’ main goal is to show effectiveness in a 
larger sample size with the main goal to change clinical practice. In 
this review we found 33 pivotal trials, among those, 11 trials tested 
devices while 19 tested procedures as intervention. Most of these 
RCTs were multicenter, parallel two arms. Only one trial had a 
cross over design. In contrast to the drug trials, all pivotal trials 
analyzed were positive for the primary outcome, and most of them 
tested a device/procedure after stroke rather than for stroke pre-
vention population.

When comparing drug vs. device or procedure phase III or piv-
otal trials; drug phase III trials had an average of 7681 subjects 
(min = 118 and max = 19,257), while devices pivotal trials had an 
average of 193 subjects (min = 48 and max = 707) and procedure 
pivotal trials had an average of 459 (min = 32 and max = 3120). 
Most of the drug trials were preventive trials (51%) while 89% of 
device trials and 93% of the procedure trials were therapeutic trials.

Most of the studies reviewed were multicenter clinical trials (76). 
Among these, 59 were phase III or pivotal studies. Two multi-
center studies included in the analysis were phase I studies. Even 
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though the number of subjects was small the nature of the inter-
vention—autologous bone marrow transplantation or autologous 
mesenchymal stem cells serum application—seems to be the reason 
why the studies were multicenter. Once this is an invasive proce-
dure and the recruitment can be difficult due to the nature of the 
procedure itself in addition to the more specific inclusion and 
exclusion criteria required for this kind of clinical studies.

Due to the acute characteristics of a stroke and the require-
ment of a fast intervention in the nearest available center, most of 
the trials in acute stroke are conducted in multiple centers, what 
helps to address recruitment challenges given the limited enroll-
ment windows. Tables 2 and 3 shows the study design of the drug 
and device trials, respectively.

5 Participants

In this section we present the inclusion and exclusion criteria for 
the reviewed stroke trials. Inclusion and exclusion criteria are 
essential to define the trial population. Population is chosen based 
on the “best chance to succeed” and also on safety. Therefore, 
participants who have lower chances of recovery such as older 
patients as well as participants with comorbidities that have high 
NIHSS scores or certain stroke subtypes are usually excluded.

Table 2 
Drug trial design, study settings and phases

Trial design N = 49

Drugs trial phases

Study settingPilot I I/II II II/III III IV

RCT 2 parallel arms 40 0 0 0 1 1 1 0 Single center
0 0 0 2 2 33 0 Multicenter

3 parallel arms 2 0 0 0 0 0 0 0 Single center
0 0 0 0 1 1 0 Multicenter

4 or more parallel arms 3 0 0 0 0 0 0 0 Single center
0 0 0 2 0 1 0 Multicenter

Factorial 0 0 0 0 0 0 0 0 Single center
0 0 0 0 0 0 0 Multicenter

Cross over 0 0 0 0 0 0 0 0 Single center
0 0 0 0 0 0 0 Multicenter

Non-RCT (Quasi-experimental) 4 0 0 1 0 0 0 0 Single center
0 2 0 1 0 0 0 Multicenter
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Regarding study population in stroke trials, there are differ-
ences between prevention trials and poststroke trials. Considering 
this, we divided this section in two subsections: “Prevention Trials” 
and “Poststroke Trials.” Most of the studies that we found for pre-
vention trials used the CHAD score as the main inclusion criteria 
and for the poststroke group the main instruments used were the 
NIHSS and mRS scales.

The prevention studies can be classified as primary (no previous 
stroke) or secondary (previous stroke). The primary prevention tri-
als aim to evaluate diverse interventions in patients who never had 
a previous stroke while the secondary trials assess a population in 
which the subject experienced at least one previous stroke or a 
transient ischemic attack (TIA). Considering all included preven-
tion trials, most of the trials reviewed were secondary, including 
participants with prior stroke, TIA or atrial fibrillation (AF), and 
one or more additional risk factors.

Stroke prevention trials usually included participants with pre-
vious stroke or TIA; moreover, research groups are interested in 
individuals with diverse risk factors such as high blood pressure, 
diabetes mellitus, carotid or other artery disease, peripheral artery 
disease, atrial fibrillation (AF), and other cardiovascular diseases.

5.1 Prevention Trials

Table 3 
Device/procedure trial design, study settings and phases

Trial design N = 51

Device and procedure trial phases

Study setting
Explorator 
y-pilot

Explorator 
y-feasibility Pivotal Postmarketing

RCT 2 parallel 
arms

40 0 8 6 0 Single center
0 3 23 0 Multicenter

3 parallel 
arms

5 0 1 2 0 Single center
0 1 1 0 Multicenter

4 or more 
parallel 
arms

1 0 0 0 0 Single center
0 1 0 0 Multicenter

Factorial 0 0 0 0 0 Single center
0 0 0 0 Multicenter

Crossover 1 0 0 1 0 Single center
0 0 0 0 Multicenter

Non RCT 
(Quasi- 
experimental)

4 0 2 0 0 Single center
0 2 0 0 Multicenter
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In this review, we found 30 preventive trials, among those, we 
found 25 trials using drugs as intervention; additionally, three 
using procedures and using two devices. Most of the trials were 
performed in nonvalvular atrial fibrillation adults who had at least 
one additional stroke risk factor (15) (Table 4).

Most of the prevention trials in this book chapter evaluated 
different anticoagulants for stroke prevention. An example of a 
prevention trial found in this review was the RE-LY trial, a multi-
center noninferiority clinical trial that randomized 18,000 partici-
pants either to high (150 mg) or low dose (75 mg) of dabigatran 
or to warfarin for stroke prevention in patients with nonvalvular 
atrial fibrillation and at least one of the following risk factors for 
stroke: previous stroke or transient ischemic attack (duration of 
neurological symptoms <24 h); left ventricular ejection fraction of 
<40%; New York Heart Association heart failure symptoms of class 
2 or greater within 6 months; at least 75 years of age; or at least 
65 years of age with diabetes mellitus, hypertension, or coronary 
artery disease [29].

Here the investigator needs to weigh the number of risk fac-
tors to be used as inclusion criteria as more risk factors increase the 
likelihood of stroke and thus increasing the power of study as 
events are more likely but on the other hand decreases the size of 
accessible population for the study.

Table 4 
Inclusion criteria for preventive stroke trials

Primary inclusion criteria N

Atrial fibrillation and at least 1 other stroke risk factor 15

Stroke, TIA, or systemic embolism, or 2 or more 4

TIA or stroke 2

Cryptogenic ischemic stroke, and had a patent foramen ovale 1

Elevated Levels of C-Reactive Protein 1

Complete occlusion of an internal carotid artery and TIA or ischemic 1

SCA and previous stroke 1

2 diabetes mellitus, nondialysis CKD 1

Carotid artery stenosis 1

Non-cardioembolic cerebral infarction 1

TIA or stroke or 2 risk factors 1

Atrial fibrillation and CHADS2 score of 2 1

Stroke
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Poststroke trials are studies aiming to reduce disability and mor-
tality after stroke. Most of these include patients based on dis-
ability scores such as the NIH stroke scale and the modified 
ranking scale (mRS).

Two main stroke characteristics are usually considered: time 
since stroke (acute, sub acute or chronic) and type of stroke (isch-
emic or hemorrhage). We found 42 trials that included participants 
in the acute phase of a stroke (<90 days); most of these trials 
included ischemic stroke patients, few hours after the event onset 
with a detailed short range of NIH stroke score. Some trials are less 
restrictive including moderate and severe stroke. For example the 
trial conducted by Saver et al. [30] included participants with 
NIHSS scores from ≥8 up to ≤30. On the other hand some trials 
were more restrict, for instance Meng et al. [31] included partici-
pants with NIHSS 0-15.

When considering rehabilitation interventions, the investigator 
needs to consider the mechanisms of the intervention that is being 
tested and if there is any variation when applied in the acute or 
chronic phase. There is extensive literature discussing neuroplastic 
changes over time in stroke and the investigator is encouraged to 
take it into account [32–34]. Additionally, most of the rehabilita-
tion trials chose to select patients in the acute stroke phase.

An important aspect to consider is the population enrollment 
potential. Kasner et al. performed a survey aiming to evaluate the 
decision making capacity of stroke patients or primary decision 
makers, showing that only 57% (95% confidence interval: 50–64%) 
of the eligible patients that answered the survey stated that they 
would participate in the proposed trial. Moreover, they showed 
that patients were more prone to participate than the proxy 
decision- maker group. This is an important aspect to be consid-
ered while designing an acute stroke trial, since the recruitment 
yield can be slow, jeopardizing overall enrollment.

From the 67 poststroke trials, only three studies included 
patients in acute and chronic phase, as shown in Table 5. Among 

5.2 Poststroke Trials

Table 5 
Time since stroke onset versus type of stroke

Total Ischemic
Ischemic  
and hemorrhagic Hemorrhage

Acute stroke 42 31 10 1

Acute and chronic 3 1 2

Chronic stroke 15 4 12

Subacute 7 2 5
Acute <90 days
Subacute >90 days < 6 months
Chronic >6 months
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these, two trials tested devices for stroke motor rehabilitation and 
one more evaluated the effects of botulinum toxin type A in spas-
ticity. Moreover 15 trials were performed in chronic stroke popula-
tion, all of them testing different types of rehabilitations techniques 
such as noninvasive brain stimulation, robotic-assisted therapies, 
botulinum toxin type A, and others. In these trials the main inclu-
sion criteria was based on the participant’s motor deficits (i.e., 
hemiparesis or spasticity). Likewise, seven trials include a sub acute 
stroke population and aimed to evaluate motor rehabilitation after 
stroke.

An additional important consideration is stroke localization. 
Only 16 (two of them NIBS) trials considered this criteria. Stroke 
localization may not be important for pharmacological therapies 
given in poststroke recovery; however, it may play an important 
role in targeted therapies where a lesion localization makes a differ-
ence such as in brain stimulation trials or studies with endovascular 
interventions [35–39].

6 Trial Duration and Follow-Ups

In this section, the importance of determining the proper duration 
for each type of intervention and the most appropriate time length 
for a follow-up and corresponding amount of follow-up visits are 
discussed.

As expected, the duration of intervention in stroke trials is a 
particular characteristic that requires to be previously analyzed due 
to the wide variety of interventions. There were a good number of 
single session procedures such as stent collocation, closure of pat-
ent foramen ovale as well as the application through an IV line of a 
thrombolytic agent or even long-term use of anticoagulants to pre-
vent stroke in a high-risk population (Table 6).

Table 6 
Trial duration for types of strokes

Procedure 
duration <1 month 1–3 months

>3 months– 
1 year >1 year

Prevention 0 0 2 11 17

Poststroke

  Hemorrhagic 0 0 1 0 0

  Ischemic 0 4 21 10 3

  Ischemic and 
hemorrhagic

1 9 13 7 1
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In the case of prevention trials we found interventions without a 
predetermined time length because in such cases the outcome was 
time to event and thus subjects were followed for as long as possi-
ble (until they developed the event or trial was terminated) (right 
censoring). We considered the mean number of follow ups in these 
cases as the length of the trial.

As an example the ARISTOTLE study [40], a randomized, 
double- blind clinical trial compared the noninferiority of apixaban 
(at a dose of 5 mg twice daily) with warfarin (target international 
normalized ratio, 2.0–3.0) in 18,201 patients with AF and at least 
one additional risk factor for stroke. The enrollment started in 2006 
and ended up in 2012, the median of follow-up was 1.8 years; addi-
tionally based on the study protocol the final duration of the trial 
was determined by the time required to acquire at least 448 primary 
efficacy events. The results showed that apixaban was superior to 
warfarin regarding stroke events or systemic embolism (annual inci-
dence 1.27% vs. 1.60%). Moreover, apixaban was also associated 
with less major bleeding (annual incidence 2.13% vs. 3.09%) [40].

Overall the duration of the prevention trials was longer when 
compared with poststroke studies and most of them lasted for 
more than 1 year. The mean duration of preventive trials was two 
and a half years, being even frequent to follow patients up to 
5 years for some studies [41, 42].

In therapeutic poststroke trials the duration was heterogeneous 
varying from 1 day to more than 1 year. Besides that, most of the 
trials lasted about 3–12 months. As discussed in the previous sec-
tion, most of the poststroke trials were performed in acute stroke 
participants and usually the last follow-up visit occurred after 
90 days (22 from 42 acute stroke trials). Same pattern was observed 
in trials that enrolled chronic stroke participants (seven from 15 
chronic stroke trials). Therefore, most trials in this phase that eval-
uated recovery outcomes only assessed patients for a relatively 
short duration. This is important to point out since most of these 
trials aimed to treat in some extent motor/sensory/cognitive 
impairments utilizing rehabilitation techniques.

7 Intervention: Drug/Device/Procedure

Here we reviewed the most common interventions used in stroke 
trials, the objective is to give an overall idea and describing the rela-
tionship between the study type, time since event and the chosen 
intervention. Most of the stroke trials use drugs as intervention, 
especially for treatment after an ischemic stroke (16 trials) or for 
stroke prevention (23 trials) (Table 7). Alternatively, studies includ-
ing ischemic and hemorrhagic stroke population utilized proce-
dures as intervention in the great majority of the trials analyzed.

6.1 Prevention Trials

6.2 Poststroke Trials
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Prevention trials aimed to evaluate the effects of an intervention in 
order to decrease the probability of a stroke event for the first time 
or in some cases a recurrent stroke event. As discussed before most 
of the studies utilized pharmacological therapy such as oral antico-
agulants specially to reduce the probability of a thromboembolic 
event in subjects with AF (57%); furthermore, some studies evalu-
ated antiplatelet therapies as the intervention. In addition to anti-
coagulant/antiaggregant therapies, we also found interventions in 
which the desired target of the intervention was to decrease blood 
pressure levels and in fact decrease the risk of a hemorrhagic stroke; 
in order to asses this, the research groups tested diverse antihyper-
tensive groups of medications such as b-blockers (i.e., Pindolol), 
calcium channels blockers (i.e., Amlodipine) and angiotensin con-
verting enzyme inhibitors (i.e., Perindopril) (Table 8). In particu-
lar we found interesting the study “the Switch trial” which in fact 
is the only study that included children and adolescents (5–18 years 
of age) with diagnosis of sickle cell anemia disease and the research 
group applied as intervention the drug hydroxyurea in conjunction 
with phlebotomy [43].

7.1 Prevention Trials

Table 7 
Types of interventions in therapeutic poststroke trials and in prevention trials

Total Ischemic Ischemic and hemorrhagic Hemorrhagic Prevention

Device 19 9 8 0 2

Device and Drug 3 0 0 0 3

Drug 45 16 5 1 23

Procedure 29 9 18 0 2

Procedure and Drug 4 4 0 0 0

Table 8 
Most common interventions in prevention stroke trials

Intervention N %

Oral anticoagulant 17 57%

Antiplatelet therapy alone or combined 3 10%

Closure alone or combined 3 10%

Others 3 10%

Surgical 2 7%

β-blockers and calcium-channel blockers, 
angiotensin inhibitor

1 3%

Statins 1 3%
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Finally, the last pharmacological treatment encountered in our 
search was the application of statins to decrease the risk of vascular 
events that can cause ischemic stroke. Besides pharmacological 
therapy, three clinical trials implemented surgical procedures such 
as carotid endarterectomy or arterial anastomosis to prevent isch-
emic stroke; moreover, we found three clinical trials that investi-
gated the effects of closure of the left atrial appendage in order to 
decrease the risk of novel stroke events.

Due to the increased number of ischemic strokes encountered 
in subjects with cardiac arrhythmias, the topic of anticoagulation 
therapy is highly relevant during the development of stroke trials 
and also due to the wide variety of pharmacological agents avail-
able in the market (Table 9). Please refer to Fig. 6 to check the 
percentage of trials using specific types of anticoagulants.

An investigator in this area needs then to consider therefore this 
landscape of prevention trials before embarking in designing one. 
Currently, there are several drugs and procedures approved for 
stroke prevention; indicating that novel trials would certainly need 
to consider the comparison with standard treatment (such as the tri-
als of comparing rivaroxaban vs. warfarin; mobilization protocol 
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6%

18%
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35%

Apixaban vs Aspirin

 AZD0837

Edoxaban vs Warfarin

Ximelagatran vs Warfarin

Apixaban vs Warfarin

Rivaroxaban vs Warfarim

Dabigatran vs Warfarim

Fig. 6 Percentage of trials using specific types of anticoagulants

Table 9 
American Heart Association Guidelines for anticoagulants evidence

Drug Class Level Dosing Target

Warfarin I A INR 2–3 Vitamin 
K-dependent 
factors

Dabigatran I B Twice a day Thrombin

Rivaroxaban I B Once a day Factor Xa

Apixaban I B Twice a day Factor Xa
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(VEM) VS. standard stroke unit care (SC); alternative treatment 
(hydroxyurea/phlebotomy) to standard treatment (transfusions/
chelation) for reduction of secondary stroke and improved manage-
ment of iron overload or mechanical embolectomy (Merci Retriever 
or Penumbra System) VS. standard care among others) [41, 43–45]. 
Given the amount of time and large sample size required for preven-
tion trials (especially considering the small effect sizes between active 
treatments), the cost benefit of trials such as these ones is very low. 
Trials such as this should try to find better outcomes and also have 
optimized plans of interim analysis and also the investigator needs to 
have clear evidence that new intervention is better or safer than cur-
rent standard treatments.

In poststroke trials, the intervention can be directed for (1) the acute 
care of patients aiming to control and prevent medical and neuro-
logical complications due to the event, especially to revert the neu-
rological effects of the stroke and in some cases avoid a new event or 
the hemorrhagic transformation and (2) for poststroke deficits, as an 
example motor rehabilitation, treatment for spasticity or aphasia.

In acute care, intravenous t-PA is the only current available 
approved pharmacological therapy that target reperfusion of brain 
parenchyma in acute ischemic stroke. For acute stroke trials (42 
trials) most of the studies tested anti thrombolytic agents (13), 
among these, we found six pharmacological agents (rtPA or 
tenecteplase) and seven with nonpharmacological thrombolytic 
therapies (stents or combinations). Among the most highly cited 
studies, we encountered the IMS III trial [46] that compares 
IV-rtPA alone versus rtPA combined with endovascular therapy in 
acute ischemic stroke patients. This study had 481 citations and 
was published in a high impact journal, the New England Journal 
of Medicine. It was a randomized, phase III open label clinical trial 
and did not show any significant differences between the rtPA 
alone and the combined therapy; additionally, the study was 
stopped early due futility in the interim analysis. One of the pri-
marily critics of this trial was the use of older recanalization devices, 
that could potentially influence the lack of results once the recana-
lization rates were lower than the ones reported by other trials 
using newer devices [46]. Most of the trials including hemorrhagic 
stroke patients aimed to improve poststroke rehabilitation; more-
over, only two studies included hemorrhagic patients into the acute 
phase, one of them tested the angiotensin receptor blocker effects 
in order to decrease blood pressure (in ischemic and hemorrhagic 
participants) and the additional one tested pro coagulant therapy 
after a hemorrhagic stroke (Table 10).

Most of the trials in post stroke population focus on improving 
recovery and reducing poststroke disabilities. As an estimate of dis-
ability, in 2010 ischemic stroke was the cause of the loss of 

7.2 Ischemic 
and Hemorrhagic 
Stroke Trials

7.3 Acute Stroke 
Care

7.4 Rehabilitation 
Trials
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39.4 million disability adjusted life years (DALYs) and hemor-
rhagic stroke lead to the loss of 62.8 million DALYs in low-income 
and middle- income countries [19]. Among these patients up to 
50% are not able to achieve a level of recovery adequately enough 
to perform professional duties or activities of daily living [24]. 
Motor recovery is directly correlated to the achievement of inde-
pendence in such activities and thus, is one of the main objectives 
in rehabilitation. Therefore, 47% of the poststroke trials aimed to 
evaluate techniques that may improve overall rehabilitation, with 
great emphasis in motor recovery as well as speech rehabilitation. 
Of these, 15 clinical trials looked at the effect of several poststroke 
rehabilitation techniques such as motor imagery, robot-assisted 
therapy, video game therapy, and walking protocols on a treadmill. 
Other common rehabilitation therapy tested was noninvasive brain 
stimulation techniques such as TMS (7) and tDCS (5). As an 
example, in 2014, low frequency rTMS of the contralesional motor 
cortex was recommended as Level B (probable efficacy) for stroke 
rehabilitation in an evidence-based guideline performed by 
Lefaucheur and collaborators [47].

8 Outcomes

One of the most important aspects while developing a clinical trial 
protocol is to have a clear definition of the research question and a 
definition of the expected outcomes. For this section we also divide 

Table 10 
Most common interventions in poststroke trials

Intervention N Stroke onset

Rehabilitation therapy 15 Acute, chronic, and subacute

NIBS 12 Acute, chronic, and subacute

Others 14 Acute, chronic, and subacute

Pharmacological thrombolytic 6 Acute

Stent retriever 5 Acute

Cell transplantations 4 Acute

Antiplatelet therapy 3 Acute

Botox 3 Acute, chronic, and subacute

Antihypertensive 2 Acute

SSRI 2 Acute

Stent retriever + pharmacological 
thrombolytic

2 Acute
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the outcomes in clinical, functional, or/and surrogate outcomes. 
Most of the clinical trials, as shown in Fig. 7, used a clinical out-
come that focuses on assessment of how the participants feel and 
behave. Some of the trials preferred to use functional outcomes 
that measure changes in certain activities of daily life such as walk-
ing speed. Moreover, few clinical trials in stroke applied surrogate 
outcomes to indirectly evaluate the improvement of the partici-
pant’s clinical status as the primary outcome.

In this section, we describe and discuss the most common end-
points for stroke trials. In order to guide and organize this discus-
sion we divided the trials in prevention and after stroke trials.

Most of the prevention trials have as an end-point the occurrence 
of a new stroke and stroke-related mortality. These trials aim to 
obtain information in order to define new stroke occurrence and 
 stroke- related mortality in a population with specific risk factors. 
These types of prevention trials have longer duration and higher 
overall costs. Besides this, the sample size also tends to be larger. 
Most of the prevention trials (30 trials) evaluated time to event 
considering a stroke, TIA or systemic embolism and/or death as 
the primary outcome (Table 11). As discussed before this preven-
tion trials aims to decrease events rates using usually anticoagulant 
therapies. In this context, a clear definition to define the event is 
important, if the endpoint will be nonfatal stroke, fatal stroke, 
TIA, or a combination. For example, the authors are required to 
describe the following: (1) how the event was defined and con-
firmed; (2) if all the study centers used the same strategy; (3) if it 
was necessary to have an imaging confirmation; or (4) if the diag-
noses were based in initial focal or global neurological physical 
exams. Besides that, how the classification of stroke types (i.e., 
hemorrhagic, thromboembolic, or other) was performed (by site/
local physicians) and if there was a trial committee responsible to 
reevaluate and confirm the end points.

8.1 Prevention Trials
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Only two prevention trials had as a primary aim to evaluate the 
safety and adverse effects of a medication. The first one evaluated 
safety of endoxaban compared with warfarin to prevent stroke (ref 
put again 39). The primary outcome measures were related to safety 
and included bleeding and abnormalities in hepatic function and 
showed that the rate of bleeding was similar for both drugs [48]. 
The second one evaluated safety of the oral direct thrombin inhibi-
tor AZD0837 in the prevention of stroke and systemic embolism in 
patients with atrial fibrillation [49] and showed an overall tolerability 
profile of immediate-release of the AZD0837.

On the other side, ischemic and hemorrhagic stroke trials used 
poststroke recovery as the outcome measure rather than mortality 
or stroke event. Therefore, common single measurement tools such 
as the modified Rankin scale (mRS) and rehabilitation scales (i.e., 
for aphasia, walking distance) are applied. There is no consensus on 
the ideal outcome or on the amount of difference required in order 
to provide clinical significance. For this reason is clear that no single 
outcome will be able to measure the wide variety of aspects involved 
in stroke recovery. Therefore, is very common that these trials uti-
lize more than one scale to measure stroke rehabilitation; conse-
quently, some trials have multiple primary outcomes or measure the 
same aspect of recovery with different scales. Nevertheless, most of 
the trials focus in a single aspect of stroke rehabilitation and just a 
few studies have a more generalized approach trying to measure 
overall stroke rehabilitation. Consequently, a subject could partici-
pate in a clinical trial and improve its motor abilities obtaining a 
high score on a motor scale, but remain with severe aphasia, as 
indicated by the NIHSS score or a specific aphasia scale. The main 
objective of the trial based on the mechanisms of the drug or inter-
vention need to be carefully considered when choosing this out-
come. There are detailed articles discussing the differences of the 
outcome measures of neurological deficits in stroke [50].

8.2 Poststroke Trials

Table 11 
Most common outcomes for prevention and therapeutic poststroke trials

Stroke/TIA and/or 
systemic 
embolism and/or 
death

Safety/
adverse 
effects mRS FMMS Rehabilitation

Imaging 
studies Others

Prevention 24 2 0 0 0 0 4

Poststroke

  Hemorrhagic 0 0 1 0 0 0 0

  Ischemic 3 6 10 3 1 5 10

  Ischemic and 
hemorrhagic

3 1 0 4 15 0 6
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From the 42 trials in ischemic stroke, ten used modified rank-
ing scale as a primary outcome and most of these studies addition-
ally analyzed NIHSS as secondary outcome and were pivotal or 
phase 3 trials. Moreover, for trials including ischemic and hemor-
rhagic stroke the most frequent primary outcomes were different 
scales to measure rehabilitation, such as aphasia scales, spasticity 
scales, and other motor scales (i.e., Jebsen–Taylor Hand Function).

9 Sample Size

Sample size calculation is an important issue to ensure trial validity. 
In order to apply sample size calculation methods in clinical trials 
with stroke participants is necessary to consider the wide variety of 
possible outcomes as well as of the usual parameters required to 
develop an estimate of sample size.

Most of the studies (64 studies) reviewed reported some param-
eters used to perform the sample size calculation, 41 trials (64%) out 
of the 64 reported in some detail aspects of the methods used to 
support the sample size calculations (Table 12). Prevention trials 
reported 80% (24 trials) of the times some method/parameters for 
the sample size calculation while therapeutic poststroke trials 
reported just 59% (41 trials) of the times. Moreover, most of the 
stroke trials based their calculations on results of previous trials (32).

As expected, prevention trials tend to have larger sample size 
when compared with the poststroke trial group. Some studies used 
a one-tailed test (8) instead of a two tailed test (20). If the 

Table 12 
Sample size calculation

Number of trials 
total

One-tailed 
test

Two-tailed 
test

Not 
reported

Alpha 0.5 14 0 10 4
0.025 7 4 0 3

Power 80% 13 1 7 5
90% 10 2 2 6
95% 3 1 1 1
Others 4 0 0 4

Total 51 8 20 23

Method

Previous study 32
Pilot data 4
Detect minimally clinical 

differences
2

Others 4
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 investigator decides to use a one-tail test this needs to be very well 
justified. When an investigator chooses for a one-tail test, it does 
mean that the result in the unexpected result cannot be consid-
ered; therefore this cost of disregarding a result in the opposite 
direction (for instance the new drug is worse than placebo) needs 
to be well justified and also it is always risky that reviewers may 
question and ask for additional evidence that this choice of one-
tailed test was done a priori.

In this review, eight trials reported the use of a one tailed test 
and 20 a two tailed test. Regarding power and alpha level (chance 
of calling an ineffective treatment effective) 0.05 it is most com-
monly used by the reviewed trials. In fact 14 studies reported alpha 
level of 0.05, however if multiple groups are being compared, the 
alpha level may be set to a smaller value, an example of that was 
found in our search in which seven studies used 0.025 alpha level. 
Additionally, most of the trials (13) used 80% (i.e., a 20% chance of 
missing the hypothesized treatment effect) of power.

Most trials based the expected difference on previous trials, 
while only two based it on the minimally clinical difference. These 
two trials evaluated upper or lower limb motor function rehabilita-
tion after stroke. For the sample size calculation it was considered 
the mean difference between the main groups of 5 points in the 
Fugl-Meyer score. Although still controversial, 5 points in this scale 
is considered an acceptable minimal clinical difference [51, 52].

10 Interim Analysis and Stoppage Criteria

Interim analysis is an important factor in the development of clinical 
trials. In this section, we discuss some criteria and aspects of early 
terminated stroke trials. In general clinical trials can be stopped early 
either due to positive or negative results found when usually 50% of 
the study participants completed half of the intervention [53–55]. 
In this review, 26 trials reported decision parameters for stopping 
the trial and the criteria for interim analysis. In most of the trials this 
section was not described.

Safety of participants is considered as one of the mayor aspects 
while developing a proper clinical trial for stroke population, con-
sequently conducting interim analysis is an aspect that gains mayor 
importance during this process. Most of the times an independent 
Data Safety Monitoring Committee (DSMB) is required to moni-
tor for safety and can suggest the early termination of the study. In 
this review, two trials had to stop due safety issues as recommended 
by the DSMB. The first one of these [48] had to prematurely ter-
minate one of the four treatment arms (endoxaban 60 mg bid) 
because of an excess of bleeding in this specific group. The second 
one was stopped because an interim analysis showed significantly 
higher mortality in one of the groups [56].
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A clinical trial can also be stopped because of overwhelming 
evidence of efficacy of one of the arms of the intervention. This 
way it would help to avoid that subjects in the other arms receive 
ineffective treatments for longer periods, therefore utilizing this 
positive result to develop a novel therapy that may be applied 
faster and in a larger population. Overall among those 33 trials 
that describe that performed an interim analysis, eight studies 
needed to be stopped early, among those, three of them were in 
favor of one of the interventions. However there is a cost for 
doing preliminary analysis for efficacy. The EXTEND-IA [57] and 
the ESCAPE [58] trials were stopped due an interim analysis con-
firming that tPA plus coadjuvant therapy with an intra-arterial 
intervention (i.e., thrombectomy) early after the onset of an isch-
emic stroke improves neurological outcomes and do not increase 
the incidence of intra cranial hemorrhage. Both interim analyses 
were not per protocol, but they were performed after the 
announcement of the results of the MR CLEAN trial, published 
in 2015 showing that endovascular therapy is highly beneficial 
when compared with intra venous tPA alone [59]. This is an 
exception case of not per protocol interim analysis; but acceptable 
if approved by a DSMB or the ethics committee.

On the other hand, stopping a trial due to negative results is 
a helpful measure to prevent subjects to be exposed to an unnec-
essary intervention that can be harmful in short and long term 
and in the same way decrease the inadequate use of resources. 
We found two trials that stopped by futility due to lack of differ-
ence between the intervention groups. As mentioned before, 
one of these is the IMS trial the most cited study of our search 
(481 citations). Notably, this trial published in 2013 showed no 
difference between IA therapies as a co adjuvant treatment for 
IV tPA. As discussed before, future trials such as MR CLEAN, 
EXTEND-IA and ESCAPE were able to show difference for this 
same intervention between the groups [57–59]. According to 
the MR CLEAN investigators, the failure of previous trials such 
as the IMS III was primarily due to lack of consistent neuroim-
aging documentation and the use of older stent retrievers such as 
the MERCI device compared to newer devices (used in 82% of 
MR CLEAN patients) [60].

11 Randomization

In this section, we discuss the most frequently randomization 
methods applied in the studies analyzed in our search. In the same 
way we analyze specifics aspects such as type of randomization, 
allocation concealment, and randomization sequence generation.

Randomization is the method utilized to allocate each subject to a 
specific arm of intervention in a RCT. There are different methods 

11.1 Types 
of Randomization
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of randomization and its implementation varies depending on the 
amount of participants enrolled and how precise is the balance of 
the sample [61, 62].

Simple randomization is helpful while allocating participants 
into two groups (treatment or control), in the same way as flipping 
a coin, the research group would not be able to know in which 
group each participant will be allocated. Block randomization is 
utilized to assure an equal number of participants in each group. 
Finally stratified randomization helps to ensure that covariates are 
balances across groups of treatment [61].

Even though 79 trials were randomized, only 43 articles gave 
detailed information to understand the randomization method uti-
lized. Overall, one trial utilized simple randomization with a sam-
ple size of 362 subjects to guarantee the adequate balance of 
groups. Interestingly, checking the Table 1 of this article, we found 
that actually groups were well balanced; however, a difference was 
found in the percentage of patients with baseline atrial fibrillation 
between groups. This factor is relevant since this trial compared 
acute poststroke treatment with endovascular therapy vs. IV-tPA 
and patients with atrial fibrillation may be receiving baseline anti-
coagulant therapy therefore being more prone to develop hemor-
rhagic transformations after intervention. Despite that, there was 
no difference in the percentage of fatal or nonfatal intracranial 
hemorrhage, serious adverse events or fatality rate between groups. 
In addition, 7 trials utilized block randomization, 13 more utilized 
block stratified randomization, and 21 utilized stratified random-
ization (Fig. 8). Additionally, all nonrandomized studies were 
poststroke therapeutic trials.

Among the 21 studies that utilized stratified randomization, 
14 of them used just one stratum, while two trials used two 
strata and three studies used more than two strata to randomize. 
It is important to point out the importance of the study center 
as a factor to stratify, 11 of the clinical trials used it to randomize 
their sample size; in addition, if we compare with the studies that 
used block stratified randomization nine of those used also cen-
ter as the criteria to stratify. Moreover, factors such as age, gen-
der, NIHSS scale were frequently utilized. More uncommon was 
the use of the occlusion severity or the affected side of the brain 
as factors to stratify the groups in two clinical trials. However 
please note that trials that used stratification had a large sample 
size and on average randomized 2920 patients per intervention 
group [40, 44, 57, 58, 63–66].

Most of the studies that reported the randomization sequence gen-
erator method used a computerized system to generate their corre-
sponding randomization list; among those computer programs, the 
most commonly applied were www.random.org. and SAS (version 
8.2; www.randomizer.at; random number generator and the Moses–
Oakford assignment algorithm; Microsoft Excel).

11.2 Randomization 
Sequence Generators
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The allocation concealment was reported in as few as 20 studies of 
our initial search; among them the most common methods utilized 
were opaque sealed envelopes (7/20) as well as an independent 
person or study assistant in charge of performing this task. 
Additionally, other different methods such as prepacked numbered 
drugs packs, randomization code, and phone telemedicine soft-
ware were implemented.

The implementation of randomization was reported in 14 clini-
cal trials, for most of the cases (5) an independent person such as 
a study coordinator, biostatistician, or study assistant took charge 
of this task. Additionally, we found three studies in which the 
pharmacist implemented the randomization; moreover, for the 
remaining studies some methods such as automated telephone 
system, a central telephone service, or even a research therapist 
were used in the proper development of this important stage of 
a research trial.

12 Blinding

The blinding section focus in analyzing and understanding the 
blinding methods that were more commonly found in the 100 
reviewed stroke trials.

The type of blinding is highly dependent of the trial design and 
the outcome measure selected. The importance of adequate blind-
ing strategies is the reduction of bias while assessing the clinical 
trial outcomes. Although for some more objective outcomes mea-
sures such as death, it is more difficult to introduce bias. On the 
other hand blinding is crucial in stroke trials in a more subjective 
outcome measure as for example recovery scales. In stroke trials is 
common the use of a blinded rater to perform the outcome evalu-
ation. In this case the assessors are always blinded to the 
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intervention, even when the subject is not. We found 44 open label 
studies most of them were post-ischemic-stroke phase III or piv-
otal trials. Furthermore, in single blinded studies either the inves-
tigator or the subject is blinded to the intervention throughout the 
entire study. We found 15 single blinded trials; most of them were 
poststroke therapeutic trials.

Meanwhile, in double blinded studies neither the investigator 
nor the participants have any knowledge regarding allocation of the 
intervention. Double blind studies are a difficult task in stroke trials, 
especially those requiring surgical procedures as an intervention. 
Similarly occurs in trials in which the intervention requires any type 
of rehabilitation technique especially because the participant is 
directly exposed to the intervention. In the opposite way, stroke 
studies utilize a great amount of pharmacological treatments that 
can be easily blinded to the participant and the investigator

We found 39 double blinded clinical trials, as shown in 
Table 13; most of them aimed to use drugs in order to treat an 
acute ischemic stroke. Besides that, approximately half of the pre-
vention trials were double blinded. However, it is also important 
for the investigator to consider the long duration of the prevention 
trials and potential for unblinding given the different adverse 
effects of drugs (or drugs vs. placebos). This was an issue in a trial 
in which around 20% of participants of each group (warfarin vs. 
rivaroxaban) stopped the intervention therapy before the endpoint 
event or study termination date [67].

13 Adherence

Generally speaking, the adherence of a clinical trial can be improved 
just by simplifying the researcher’s demands on participants and 
specially simplifying the procedures that subjects are required to 
undergo; in the same way, adherence increases if the subject com-
prehend deeply the study and gather a great amount of informa-
tion in regard to the study.

Table 13 
Common blinding methods for prevention and poststroke trials

Total Ischemic Ischemic and hemorrhagic Hemorrhagic Prevention

Open label 44 21 10 0 13

Single blinded 15 4 9 0 2

Double blinded 39 12 12 1 14

Not described 1 1 0 0 1
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Run-in phase is also a strategy to decrease nonadherence by 
having a period in which subjects receive only placebo intervention 
and nonadherents are excluded. For stroke trials during acute 
phase, the possibility of performing a run-in phase may be in some 
case extremely difficult due to the acute setting of presentation of 
a stroke event. However this may be a good strategy in prevention 
trials. On the other hand prevention trials are usually very large 
trials thus making more difficult and costly to have a run-in phase. 
In fact only one trial reported a run in phase [68]. For this trial, a 
4-week prerandomization run-in period was developed in order to 
select patients that were capable to provide long-term (average of 
1.9 years) protocol compliance to the study.

Furthermore, it is important to point out that stroke trials that 
involve one time dose interventions in which a great majority of 
 participants are in an inpatient setting and the follow-ups are pro-
vided in short term periods will have a decrease rate of dropouts, 
therefore high adherence values. Contrary to this, prevention trials 
and studies with long term interventions usually utilize long-term 
follow-ups, in which the most valuable data is collected at the end 
of the study [69].

In the 100 trials analyzed, 75 reported adherences values from 
these 61 were poststroke trials and 14 were prevention trials. In 
the Fig. 9, we report the mean of adherence from prevention and 
poststroke trial, nevertheless only half of the prevention trials 
describe it.

Despite the fact of the major difficulties and challenges that 
can appear during recruitment process for stroke participants, our 
search reported that a great majority of studies had adherence rates 
equal or above 80%. However, the great majority of clinical trials 
(47%) did not specify these values. Tables 14 and 15 summarize 
adherence rates for drugs and device/procedure clinical trials. In 
this context considering at least a dropout rate of 10% when calcu-
lating the sample size of stroke trials is advised.
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14 Statistical Analysis

Given the differences between prevention and poststroke trials, we 
divided this section in subsections.

For the prevention studies, most of the clinical trials presented in 
this review used survival analysis to evaluate time-to-event results. 
This analysis reflects the time until a participant presents a pre-
specified event, in this case a stroke, TIA or death. Among the 30 
prevention trials, 19 of them applied survival analysis to evaluate 
time to event. As discussed in Sect. 8 of this chapter most of pre-
vention clinical trials evaluate the risk of developing a stroke, sys-
temic embolism, TIA or death.

During a survival analysis, an important aspect is the estimation 
of the survival function or survival curve. The Kaplan–Meier 
 estimator is a nonparametric statistic test that can be used to estimate 
the survival function. Seven of the 19 clinical trials that utilized sur-
vival analysis reported to use the Kaplan–Meier estimator. 
Additionally, in order to compare two group’s survival curves the 
researchers can use a log rank test or use a Cox proportional hazard 

14.1 Prevention 
Trials

Table 14 
Adherence of drug trials

Adherence I I/II II II/III III

0–50% 0 0 0 0 0

50–69% 0 0 0 0 2

70–89% 0 0 4 2 6

90–100% 2 0 1 2 11

N/S 0 1 1 0 17

Table 15 
Adherence of procedure and device trials

Adherence Exploratory-pilot
Exploratory- 
feasibility Pivotal

0–50% 0 0 0

50–69% 0 0 3

70–89% 0 6 8

90–100% 0 10 18

N/S 0 2 4
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model as to adjust analysis for other important covariates. In this 
analysis, three articles reported to use log-rank test to compare the 
differences between survival times in the proposed groups and 16 
articles reported the use Cox proportional hazard models. The 
covariates often chosen for the Cox proportional hazard models 
were age, gender, history of stroke or TIA, CHADS2, and comor-
bidities such as diabetes and hypertension [40, 63, 64, 66, 70–78]. 
In addition, some prevention articles used Fisher exact test, Bayesian 
Poisson models, or Wilcoxon rank test to analyze their outcomes.

Furthermore, in the 100 most cited articles we found sub-
group analyses, and the majority of them utilized regression analy-
sis to build prediction models in order to understand the role of 
some characteristics that may increase the risk of having a stroke.

The type of analysis is more heterogeneous for therapeutic poststroke 
trials when compared with prevention trials as the outcomes are more 
variable (i.e., Walking speed test, mRS, measurements of cortical 
excitability through motor-evoked potentials). Nevertheless, logistic 
regression analysis was the most common statistical test used in nine 
clinical trials. These studies tested devices or procedures aiming to 
compare preintervention and postintervention measurements con-
trolling for individual aspects such as time after stroke, lesion size, 
location, and demographic characteristics such as age and gender.

The second most used statistical tests were Student’s t test and 
survival analysis, with seven trials for each. Five studies used inde-
pendent t-test to compare the differences between groups postint-
ervention and two trials to compare the differences between 
preintervention and postintervention. Most of these studies tested 
noninvasive brain stimulation techniques in motor recovery after 
stroke. Additionally, seven therapeutic trials used time-to-event 
analysis with Kaplan–Meier survival curves as well as with Cox 
proportional hazard model or log rank in order to compare the 
differences between groups. All of these studies were acute stroke 
trials aiming to reduce death events after an ischemic or hemor-
rhagic stroke. Please refer to Table 16 to check the trials that used 
survival analysis.

15 Limitations

In this section we discuss the most commonly found limitations 
throughout the 100 analyzed studies.

During our search, we found that 58 out of the 100 analyzed 
trials reported study limitations. The remaining 42 clinical trials 
did not specify any study limitations encountered during the trial; 
however, some of them suggested potential future considerations 
for next phases of the corresponding clinical studies. Among the 
58 clinical trials that reported limitations, the most frequent draw-
back was small sample size, as shown in Table 17, which in fact 

14.2 Poststroke 
Trials
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Table 16 
Survival analysis and methods using comparing group’s survival curves

Total
Kaplan–Meier 
estimator

Cox proportional hazard regression 16 4

Log-rank 3 2

Table 17 
Overall limitation in the 100 most cited stroke clinical trials

Limitation N

Small sample size 18

Limited external validity 13

Not enough statistical power 9

Inadequate assessment scales 3

Imbalanced randomization 4

Problems with blinding 6

Open label—not randomized 3

Excessively strict inclusion and exclusion criteria 2

High rate of dropouts 2

Lack of experience of the research group 2

Sham method not adequate 1

Lack of control group 1

Duration of the study (extremely large—8 years) 1

No long-term followup 1

Measurement device unable to collect all the data 1

correlates with the increased difficulties in recruitment for this type 
of population. Approximately 32% of trials reported having a small 
sample size; this points out the importance of enhancing recruit-
ment efforts during the whole process of the trial.

Additionally, limited external validity was a common limitation 
encountered. We found trials in which the population was predomi-
nantly male, limiting the external validity of the results. In order to 
avoid this limitation, future trials should design more inclusive cri-
teria as well as a balanced randomization of participants.

Another important limitation is the assessment instruments 
specially for measuring neurological deficits in rehabilitation. Three 
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studies reported limitations in the scales used to assess some of the 
outcomes, for example, if changes observed in NIHSS scale reflect 
an actual gain of function by the patients and if this may represent 
the overall patient recovery. Therefore, it is important to take in 
consideration that there are no scales that are able to measure 
global function after stroke. As a result it is important to select the 
adequate scales depending on the study question. As an example, 
some interventions specifically target motor rehabilitation (that 
might or not improve speech), while others target speech improve-
ment (that might not improve motor function), and consequently 
each intervention will require a particular outcome assessment. 
Therefore, it is crucial to evaluate the available scales in order to 
select the most appropriate one [50, 79, 80].
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Chapter 3

Disorders of Consciousness

Anthony O’Brien, Prakyat Singh, Aurore Thibaut, and Felipe Fregni

Abstract

Disorders of consciousness (DOC) place numerous challenges to healthcare professionals and clinical 
investigators, as they involve a variety of pathophysiological mechanisms, which are not yet clearly under-
stood. Research studies have been conducted for promoting a better comprehension on these neurological 
conditions and making progress on diagnostic and therapeutic approaches. This book chapter presents 
information collected in a review of the 70 most cited clinical trials in DOC. This review was conducted 
by using the online database “Web of Science” searching for articles published between 1995 and 2015. 
Essential methodology and design aspects of these reviewed studies, based on the CONSORT guidelines, 
are deeply discussed in this chapter with a view to improve the conduction of clinical trials on disorders of 
consciousness and provide recommendations for advancing the field.

Key words Disorders of consciousness, Review, Clinical trials, Study design

“It’s exhilarating to be alive in a

time of awakening consciousness;

it can also be confusing,

disorienting, and painful.”

–Adrienne Rich

1 Introduction

Disorders of consciousness (DOC) are among the most challeng-
ing and poorly understood conditions of modern medical care. 
After severe brain injury (e.g., traumatic, anoxic, hemorrhagic) a 
patient can enter into a coma, a condition characterized by the lack 
of both awareness (i.e., no evidence of consciousness of his/her 
surrounding) and wakefulness (i.e., absence of eyes opening) [1]. 
A coma usually does not last longer than a few weeks, after which 
patients can progress to different clinical entities. In the worst case, 
patients decline into brain death (i.e., permanent loss of brainstem 
functions). Other patients may regain consciousness or develop a 
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vegetative state (VS). A VS is characterized by wakefulness, as 
evinced by opened eyes, without clinical evidence of awareness [2]. 
Patients in a VS can persist in this condition for months or even 
years, while others may develop a minimally conscious state (MCS), 
which is characterized by the recovery of some small signs of con-
sciousness (e.g., visual pursuit, response to command or appropri-
ate emotional response to external stimuli) [3]. Nevertheless, those 
patients remain unable to communicate with the environment.

The prevalence of DOC in the USA is ~315,000 cases, where 
VS represents around 40–168 cases per million people, and MCS 
is in the order of 45,000–250,000 cases [4–6]. Each year, 4200 
new cases of VS are reported in the USA, whereas the incidence of 
MCS is still unclear [6]. One reason of this uncertainty could be a 
problem of diagnosis, as we know that about 40% of patients in VS 
are misdiagnosed and present some signs of consciousness [7]. 
DOC cost of care per patient ranges from $600,000 to $1,875,000 
annually in the USA [8]. Lack of patient autonomy and interaction 
with their environment add to the complexity of DOC paradigm 
[9]. Until recently, the medical community has viewed patients in 
VS and MCS, especially chronic patients, with great pessimism 
regarding both prognosis and effective treatments. Unfortunately, 
this pessimism results in the neglect of patients in terms of health 
care as no improvement is expected. Nevertheless, in the past 
10 years, a number of studies have reported that several treatments 
can enhance sign of consciousness [10–12].

The public health challenges related to DOC also extend into the 
field of clinical research and its design. Currently, clinical examina-
tion is the gold standard to establish the diagnosis of patients with 
DOC. The clinical continuum of DOC leads to inconsistency and 
imprecision in its diagnosis and, as a result, it is challenging to 
select representative clinical trial participants. As neuroimaging 
techniques get more sophisticated, there will be more precision in 
diagnosing DOC; however, as of now, it is still limited. The devel-
opment of these technologies will improve diagnostic accuracy as 
well as the understanding of patients’ level of consciousness and 
may increase the interest and the number of studies performed in 
this challenging population. These technologies may help in reduc-
ing the uncertainty and human burden associated with caregiving 
and participation in clinical trials. In the meantime, it is important 
that standardized research protocols are developed to increase the 
number of high quality, uniform and comparable data.

This is a challenge, due to the multiple etiologies leading to 
DOC, the diverse pathophysiological occurrences, therapeutic 
approaches and unclear clinical outcomes. Another dilemma 
brought to light is the need to maintain long periods of follow-up 
in these populations, to gather a better appreciation on the evolu-
tion of DOC from the acute phase onward. This places added 
responsibility and expectations on researchers as it requires them to 

1.1 Challenges 
in Clinical Trial 
Research
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dedicate more time, resources, motivation and effort in maintaining 
long term relationships with caregivers, and fund-givers, for an 
already marginalized and misunderstood population [4].

In this chapter, a review of the literature was conducted to 
summarize the state of the art on clinical trial methodologies for 
DOC in the last 20 years with the intent of acting as a stepping- 
stone to guiding future clinical trials in DOC.

2 Methodology

The Web of Science database was searched for the most cited 
publications in “coma,” “vegetative state,” “unresponsive wakeful-
ness syndrome,” “minimally conscious state,” and “conscious-
ness.” The search was restricted toward the most cited trials written 
in English and published between 2010 and 2015. A total of 29 
articles were extracted, from which most were small, quasi- 
experimental trials with a low number of citations.

Consequently, in conjunction with the objectives of this book, 
the search strategy was modified to improve the quality and num-
ber of publications on DOC. MEDLINE was searched using 
PubMed’s therapeutic and narrow clinical query search function. 
The key terms explored were “coma,” “vegetative state,” “mini-
mally conscious state,” “comatose,” “gcs < 9,” and “cerebral 
malaria.” We also expanded the range of years searched from 1995 
to 2015. Altogether, 1316 results were attained from which there 
were 164 relevant titles. After reading the articles, 70 relevant 
clinical trial articles were eligible for review (Refer to Fig. 1).

3 Overview

Few trials focused primordially on VS and MCS specifically (13%). 
As a result, the search was centered on clinical trials that discussed 
acute DOC (e.g., coma). For example, cardiac arrest and other 
causes of secondary brain ischemia which may lead to disturbances 
in consciousness were retrieved. Severe traumatic brain injury 
(TBI) was the principal etiology discussed in association with DOC 
(67%), after which cerebral malaria (9%) and cardiac arrest (3%) 
were the most reviewed topics (Refer to Table 1). In conjunction 
with the general characteristics and the challenges presented, the 
lack of DOC oriented trials (VS and MCS) provides an avenue for 
improvement in many facets, including trial methodology.

Transparency is essential to clinical trial reporting, and henceforth 
evidence based medical practice [13]. The adequate design of a 
clinical trial, not only ensures its reproducibility, a key component 
of the scientific method, but also reduces bias which can 
 underestimate or artificially inflate an outcome [14]. Therefore, 

3.1 Standardizing 
Trial Methodology
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Fig. 1 Search results between 1995 and 2015

Table 1
Principle pathologies reviewed by articles

Pathology, n 1995–1999 2000–2004 2005–2009 2010–2015 Total

Acute ischemic stroke 0 0 0 1 1

Acute poisoning 0 0 0 1 1

Aneurysmal subarachnoid hemorrhage 0 0 0 1 1

Bacterial meningitis 0 0 0 1 1

Cardiac arrest 0 1 0 1 2

Cerebral malaria 1 1 2 2 6

Disorders of consciousness 0 0 2 7 9

Postanoxic encephalopathy from status 
epilepticus

0 0 0 1 1

Spontaneous supratentorial hemorrhage 1 0 0 0 1

Severe traumatic brain injury 5 7 17 18 47

validated guidelines like the CONSORT (Consolidated Standards 
of Reporting Trials) statement are essential tools to any researcher 
seeking to standardize the design, reporting and interpretation of 
their clinical trials [15].
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Considering the importance of standardized design methodology, 
it is alarming that for DOC trials, the number of journals endors-
ing the CONSORT versus those which are not is almost the same 
(46% vs. 54%, respectively). Despite the expected growth in num-
ber of journal publications between 1995 and 2015 (see Graph 1), 
there is no discernable pattern that indicates a shift to DOC trial 
publications in more CONSORT journals over non-CONSORT 
journals [16].

The impact factor, a metric that evaluates the scholarly impact 
of a journal, was unequivocally higher in journals that followed 
CONSORT (Refer to Graph 2). This should be of interest to 

3.2 Journal 
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editorial boards, readers and researchers alike in the DOC field. 
Comparatively, there were more journals that followed 
CONSORT with an impact factor ≥15 than non-Consort (20% 
vs. 1% respectively). Nonetheless, whether or not the journal sup-
ported CONSORT, the impact factor for journals publishing 
DOC trials was mainly 0–4.9 (67%), shadowed by journals with 
an impact factor ≥20 (19%).

Similarly, the number of citations reveals to some extent the 
academic impact of an article. The number of citations therefore 
can partially reflect quality in design and use in the scientific com-
munity. Most DOC articles (53%) were cited between 0 and 24 
times. There were more articles published in CONSORT journals 
with the number of citations >100, in comparison to articles pub-
lished in non-CONSRT journals (17% versus 6%). Overall, articles 
published in CONSORT journals had a higher number of cita-
tions than articles published in non-CONSORT journals (Refer to 
Graph 3).

Concerning the outcome of the study, most articles reported positive 
results for their primary outcome (62%). In regard to the sample 
size, 59% of the trials had <100 participants, while 31% had 100–
499 participants and 10% had more than 500. Please refer to 
Table 2 for more information. Briefly, the sample size relates to the 
phase of the trial, meaning that the reader can anticipate that the 
majority of DOC trials are either phase I, phase II, or exploratory 
in nature. Overall, one would expect that the interventions would 
most likely be looking at safety or efficacy, whether it is in drug, 
procedure, or medical devices.

3.3 Overview 
of Outcome 
of Journals 
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Table 2 
General characteristics of mined articles

1995–1999 2000–2004 2005–2009 2010–2015 Total

Trial design, n
Parallel (two arms) 7 8 18 24 57
Parallel (three arms) 0 0 1 3 4
Crossover 0 1 2 5 8
Adaptive 0 0 0 1 1
Factorial 0 0 0 0 0

Drug/device/procedure, n
Device 0 0 0 3 3
Drug 5 6 12 22 45
Procedure 2 3 9 8 22

Primary outcome positive, n
Yes 3 9 11 19 42
No 4 0 9 13 26
Not applicable 0 0 1 1 2

Journal follows consort guideline, n
Yes 5 3 7 17 32
No 2 6 14 16 38

Sample size, n
0–49 1 2 8 11 22
50–99 3 4 5 7 19
100–499 1 3 7 11 22
500–999 1 0 1 1 3
≥1000 1 0 0 3 4

Impact factor, n
0–4.9 3 7 17 20 47
5–9.9 2 0 2 4 8
10–14.9 0 0 0 0 0
15–19.9 0 0 1 1 2
≥20 2 2 1 8 13

Number of citations, n
0–24 1 1 8 27 37
25–49 0 1 5 2 8

4 Trial Design, Site and Phase

The phase objectives should be reflected in the clinical trial design. 
Knowing the design not only provides a broad outlook on the tri-
al’s aims, but also helps planning for future designs. In the studies 
listed in this chapter, most of the trials were single-center, phase 
II and used a two-arm parallel design (23%). After which single- 
center, exploratory, two-arm trials (14%) followed, and then mul-
ticenter, phase III, two-arm trials (10%) (Refer to Table 3).

Disorders of Consciousness
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Before deciding which trial design best suits one’s study, an ade-
quate hypothesis and primary question should have been estab-
lished a priori. Following this, researchers must ask themselves if 
the control variables and extraneous factors surrounding the trial 
are manageable (e.g., through randomization, group differences 
can become minimized). If the answer is yes, then the next step is 
to determine which trial design best suits the trial’s features.

The most elementary design that can be used in a clinical trial 
is the one-way design which considers only one independent vari-
able (also known as the intervention or control variable). Generally, 
the comparison is done before and after the intervention, and as 
such the researcher can look at the effect of the intervention 
between and within the selected groups. In this type of design, the 
researcher can compare the intervention against a control group, 
like a placebo/sham or an already established treatment. In the 
case of DOC, there are no established treatments as of yet to regain 
consciousness, as such it is most likely that a placebo/sham group 
would be the main comparator in strictly DOC trials.

An exception would be when different interventions or multi-
ple doses are tested on two or more experimental groups. Another 
exception to this would be when considering the etiology of the 
DOC. For example, one can argue that a particular intervention 
for severe traumatic brain injury (TBI), like hypothermia, hyper-
tonic solution or intracranial pressure monitoring, may lead to bet-
ter outcomes in TBI patients and as such may also benefit, by 
extension, to patients with DOC following a TBI. In this sense, if 
a standard intervention already exists for a specific population or 
etiology, though it is not particularly designed for all DOC patients, 
it might be valuable for treating DOC patients as well. Nonetheless, 
as no orthodox treatment is yet established primarily for DOC it is 
best to design the trial with a control group in mind.

As mentioned at the beginning of this section and evidenced in 
Table 3, most of the clinical trials reviewed were one-way designed, 
two-arm trials. In terms of internal validity, this type of design is 
robust because it allows for testing the baseline similarities of the 
groups prior to intervention, and with randomization safeguards 
that they are going to be comparable. Indiscriminately attrition can 
be a main limitation in this design. Nevertheless, for trials con-
ducted on DOC patients, attrition is not as prevalent due to the 
nature of the disease. Statistically speaking, they are also simple to 
evaluate; generally, a Student’s t-test, chi test, or nonparametric 
equivalent like Wilcoxon rank sum test is adequate.

Expanding the aforementioned design, is the one-way, three- 
arm trial. Though not as commonly used in the articles reviewed in 
this chapter, it provides the same benefits as the two-arm trial while 
allowing for multiple experimental groups. On the other hand, as 
the number of experimental groups increases, as compare to the 

4.1 Trial Design 
in DOC
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two-arm trial, a larger sample size is needed, which could be detri-
mental to the feasibility of this type of design in DOC. Also, the 
statistical analysis tends to involve more advanced techniques like 
analysis of variance, Kruskal–Wallis, and so forth.

In order to address the issue of sample size and variability, an 
alternative to the two-arm trial can be the crossover design. The 
advantage of the crossover design is that it uses the subjects as both 
the control group and the experimental group. This reduces inter-
subject variability, and hence increases the internal validity of the 
trial comparatively. Another aspect to consider is the ethical com-
ponent of the trial, which is even more important for this popula-
tion. Though all trials are based on equipoise, in the crossover trial 
the subjects will always receive both the intervention and control, 
which can be ethically favorable, which may reduce dropout if 
patients regain consciousness, and/or which help attain and main-
tain informed consent. The main disadvantage to this design in 
DOC is that it should not be used when the treatment effect is 
slow. Therefore, it may be best for stable, yet early, cases of DOC, 
rather than long-term cases. In terms of statistical analysis, 
researches mostly rely on paired t-test, and/or Wilcoxon signed 
rank test.

The decision of selecting a single-center trial, or a multicenter trial, 
can impact more on the success of the trial than just the obvious 
feasibility consequences. Single center trials, in general, are not only 
cheaper but tend to be easier to manage concerning logistics, nego-
tiating protocols, data collection and population variability [17]. 
Therefore, for small trials that are focused on safety or  efficacy, 
single-center trials may be better suited, than multicenter trials. 
Nonetheless, there are drawbacks that should be considered. The 
first is that single-center trials more frequently have larger interven-
tion effects. Now, this may seem attractive, but it is important to 
understand the reason behind this observed phenomenon. A pro-
posed reason is that single-center trials could be more prone to 
publication bias, though it is still uncertain [18–21]. An alternative 
explanation is that single-center trials are of lower methodological 
quality, although multicenter trials tend to undergo more missing 
data. Finally, the larger effect size may reflect different intervention 
protocols, a more homogenous population or more specialized per-
sonnel [18]. For the trials reviewed, 43 (62%) were single center 
trials; there was also an indication of more single center trials having 
a positive outcome (43%) than a negative one (17%). This reflects 
the nature of single center trials, in the sense that they are con-
ducted on smaller more homogenous populations, which in the 
case of DOC is common since most of the trials are Phase 
II. Nevertheless, the use of multiple centers to cover recruitment 
numbers is a strategy that should not be undervalued.

4.2 Single-Center 
Versus Multicenter 
Trials in DOC
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Phase I trials and experimental trials, are generally smaller trials and 
conducted in healthy human subjects; <100 patients. However, 
due to the nature of DOC, the use of healthy subjects is unreason-
able under most conditions. These trials are oriented toward safety, 
pharmacodynamics, pharmacokinetic dosing objectives, and/or 
performance appraisal. In the trials reviewed, nine (13%) were 
phase I and 15 (21%) were exploratory. Additionally, these trials 
may be used to help calculating the effect size for larger phase II 
and pivotal trials. Nonetheless, this suggests that in the last decade 
approximately one third of the DOC trials have only started being 
tested for drug, procedures and medical device safety.

Phase II trials and pivotal trials, are larger than phase I trials, 
involving ~50–300 subjects. They are designed to test the prelimi-
nary efficacy of an intervention, confirming dosing and looking at 
adverse events. In addition, they can be used as a means to power 
phase III trials. These trial phases have more homogenous samples, 
defined through strict inclusion/exclusion criteria, to narrow 
down the effect and control as many variables as possible. 
Additionally, the later aspect of inclusion/exclusion criteria is vital 
to contextualize, as it provides partial insight into the means by 
which the researcher attempts to control the noise-to-signal out-
put for the phase’s purpose, and prospective generalizability. These 
trials also tend to be randomized, single or double blind, with allo-
cation concealment. Interestingly, while 11 (16%) of the phase II 
trials had between 100 and 499 participants, 14 (20%) phase II 
trials were between 0 and 99 participants. For DOC, this brings to 
light other aspects like sample size calculation, challenges with 
recruiting representative subjects, adequate and timely consenting, 
and difficulties maintaining long term follow-up.

Phase III trials are even larger than phase II trials; they can 
range from hundreds to thousands participants. They look at effec-
tiveness of an intervention and therefore tend to have groups that 
are more heterogeneous. They are randomized and normally dou-
ble or triple blind, comparing against a standard treatment or pla-
cebo. These trials influence heavily on FDA approval of an 
intervention. For DOC, 8/9 of the phase III trials were multi-
center trials on severe acute TBI, while 1/9 was a single center trial 
on cerebral malaria. This also reflects the novelty of trial design in 
DOC, and the underrepresentation it has experienced in clinical 
trial research in the last 20 years. Note that we identified one phase 
II/III study.

Phase IV trials, also known as postmarket studies in drug trials 
or post-approval in drug/procedure trials, are designed to look at 
the long-term effects, risks, benefits, and best usage parameters 
once an intervention has been approved. Only one study was 
defined as being a phase IV. However, it did not match the afore-
mentioned criteria and is more likely to be a phase III study.

4.3 Phases of Trial 
Design in DOC
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5 Population

Most of the clinical trials (86%) were performed on acute (<1 week 
post insult) patients. Only nine studies focused on DOC subjects 
exclusively (subacute or chronic VS and MCS), two of which 
looked at children. The other studies mainly looked at acute 
(<28 days post insult) severe TBI subjects (Graph 4). The selection 
of the time point for the progression of DOC is of importance as it 
can have considerable impact on the observed outcome; literature 
review that acute stages tend to respond better to intervention 
than chronic stages [22, 23].

Out of the nine studies focusing on VS and MCS patients, 
eight were performed after 2010. As mentioned before, this high-
lights the novelty of the studies in this specific population of 
patients. The other 62 studies focused on coma patients (acute 
DOC), of which the majority (n = 46) included TBI patients only 
(71%), while 54 studies were conducted on adults (87%) and eight 
on children (13%).

As mentioned in the previous paragraph, the majority of the stud-
ies were performed on acute patients in “coma” without mention-
ing the current definition of a DOC (i.e., VS or MCS). It is difficult 
to delineate specific selection criteria for the DOC trials (VS or 

5.1 Selection Criteria
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MCS) since only a small amount of studies focused particularly on 
this population.

For the majority of the studies, inclusion criteria were based on 
the GCS total score; patients with a score below 8 were diagnosed 
as being in coma [24] (see Table 4). Nevertheless, the level of con-
sciousness cannot be entirely assessed using this scale and some 
patients may be incorrectly diagnosed (e.g., locked-in syndrome, 
patients that are unable to move or vocalize and have a GCS of 5). 
This is even more prone to occur in the acute stage since many 
patients can suffer from motor disabilities and cannot express that 
they are (partially) conscious. Therefore, using only the GCS, as 
observed in the majority of the trials (58%), may induce bias in the 
studies’ results since the target population may be misdiagnose.

Most of the phase II and III studies used the GCS as a diagno-
sis and inclusion criteria (62% and 64%, respectively), which high-
light even more the wide acceptance and use of this scale in the 
medical community. Nevertheless, as mentioned before, this scale 
is not sensitive enough to correctly diagnose patients with 
DOC. The scale does not assess the brainstem reflexes. To over-
come this problem, in some studies, pupillary response to light was 
also evaluated.

Other scales were used to select patients, such as the Coma 
Recovery Scale-Revised (CRS-R) or the disability rating scale 
(DRS). These two scales are more complete and assess in more 
details the behavioral responses of patients. Another scale used in 
one study to select patients with DOC is the Ranchos Los Amigos 
scale. As highlighted in Table 4 only 16% of the reported studies 
used those scales. In comparison to the GCS, the CRS-R offers 
more sensitivity to disentangle patients in MCS from patients in VS 
[7, 25]. Nevertheless, it takes more time (30–45 min for the 
CRS-R compared to 5 min for the GCS) to be performed and 
requires specific training.

Another interesting observation is the age range chosen in the 
studies focusing on adults. Indeed, even if the majority of the stud-
ies included patients from 18 to 65, some studies included patients 
from 16 years old, or even 15. We observed the same difference for 
the upper limit. Even if the term adult is more related to the law, it 
is well known that cortical activity in young as well as old patients 
can be very different from each other, and this may influence the 
results of a trial; therefore more precision should be taken when 
defining the inclusion criteria.

CT-scan or MRI was often used to objectively evaluate a hem-
orrhage and its severity in TBI patients (15 studies out of 50–30%). 
Ten studies employed neuroimaging as an inclusion criteria were 
phase II and III (75%). While relying on objective measurements 
to enroll patients seems like a more reliable criterion than behav-
ioral scales, in the present studies, different classification were used 
(i.e., Marshall’s CT Classification, Classification system of the 
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Traumatic Coma Data Bank, or own criteria), which reduces their 
reproducibility and comparability.

Even if most of the studies included acute patients <1 week 
post insult, only seven explicitly include patients in a “stable medi-
cal condition.” In addition, only five studies on TBI out of 48, 
evaluated the ICP as an inclusion criteria. The stability of vital signs 
should be evaluated more carefully, since the efficacy of a treatment 
may be affected by the patients’ state.

6 Intervention

Disorders of consciousness are brought about by a variety of events; 
similarly, there is also a diversity of interventions to address these 
problems. Despite the variety of interventions tested, an effective 
intervention to treat DOC is yet to be established, resultantly most 
treatments are used on an off-label regimen based off of case 
reports and/or series [11]. The future of research is set to deter-
mining if these various treatments are effective and safe, while 
mapping out which patient type best responds to the interventions 
(Refer to Graph 5 for a review of the most used interventions 
vs. time).

6.1 Introduction 
to Interventions Used 
in DOC Trials

Table 4 
Selection criteria for mined DOC articles vs. study phase.

Eligibility criteria N

Phases

Quasi 
experimental Exploratory pivotal I II II/III III IV

Behavioral scales GCS 41 0 10 3 5 16 0 7 0
CRS-R 5 1 0 0 0 3 1 0 0
DRS 5 0 1 0 1 2 1 0 0
Rancho Los 

Amigos
1 0 1 0 0 0 0 0 0

MRI-CT lesions 15 0 4 0 2 5 0 5 0

Pupil response 8 0 0 0 1 5 0 2 0

Stability of vital sign 7 0 2 0 1 2 0 2 0

Stable intracranial pressure 5 0 0 3 1 1 0 0 0

Seizure 3 0 1 0 0 2 0 0 0

No cardiac/vascular dysfunction 5 0 2 1 0 2 0 0 0

No multisystem injuries 3 0 0 2 0 1 0 0 0

Mechanical ventilation 4 0 0 0 2 2 0 0 0

GCS Glasgow coma scale, CRS-R coma recovery scale revised, DRS disabling rating scale
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Severe TBI was the main etiology investigated for the DOC review; 
therefore, most interventions were rationalized around the mecha-
nisms related to STBI. In STBI, at the time of injury, primary 
structural changes due to immediate cell death take place, then 
secondary injury ensues via various neurochemical cascades [26]. 
The maximum progression of edema occurs within 2–4 days of 
injury, and then decreases throughout the following 23 weeks. In 
fact, this corresponds approximately to a 6-month period, which 
ties in to the timeframe seen in several of the time points for evalu-
ating the primary outcome and its follow-up. According to our 
review, most of these were phase I and phase III pharmacologic 
interventions. For example, trials involving drugs such as 
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corticosteroids, phosphatidylcholine intermediates, methyl-xan-
thine TNF-α synthase inhibitors, eicosanoids, NSAIDS, nonselec-
tive bradykinin antagonist, vagal-nerve stimulation (VNS), and 
progestin are based on the hypothesis that they stabilize the blood–
brain barrier or neurodegeneration, by reducing microvascular 
permeability, consequently reducing the effects of vasogenic 
edema, reactive oxygen species, cell death, and increased intracra-
nial pressure [27–36]. Overall blood–brain barrier stabilizers (BBS) 
were the second most prevalent intervention in DOC trials.

The shear forces that occur from STBI lead to disruption and dam-
age of axon membranes, cellular skeleton and mitochondria of 
neurons. Extracellular glutamate levels rise to neurodegenerative 
levels, and NMDA receptors are activated to the point in which 
there is a large influx of intracellular calcium. This results in a dis-
ruption of calcium balance and posterior cascade of calcium medi-
ated biochemical events [37]. These events are connected with an 
increase in nuclear factor-kappa B (NF-kB), tumor necrosis 
 factor- alpha (TNF-a), interleukin-1 beta (IL-1), and interleukin-6 
(IL- 6), which are associated with irregular excitotoxic neurotrans-
mitter release [26, 38]. Traxprodil, an allosterically binding NMDA 
receptor antagonist, and similarly acting medications, are centered 
on the hypothesis that by preventing unstable NMDA activation, 
the posterior cytotoxic effects of glutaminergic release can be 
reduced [37]. GABA receptor and subtypes binding capacities are 
also altered. These changes all result in a maladaptive homeostatic 
neurotransmitter shift in which the brain enters into a state of dor-
mancy known as DOC [39–41]. Trials with zolpidem are based on 
the hypothesis that GABA-v1 agonists may help return maladap-
tive neurotransmitter release allosterically, via restoration of nor-
mal metabolic activity in dormant neurons [39]. While trials with 
amantadine are based on its mechanism of action as an indirect 
dopamine agonist, which is associated with attentiveness, and 
arousal via nigrostriatal, mesolimbic, and frontostriatal circuits 
[11]. Parallel to this, methylphenidate is said to do the same [42]. 
Similarly, other than the anti-inflammatory effects mentioned early, 
VNS is said to activate areas like the locus coeruleus leading to 
norepinephrine release and increased activation of arousal net-
works, while also reducing NMDA activation and GABAergic 
imbalance [27, 31–34]. Likewise, alternatives to benzodiazepines, 
like dexmedetomidine, propofol, and haloperidol, are being 
researched for mechanically ventilated patients since traditional 
sedatives like benzodiazepines act on GABAA receptors and as 
such may increase the risk for acute brain dysfunction, like coma 
[43, 44]. For this review, these were principally pharmacologic 
interventions, which were the focus of phase II trials DOC trials. 
By the end of 2015, drugs will account for the main interventions 
studied in DOC trials.

6.3 Neurotransmitter 
Modulation
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Hypothermia is utilized in severe TBI trials either as a mechanism to 
reduce raised intracranial pressure (ICP) or as a neuroprotective 
measure post-injury. When used to treat elevated ICP, hypothermia 
is generally administered within the first 24 h of injury and main-
tained during the zenith of ICP or until ICP normalizes. As a neu-
roprotector, hypothermia is initiated within the first 10 h post- event 
and upheld regardless of ICP changes for a preestablished time [45]. 
As reviewed by Clifton G. et al. there are enough quality clinical tri-
als to support the use of hypothermia to reduce elevated ICP but 
not enough to support its use as a neuroprotectant for diffuse brain 
injury [45]. Comparably, craniectomy is generally used after the fail-
ure of first tier medication in controlling ICP, although evidence 
points to lower ICU stay, it is accompanied by increased adverse 
events [46]. Intravascular resuscitation with crystalloids or colloids, 
with varying osmolarities and compositions were also studied in sev-
eral TBI trials. The general idea is that restoration to normal blood 
pressure can maintain cerebral blood pressure, while hypertonic 
solutions reduce brain edema by maintaining intravascular oncotic 
pressure, while balanced solutions prevent pH disturbances, there-
fore reducing maladaptive metabolic strain on the brain and its 
reserves [47]. Hypothermia was the most frequently reviewed tech-
nique in exploratory and pivotal trials, while IV therapy was the sec-
ond most studied intervention for phase II and III trials.

Nutripharma with branched chain amino acids is believed to 
enhance oxidative metabolism, synthesis of neurotransmitters, pro-
duction of ATP, protein synthesis, insulin production and resul-
tantly lead to improved brain ion homeostasis, neurotransmitter 
release, and metabolism [48]. Alike, the method of nutripharma 
administration is important because it can impact the rate of nutri-
tional processing and hence energy spending, and catabolism; 
which is why intestinal mechanism of administration are being 
studied since they bypass the slow process of gastric emptying 
while reducing aspiration pneumonitis [49]. In this review 
Nutripharma was the fifth most assessed intervention. Grossly, 
hyperbaric oxygenation has been demonstrated to improve mito-
chondrial function, adenosine triphosphate (ATP) production, 
blood flow and to reduce intracranial hypertension, neuroinflam-
mation, reactive oxygen species damage, and neurodegeneration in 
the hippocampus, around pericontusional and noncontusional 
brain parenchyma, all of which assist in functional recovery of the 
individual [50–55].

7 Outcomes

An outcome is an observed phenomenon that reflects a specific 
response in a subject toward a controlled intervention under pre-
cise conditions. It should also be reflected in the selection of an 

6.4 Hypothermia 
and Intracranial 
Pressure Stabilization

6.5 Nutripharma, 
and Hyperbaric 
Oxygen
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adequate and, if possible, valid outcome in order to tailor an opti-
mal expected and observable response.

The outcome can encompass a plethora of direct patient 
responses, such as a repertoire of symptoms, the time to a particu-
lar event, a review of quality of life validated criterion, and behav-
ioral/cognitive batteries. On the other hand, outcomes can also 
embody less patient-reported idiosyncrasies like clinical signs 
grouped through a variety of tools through behavioral scales, imag-
ing techniques, biomarkers and physiological assessments. 
Consequently, the multidimensionality of outcomes can be nar-
rowed down to clinical outcomes that represent a participant’s 
 survival, functionality or feelings, and then surrogate outcomes 
that substitute clinical outcomes for a more objective, yet indirect 
measurement of an effect [56] (Graph 6).

There are still no direct and objective measure of consciousness 
as of now its principal evaluation is accomplished via behavioral cues 
organized through a variety of scales. Other techniques include 
electrophysiological responses, or highlighted markers in neuroimag-
ing; however, none of these methods has yet to be validated as a gold 
standard to observing and measuring consciousness.

In this review, the principal primary outcome for the majority 
of the studies was the Glasgow Coma Scale (GCS) and the Glasgow 
Outcome Scale (GOS) (see Table 5). The GCS is a clinical end-
point used to assess the level of consciousness after an injury and it 
can be applied over a short period of time to track changes. 
Nonetheless, despite its simplicity, the GCS has been criticized for 
its limitations when it comes to evaluating intubated/sedated 
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individuals, brainstem reflexes, and subtle neurological changes 
[57]. Although GCS was the second most used scale in our revi-
sion, in an evidence-based review by the American Congress of 
Rehabilitation Medicine (ACMR), along with its modified version 
the Glasgow–Liege Scale, the GCS is not recommended for behav-
ioral bedside assessment because of a lack of content validity, stan-
dardization, and/or reliability [25].

Unlike the GCS, the GOS is divided into a hierarchical, 
descriptive assessment of key aspects such as returning to work, 
personality disturbances, cognitive alterations, spontaneous eye 
closure and opening, etc. Overall, it is a broader scale with more 
subjective categories. Generally, it is not used on an individual 
bases, but rather in research during continuous or long-term 
assessment, and therefore graded to assess degree of return to 
autonomy in the daily life [58]. Its use is accepted when preestab-
lished structured questions are employed; however, it is important 
to note that it was not included in the ACMR evidenced based 
recommendations for DOC appraisal [59, 60]. The Coma Near 
Coma Scale (CNCS) was developed as a revised version of the dis-
ability rating score (DRS). It is designed to notice subtle neuro-
logical changes in traumatic brain injury patients; the scale is 
recommended with major reservations by the ACMR, and backed 
by the Center for Outcome Measurement in Traumatic Brain 
Injury given that the evaluator is previously trained and that two 
independent researchers administer it at approximately the same 
time [25, 61]. Finally, according the ACMR the Western Neuro 
Sensory Stimulation Profile (WNSSP) should be used with moder-
ate reservations, while the Coma Recovery Scale-Revised (CRS-R) 

Table 5 
Main primary outcomes related to consciousness used in articles about 
Disorders of Consciousness

Description of primary outcomes related to consciousness n

Behavioral scales Glasgow outcome scale (GOS) 23
Glasgow coma scale (GCS) 18
Coma recovery scale-revised (CRSR) 7
Disability rating scale (DRS) 5
Glasgow outcome scale extended (GOSE) 4
Barthel index score (BIS) 2
Coma/near coma scale (CNCS) 2
Pupillary response 2

Clinical Time to regain consciousness 7
Imaging (PET/CT/MRI) 3
Time to sit unsupported 2
Time to start oral feeds 2
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has superior content validity, normalized administration, and 
 scoring. Moreover, until now, it is the most sensitive scale to detect 
signs of consciousness in DOC [7, 25].

For selecting the outcome, studies should clearly understand the 
operational definition of the DOC being evaluated. Not only this, the 
evolution of the DOC, the subtle cues, and the time points to be 
evaluated should be clearly defined prior to starting the study. The 
tool used to measure consciousness should be reflective of this, and at 
minimum go beyond what is used most frequently, but rather be 
based on evidence-based recommendations. Studies that use unpub-
lished scales have a higher probability of bias and exaggerating the 
effect size of an intervention [62, 63]. All trials reviewed in this chap-
ter used a previously validated scales to evaluate consciousness. 
Nonetheless, most of the trials used the GCS, as a primary outcome, 
which, in itself, is not recommended by the ACMR. Additionally, 
considering the long term follow up occasionally required; it can be 
beneficial to have outcomes that not only can be administered by the 
bedside, but also via other mediums like the telephone. To this regard, 
it is understandable why the GOS or the extended version (GOSE) 
was frequently used in the studies reviewed. Moreover, aspects like the 
training prior to scale administration, the level of experience of the 
assessor, the quantification of the outcome, the time of day, and the 
masking of raters should be clearly disclosed.

Overall, we recommend using the CRS-R for DOC research 
under short-term scenarios (example: baseline and after interven-
tion), when trained staff is available. If the scale’s requirements are 
too demanding, we recommend the WNSSP or the CNCS as sub-
stitutes. For follow-up the GOSE is an adequate alternative, it is 
also the most frequently used scale for follow-up in the present 
review. Despite its simplicity, the use of GCS is not recommended 
as an outcome because of its lack content validity, standardization 
and reliability. Table 6 shows the time points of main primary 
outcomes in this topic.

8 Statistical Analysis

Not only is the adequate selection of the outcome essential, but 
also the nature of their scoring and consequent statistical analysis 
should be clearly described. The broad idea is that any knowledge-
able reader should be able to reproduce the statistical analysis if 
they had access to the original data [15]. For example, the GCS 
which goes from 3 to 15, is frequently divided into groups/cate-
gories (severe with GCS <8–9, moderate GCS 8 or 9–12, minor 
GCS ≥ 13); the categorical division of the GCS adds an additional 
avenue to its interpretation, in the sense that it becomes clinically 
simpler to appraise, but on the down side data is lost. Additionally, 
depending on the way the data is scored, the statistical approach 

8.1 Statistical 
Analysis of Primary 
Outcome
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will change accordingly. For example, if the GCS is considered as 
an ordinal value, then the median, interquartile range and non-
parametric approaches can be used for data analysis. However, if 
GCS is categorized then proportions, Chi2/fishers exact test, and/
or logistic modeling may be more appropriate to analyze the data. 
Please refer to Table 7 for a more detailed description on how to 
statistically analyze frequently used behavioral scales.

In regard to the studies reviewed, the main method of evalua-
tion for GOS was the Chi2 and Fischer test. For the GOS, the next 
preferred method of evaluation was logistic regression. When eval-
uating the relationship that an effect modifier and other covariates 
can have on the outcome, logistic regression is an invaluable 
approach, especially when considering the heterogeneity in the 
DOC population. A few studies utilized Wilcoxon Signed Rank 
Test (WSRT), and Mann–Whitney U (MWU) depending on if the 
data was paired or not. Other useful statistical approaches include 
the use of medians and interquartile range, rather than the mean 
and standard deviation, for nonparametric central tendency and 
dispersion analysis. Important to note is that a few studies did ana-
lyze these scales as continuous data using Student’s t-test, which is 
not recommended. Congruent with the previous idea, the follow-
ing neurobehavioral scales should be analyzed as categorical data: 
GCS, GOSE, CNC, RLCF, and CPC.

GCS was evaluated primarily as a continuous variable through 
Student’s t-test. For the studies that did analyze it as categorical 
they used Mann–Whitney U, Chi2/Fischer, and generalized linear 
mixed models.

CRS-R was analyzed primarily through nonparametric 
approaches such as Wilcoxon Signed Rank Test and Mann–
Whitney. These approaches are adequate considering that the scale 
is ordinal in nature. A few studies used multiple linear regressions; 
although this approach is possible, it is not the best option due to 
the lack of equivalent distant intervals inherent in the scale. 
Therefore, logistic regression may be a better approach, particu-
larly if comparing neurological states like VS/MCS. Similarly, DRS 
was evaluated principally through logistic regression, Wilcoxon 
Rank-Sum test and mixed regression models. Finally, GOSE was 
reviewed via Chi2/Fischer, Mann–Whitney U, and logistic 
regression.

Not only it is enough to adequately and clearly state the nature 
of the variable and the statistical method that will be used to ana-
lyze the data, but also another crucial aspect to consider is the 
means by which the data will be managed all together. 
Randomization itself is essential to reducing bias in regard to the 
allocation of subjects to an intervention; as a result, in order to 
uphold the benefits that randomization has on the internal validity 
of a trial, an intention to treat (ITT) analysis is suggested. When 
ITT is conducted, the subjects data are analyzed in accordance to 
the intervention group they were assigned after being randomized, 
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regardless if they dropout, withdraw, changed groups or had miss-
ing data. Table 8 shows the most applied methods of data analysis 
in DOC trials. Under the missing data scenario, strong assump-
tions regarding the method of data imputation must be made to 
complete the data analysis. Most of the articles reviewed here, did 
not state the precise method for imputing data, more so when they 
did they used last-observation carried forward, which despite its 
ease of use has been questioned as a reliable data imputation 
method [15]. Regardless of the analysis and the imputation method 
it is clear that in order for the scientific rigor of a trial to increase it 
is recommended that the methods be described rather than reduced 
to key words such as intention-to-treat. An example of this would 
be, “all subjects who were randomized to either placebo or inter-
vention A were included in the analysis.”

According to the consort guidelines, secondary outcomes are 
used to evaluate additional effects of the intervention. Considering 
the economic load of clinical trials, secondary outcomes also serve 
purposes such as (1) hypothesis generation for future trials, (2) 
reduction of costs by efficiently grouping other hypothesis into 
one trial instead of various trials, and (3) sustainability.

In the present sample of clinical controlled trials, 24% of the 
studies did not mention any secondary endpoints. The occurrence 
of adverse events during the following days or month after the 
inclusion in a study was measured in 19 (27%) of the reported 
studies. Most of them were phase II and III trials. This is a very 
relevant outcome to report and it is suggested to include this mea-
sure in all protocols that assess the effect of treatments in DOC. The 
rate of mortality (time range of data collection varies between 
1 week and 6 months) was another widely used secondary out-
come, mainly in studies focusing on acute setting. Note that the 
GOS/E was also often used and this scale encompasses both 
mortality and functional recovery. A certain amount of trials 
included cognitive and functional testing as a secondary outcome. 

Table 8 
Frequency and percentage of data analysis approach used  
in DOC articles reviewed

Method Frequency, n
Percent 
(%)

Intention to treat 32 46

Complete case analysis 18 18

Unclear 20 20

Total 70 100
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Other outcomes, such as time in intensive cares, intracranial pres-
sure, brain lesions objectified with neuroimaging and blood tests 
were also observed in some studies.

For most of the studies, when the primary outcome was the 
GCS or GOS, secondary outcomes were physiological measures, 
intracranial pressure, blood sample tests or neuroimaging assess-
ments. On the other hand, studies focusing on physiological mea-
sures chose GOS or other cognitive and functional scales as 
secondary outcome. GOS was assessed in almost all clinical trials as 
primary or secondary outcomes. This highlights the worldwide 
recognition of this scale but also its easy administration. It is rec-
ommended to assess the adverse effects of a treatment on every 
study, as well as the mortality and the GOS/E at follow-up as sec-
ondary outcome. This would give good feedback on the safety of a 
treatment and the functional outcome on the long-term.

9 Sample Size Calculation

The sample size is an essential component of designing a clinical 
trial; not only does it impact the probability of observing a statisti-
cally significant difference, but also ethically it determines the 
number of subjects whom will be exposed to an intervention and 
can undermine the feasibility of running a trial. It is critical that the 
following aspects be reviewed when designing a clinical trial: (1) 
the alpha (type I error), (2) the statistical power (type II error), (3) 
the primary outcome used to calculate the sample size, (4) the type 
of study from which the primary outcome was observed, (5) the 
expected result in the control group and the intervention group, 
(6) the direction of the effect and (7) the expected drop-out/attri-
tion rate, with the adjusted sample size.

Consequently, only 28 of the DOC trials reviewed described at 
least one of the aforementioned sample size calculation 
aspects (Table 9). Contrastingly, 21 clinical trials reported the 
alpha level, power, and anticipated effect size; the three main ele-
ments to compute the sample size. The most commonly used alpha 
level was 0.05, as shown in Table 10, which is under a two-tailed 
hypothesis; when not being stringent or assuming directionality on 
hypothesis testing, these parameters are frequently used. Likewise, 
the most employed power was 80%, which in medical literature is 
considered sufficient powered to observe a statistically significant 
difference and prevent a type II error. Finally, the source and quan-
tity for the expected effect size in both the control and active group 
should be stated. These were the least reported aspects in DOC 
sample size calculation, particularly the expected change in the 
control group (87%); while the remaining outcomes were based on 
observational data, previous clinical trials, pilot studies and 
expected minimally clinical difference. Tangentially from the six 
mentioned criteria, the design impacts the sample size; generally 
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Table 9 
Sample size criteria reported in reviewed clinical trials

Total

Alpha level

0.05

Two-sided 18

One-sided 0

0.025

Two-sided 1

One-sided 1

0.01 Two-sided 1

Other 1

Not reported 48

Power
80% 17
85% 2
90% 4
95% 1
Not reported 46

Control group expected effect
Observational data 4
Previous clinical trial 5
Not reported 61

Active group expected effect
Minimally clinical significance 13
Pilot studies 1
Previous clinical trial 7
Not reported 49

Attrition
20% 0
10% 2
Other 3
Not reported 65

Anthony O’Brien et al.
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paired variables lead to a reduced sample size, by reducing variabil-
ity between the outcome measurement; which may be worthwhile 
to consider in DOC trials, for example once again the crossover 
design in chronic DOC cases shows its benefits.

Interim analyses are conducted to detect if a treatment is danger-
ous or beneficial, compared to the control group before the trial is 
completed. If such a difference is observed, the investigators are 
ethically obliged to stop the study earlier than planned.

For all the studies that reported interim analyses (n = 11), the 
purpose of the analyses was to evaluate if the expected effects of a 
treatment would be met or not. Nevertheless, only five clearly 
explained the analyses they performed. Out of the five studies, four 
used the O’Brien-Fleming method, with different alpha levels, 
depending on the study sample and time of the analysis. One study 
used the threshold of a p value inferior to 0.001 for stopping the 
study if there was evidence of significant benefit or harm in either 
arm of the study groups [64]. Another stopped earlier than expected 
after the second interim analysis due to a lack of effect [65].

Only one other trial [66] reported that the study stopped pre-
maturely due to the request of the Safety and Monitoring 
Committee because of concern about the number of deaths and 
serious brain-related adverse events in two subjects. Nevertheless, 
when the authors compared the two groups (intervention and pla-
cebo) they did not observe any difference in outcome.

All studies that reported interim analyses or stoppage criteria had 
a sample size of more than 100 patients and were all conducted on 
acute patients. Two studies were pivotal, one was exploratory, while 
the other eight were phase II (n = 2), II/III (n = 1), III (n = 4) or 
IV (n = 1). It is suggested that all studies describe their interim analy-
ses in their protocol. Moreover, as many studies on DOC are per-
formed during the acute stage on patients with unstable medical 
condition and uncertain outcome, it is well thought-out to specify 
stoppage criteria before the start of the study.

9.1 Interim Analysis 
and Stoppage Criteria

Table 10 
Method used to generate the random allocation sequence

Sequence generation method Frequency, n Percentage (%)

Not clear 44 63

Computer generated 17 24

Random number tables 3 4

Odd and even numbers 3 4

Centralized web based 1 1

Automated telephone based 1 1

No sequence generation 1 1

Disorders of Consciousness
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10 Randomization

Randomization was first introduced in the early 1920s and then 
first implemented as part of a clinical trial, along with allocation 
concealment and triple-blinding, by 1946 [67–69]. The impor-
tance of randomization was thus set in the annals of history, from 
which the randomized clinical trial became the gold standard for 
conducting clinical trials. Succinctly, the randomization process, 
though diverse, essentially ensures that the sample groups, from 
which one is evaluating the effect of an intervention, are compa-
rable and balanced in features. In other words, as put by Fischer 
R.A. it ensures that known and unknown confounders between 
groups are reduced to a minimum [70]. If properly done, random-
ization reduces the chance for performance and detection bias. 
Except for one trial, all the trials in this methodological review 
were randomized trials.

The term random itself must be used carefully; as the 
CONSORT 2010 states, the participant should have a known 
prospect of being assigned to each intervention, however the 
assignment itself is up to chance and therefore not foreseeable. 
Due to this, when odd and even number days, hospital numbers, 
or assigned physician names are used without there being a process 
of randomization, or unpredictability, the trial should not be con-
sidered randomized. Resultantly, as long as the allocation can be 
predicted the method should not be considered as a random allo-
cation sequence [71]. In accordance with when the authors 
reported the method to generate the random allocation sequence, 
it was mainly computer generated (24%) or through random num-
ber tables (4%) (see Table 11). More than half of the articles 
reviewed did not report the method used for random allocation 
sequencing (64%). In addition, two trials reported using fixed days 
of the week as a method to randomly allocate the subjects, but as 
previously discussed, this is a misconception as it is not a true ran-
dom process, and therefore they should not be considered as ran-
domized clinical trials.

The method in which randomization is accomplished varies in 
accordance to the sample size, and interests of the researcher, over-
all though there should not be any direct influence on the random 
chance of the subject being allocated to an intervention.

One of the most commonly used randomization methods is 
simple randomization. In this procedure, the subject has an equal 
number of chances to be distributed to a group. A regularly used 
analogy is that of a coin-toss, in which on one single, independent 
event, there is a chance to get 50% heads or 50% tails; in this sense, 
there is a 1:1 allocation ratio. Despite the name and apparent sim-
plicity, there are caveats to the procedure that every researcher 

10.1 Importance

10.2 Types 
of Randomization

Anthony O’Brien et al.



91

should be aware of. The first thing is that simple randomization 
should be used in groups that are large, generally when the sample 
size is >100. The reasoning behind this is that even though the 
process is unbiased, it can lead to an irregular distribution of sub-
jects in small sample sizes. For example, in a sample of four inde-
pendent coin tosses it is possible to get four heads or four tails 
consecutively in a trial.

To address the issue of unbalanced groups, block randomiza-
tion tends to be implemented. For example, for every group of ten 
subjects five will be allocated to one intervention, while the other 
five to the other. This can be done in many ways, fixed blocks of 2 
can be set up so that in each block both interventions are evenly 
distributed, and by the time five sets of two blocks are completed 
ten subjects would have been proportionally distributed to each 
intervention. Unfortunately, this procedure comes with the 
expense of reducing the randomness afforded by simple blinding. 
To compensate for this random blocks, larger blocks can be used, 
but this does not eliminate the issue with sequence predictability 
altogether. In regard to the studies reviewed, 15 used block ran-
domization, while six used block randomization mixed with 
 stratification; block sizes of 4–10 were used most frequently. 
Interestingly, the majority of the clinical trials that used block ran-
domization had between 100 and 499 subjects (60%).

Another aspect to contemplate is when idiosyncrasies can influ-
ence the outcome. In these situations, the subjects can be random-
ized in accordance with features that the researcher may consider 
impact the comparability between the groups. For example, in the 
present review on DOC, commonly used stratum was site of proce-
dure (commonly used in multicenter trials), age, and severity of 
injury. For future trials, considering the heterogeneous aspects of the 
DOC population, various aspects such as the mechanism of trauma, 

Table 11 
Type of randomization utilized in reviewed articles

Type of randomization Frequency, n
Percentage 
(%)

Simple 5 7

Block 15 21

Block/stratified 6 9

Stratified 10 14

Minimization 1 1

Unclear 32 46

None 1 1
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the site of the lesion, the initial prognostic factors, the time since 
onset, the age of the individual, and a proper diagnosis (i.e., VS or 
MCS assessed using a sensitive scale), should be taken into account. 
A limitation to this method is that as the number of strata increase, so 
does the number of subjects required to adequately power the trial 
and hence reduce type 2 error; this was reflected in the DOC trials as 
63% were larger than 100 subjects, and 75% of the stratified trials 
were multicenter. According to the CONSORT 2010, stratification 
is not effective without blocking; this is of interest as only 38% of the 
DOC trials combined stratification with blocking.

Minimization, in itself is not completely random. After the first 
individual is randomly assigned to a treatment group, minimiza-
tion ensures that subsequent participants are allocated in such a 
way that the differences between the groups are weighted and 
reduced. Therefore, it can be extremely beneficial for small groups 
where stratification is not applicable. For DOC, this technique can 
be of particular use considering the difficulties related to recruiting 
large subacute and chronic DOC samples and the heterogeneity 
across individuals. Only one of the trials reviewed used this method 
of randomization, additionally it had a sample size larger than 500 
subjects, which is somewhat counterintuitive to the reasoning 
behind minimization. Table 12 summarizes the type of randomiza-
tion used in DOC trials.

The procedure by which the randomization sequence is obscured 
in the study is known as the allocation concealment. By protecting 
the assignment sequence, subjects cannot be purposively placed 
into a specific intervention (selection bias). Mechanisms to accom-
plish allocation concealment are: (1) Sealed, numbered, opaque 

10.3 Allocation 
Concealment, 
Generation 
and Implementation

Table 12 
Type of blinding, comparing if the trial described the individuals blinded adequately  
and if they used the correct terminology to describe the blinding

Type blinding of

Description of individuals in text 
blinded

Blinded individuals described  
in text not

Total

Clear use  
of blinding 
terminology

Unclear use  
of blinding 
terminology

Clear use  
of blinding 
terminology

Unclear use  
of blinding 
terminology

Open label 2 0 2 0 4

Single blind 2 17 0 0 19

Double blind 10 3 17 0 30

Triple blind 0 3 0 0 3

Unclear 0 0 0 14 14

Total 14 23 19 14 70

Anthony O’Brien et al.
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envelops, (2) Sealed, numbered, containers, (3) Automated sys-
tems, and (4) Third party assignment.

According to CONSORT, the range of omission on disclosing 
the method of allocation concealment ranges from 44% to 89% 
depending on the topic of interest; for DOC 63% of the trials did 
not clearly describe the mechanism of concealment [15]. Trials 
with inadequate concealment of the randomization sequence have 
hyperbolic effect size reporting, which should be of concern when 
designing, executing and reporting DOC clinical trials [15]. 
Additionally, it is also important to report the individual or system 
that is responsible for the generation of the allocation sequence. In 
DOC, the most frequent method of allocation sequence genera-
tion was through an automated system (10%), followed by another 
staff member or a third party center. The most secure method is 
through a third party center, followed by an automatic system, and 
then by an independent staff member. Depending on resources the 
researcher would have to decide which best suits their study; a 
good middle grounds method is through an automatic, interactive 
voice response system. Important to highlight is that the majority 
of the trials did not describe the method or individual involved in 
generating the allocation sequence (53%). Also, in the most ideal 
situation, the individual responsible for allocation generation 
should not be the same person responsible for implementation, as 
this can potentially lead to the random sequence being disclosed. 
This clearly occurred in four of the DOC trials reviewed, which 
involved third persons or pharmacist, and is of concern as most 
trials did not simultaneously report the individual responsible for 
allocation generation and/or implementation (69%).

11 Blinding

Blinding is a technique commonly implemented in clinical trial 
research to improve the signal-to-noise ratio between the interven-
tion and the outcome (the cause and effect relationship, i.e., inter-
nal validity). For example, when the subject is not aware of the 
intervention, they are less likely to be influenced to change their 
behavior; that is, they will less likely use another intervention, or be 
less motivated and potentially dropout when knowledge of placebo 
is present. The same can be said about interventionist, as knowl-
edge of the intervention can hinder their unbiased performance for 
caring or evaluating a subject.

Traditionally, blinding is divided into single blind, double 
blind and triple blind. Respectively, these terms traditionally mean 
that the subject is blinded, the subject and the interventionist are 
blinded, or the subject, interventionist and the evaluator are 
blinded. However, in a meta-analysis with over 200 RCT 
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reviewing the agreement between the lexicon used and the descrip-
tion of the individuals blinded, there were over 20 different com-
binations to describe single blind, double blind and triple blind. 
For example, a single-blind study may have been considered as the 
subject blinded alone, the interventionist only blinded, or the eval-
uator only blinded. As in intention to treat analysis, the random-
ization procedure and other sections discussed in this chapter, 
effective communication of a concept is only achievable when there 
is consensus and consistency in the use of the terms used to encom-
pass an idea. Therefore, it is recommended, for DOC trials, that 
the blinded individual should be clearly stated.

Regardless, academically speaking the term single blind is gen-
erally used for phase II trials when it is not possible to blind the 
intervention (for example in a surgical procedure). For DOC trials, 
the subject’s awareness and vigilance is compromised to various 
extents; therefore, the family members or the caregivers should be 
blinded to the intervention, which brings up both ethical and 
methodological questions. Ethically, neuroimaging case reports 
have questioned the nature of VS and MCS subject awareness to 
external stimuli that can hinder if they are truly unaware to the 
intervention; how much this influences the outcome is uncertain 
[72]. In terms of methodology, should extra measures be taken 
around DOC subjects to not disclose the intervention? Are all 
DOC trials single-blinded? As seen in this review five trials were 
considered open label, which is questionable without description 
of how the researchers considered the subject’s awareness. Also, if 
subject and caregiver were blinded would that constitute enough 
persons to term the trial double-blind?

Respectively, there were 19 single blind studies in the present 
review. Double blind and triple blind trials are more commonly 
used for phase II and phase III studies. Unfortunately, once again 
the term double blind has become more of a placeholder than an 
actual action in clinical trial research; nonetheless, when the terms 
are used correctly evidence suggest that the estimated effect sizes 
are less exaggerated [73]. In the studies included in this review, 
55% of the double-blind trials did not clearly describe the blinded 
individuals. Considering the previously mentioned, this highlights 
a problem with how blinding is interpreted in DOC trials, how it 
is described when constructing the trial and how it is reported. 
This needs to be addressed, as it constitutes part of the construct 
validity of a trial.

Therefore, the authors of this chapter reiterate that it is of 
more use in designing a trial to clearly state the subjects that will be 
blinded than using traditional blinding terminology, including the 
DOC subject regardless of their state of consciousness.

Anthony O’Brien et al.



95

12 Adherence and Informed Consent

Adherence is defined as the degree to which a participant follows 
the directives provided by the clinical researcher [74]. In DOC, 
this is less of a direct issue, and becomes a problem associated with 
a participants’ proxy. Therefore, when designing a clinical trial for 
DOC, the researcher must be aware of the local regulatory laws 
governing clinical research in nonautonomous participants, as 
much as the institutions terms. Various aspects to consider would 
revolve around if emergency consent acceptable, if next of kin or a 
legal representative is required a priori (or a posteriori to emer-
gency consent), the number of times a proxy should be contacted 
before using an emergency consent, and if the participant regains 
consciousness when and how is the best procedure to ask for con-
sent. With the advent of technology, and its exponential progres-
sion, the concept of consent is almost certainly going to be adapted 
to include technology which bridges the gaps of communication 
seen in VS and/or MCS and should be of importance for research-
ers in the coming years [75].

13 Study Duration

In this section, the duration of the trial as well as the follow-up 
will be discussed. As many trials investigated the outcome or 
survival of DOC patients, follow-ups are of high importance for 
these studies.

Treatment duration was considerably dispersed, ranging from 
1 day to 6 weeks of treatment (Refer to Graph 7). More than 70% 
of the trials were performed either using a single intervention (i.e., 
drug or surgery) or with an intervention that lasted 1 week. Only 
14 out of 70 trials assessed the effects of longer interventions. This 
highlights the difficulty of long-term follow-up of these patients as 
well as the natural evolution of the disease. Indeed, studies includ-
ing acute patients may face two problems: patient’s death or natu-
ral recovery, which can bias the results of a treatment. Studies 
assessing the effect of treatment for several weeks were mainly per-
formed on chronic patients with DOC. This circumvents the bias 
of natural recovery, since chronic patients with DOC do not 
express more than slight evolution of their condition.

Concerning the phases, phase III studies were performed using 
either a single or a short-term (i.e., 1 day to 1 week) intervention. 
This may be explained since phase III trials require a high number 
of patients and longer trials face a high rate of dropout, which 
makes conducting phase III trials very complicated. The same 
observation can be made for phase II studies, even if the number 
of required patients is less demanding. In this review, phase I and 

13.1 Treatment 
Duration
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exploratory studies were of short-term duration which reflects the 
small sample size inherent to these trials.

Since most of the studies aimed to assess the recovery of patients in 
DOC, long-term follow-up is a crucial outcome. As shown in 
Graph 8, almost half of the trials reevaluated participants at 
6 months.

Note that three crossover trials assessed the outcome of patients 
at 6 or 12 months. In these cases, the aim was not to compare the 
difference in outcome of the two treatments, but rather to evaluate 
the safety of the active treatment [27, 76].

Together with the overall short intervention duration previ-
ously discussed, 40% of trials did not perform any follow-up. This 
is of concern in chronic settings, since treatments can be applied 
for several months before there may be a discernible response.

14 Limitations

Interestingly, articles reporting limitations had the same amount of 
positive outcomes as compared to those that did not report any 
limitations. On the other hand, trials describing limitations were 
published in journals with higher impact factor (mean of 3.5, com-
pared to 2). This observation highlights the importance of report-
ing limitations of a trial to publish it in a high impact factor journal. 
Indeed, they can help explain the nature of the result but also give 
insights and directions for future clinical trials. Note that 34 arti-
cles (48.5%) did not report any limitation in their discussion.

The most frequent limitation reported was small sample size 
(n = 16), nonhomogeneity in sample distribution (n = 10), lack of 
follow-up to assess the long term effect of the treatment (n = 6), 
absence or issue of blinding (n = 6) or study bias (i.e., no placebo 
group), acute patients included with potential natural improve-
ment not related to the treatment, heterogeneity of the population 
or absence of direct assessment (n = 5). Other studies referred also 
to: lack of neuroimaging assessment, dropout, nonsensitive scales 
sued or statistic issues.

There was a high variability in the way authors explained the 
limitations. For half of them, limitations were only reported, while 
for the other half, limitations were explained and solutions pro-
posed for future studies. As it is almost impossible to avoid all limi-
tations, it is recommended that to clearly report all limitations and 
explore hypotheses and suggestions to circumvent them in future 
clinical trials.

13.2 Follow-Up 
Duration

Disorders of Consciousness



98

15 Conclusion

The overarching goal of this review was to contextualize the meth-
odological approach of the 100 most cited articles in 
DOC. However, the limited number of studies published exclu-
sively on DOC hindered this approach. Consequently, the search 
was expanded to the last 20 years of research, and articles related 
to DOC or precisely on DOC were appraised. Only 70 relevant 
clinical trial articles were retrieved, of which only nine were about 
VS and/or MCS participants; underscoring the gap of clinical trial 
research in DOC, as confirmed by Fins et al. [4]. Despite the 
increase in publications over time in DOC, comparatively to other 
pathologies the growth is still scarce (Refer to Graph 3).

Noteworthy characteristics uncovered in this chapter include 
the following:

●● Articles that were published in CONSORT endorsing journals 
were published and cited more than studies which did not; 
despite there being more journals which did not endorse 
CONSORT.

●● Most trials were parallel, phase 2, single-center, drug trials. 
This reflects the contemporary novelty in DOC research, but 
also demonstrates the demand for larger phase III trials, which 
can reflect the heterogeneity of DOC better.

●● Nonetheless, for negative phase II trials, it is worth reviewing 
aspects such as the idiosyncrasies of the sample population 
studied, the time of onset of the disease, the parameters of the 
intervention (e.g., frequency of doses, site of administration, 
etc.); to consider new hypothesis around the trials negative 
outcome in comparison to positive trials.

●● Crossover design may be of particular use for chronic VS/
MCS studies, while it seems less feasible if the population of 
interest is an acute setting.

●● To evaluate consciousness on screening or at bedside, a large 
number of trials used GCS; this is not recommended. The 
CRS-R should be used, as it is the most sensitive scale to assess 
patients with DOC nowadays. If it cannot be used then the 
WNSSP, followed by the CNCS is recommended. Personnel 
should be trained accordingly, and also the scales should be 
applied at the same time, at different hours, by two indepen-
dent researchers daily. Another alternative, is the FOUR (Full 
Outline of Unresponsiveness [77]). This scale, is easy and 
quick to perform, such as the GCS, but has the advantages to 
test the brainstem reflexes and, most importantly, it assesses 
the visual pursuit, which can detect a locked-in syndrome and 
is also one of the first sign of consciousness that patients with 
DOC recover [3, 78].

Anthony O’Brien et al.



99

●● Only 20% of the trials evaluated the effects of long-term inter-
ventions. For interventions that may be used in rehabilitation 
or chronic stages, protocols with a longer duration are needed.

●● Follow-up is an essential part of long-term evaluation. This can 
be achieved using the same outcome for the direct effect or, 
using scales such as the GOS/E.

●● To evaluate the long-term outcome of a treatment, 1, 3, and 
6 months follow-up are recommended as minimum follow-up 
points.

●● Most of the behavioral scales are ordinal in nature, and as such 
should be evaluated with nonparametric approaches. For effect 
modifiers, and additional covariates, logistic regression is an 
adequate alternative, though some studies did use generalized 
mixed models.

●● Almost 70% of the studies did not report any sample size cal-
culation. This is really problematic, as the number of patients 
included can highly influence the outcome of a study.

●● The method of randomization was unclear in 63% of the trials. 
Regardless of the paper, all articles should explicitly explain the 
method of randomization used. Randomization by fixed days, 
months, or doctor, is NOT a method of randomization, and 
should not be used.

●● Stratification can be a very useful technique to consider in 
larger phase III trials, due to the heterogeneity inherent in the 
DOC population. For example for the age group it can prove 
to be very useful, due to variation in cortical activity according 
to age.

●● Blocking can be more useful for smaller phase II trials, since 
these trials are more homogenous.

●● Almost 70% of the studies did not report who was responsible 
for allocation generation and/or implementation. This is a ter-
rible mistake as it reduces the internal validity of the study, 
since it opens the possibility of the random sequence allocation 
being disclosed. For allocation generation and implementa-
tion, the use of an automatic, interactive voice response system 
is a good and feasible middle ground for future trials.

●● Blinding terminology should not be a priority, instead ALL the 
personnel who were blinded must be described, for example: 
“[…] the patient, family members, interventionist, evaluator 
and statistician were all blinded to the intervention. For this rea-
son the trial was triple blind […]”

●● It is important to note that, even if patients with DOC are 
though unconscious, due to the high rate of misdiagnosis [7], 
they need to be blinded too.

Disorders of Consciousness



100

●● The method of concealment of the intervention should be 
clearly described also.

●● An additional general recommendation is to include the pre-
cise description and delineation of the primary outcome, co- 
primary outcomes and secondary outcomes. Also the exact 
statistical tests should be described for these outcomes; it is not 
enough to say for example “[…] for continuous variables t-test 
was used […]”, rather “[…] the primary outcome CRS-R, an 
ordinal variable, was dichotomized and analyzed using Fisher’s 
exact test […]”

The authors of this chapter hope that the aforementioned take 
home points and the other aspects reviewed can contribute to the 
improvement of future clinical trial design in DOC, or at least pro-
vides a brief methodological panorama on DOC clinical trials, with 
the end purpose of highlighting that there is still much work to be 
done.
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Abstract

Traumatic brain injury (TBI) is one of the leading causes of disabilities and young adults’ death. Considering 
all the challenges faced in research involving this field, this book chapter analyses the 100 most cited TBI 
trials in order to provide methodological recommendations for designing future trials in TBI. A literature 
review of 100 most cited clinical trials in TBI between 2010 and 2015 was conducted using the web 
engine: Web of Science. Based on the CONSORT guidelines, a comprehensive discussion of the main 
findings is provided as to guide and help investigators in this field to design TBI clinical trials.

Key words Traumatic brain injury, Research, Review, Trauma, TBI

1 Introduction

Traumatic injuries are responsible for more than five million deaths 
worldwide annually and traumatic brain injury (TBI) is one of the 
leading causes of disabilities and young adults’ death. It is esti-
mated that 1.7 million cases of TBI occur each year in the United 
States [1]. From those cases, according to the American Association 
of Neurological Surgeons, ~50,000 people die annually [2]. Even 
those with classified “mild” head injuries according to the Glasgow 
Outcome Scale suffer disabilities and impairments, 25% do not 
return to work and 84% have problems 1 year after the injury [3]. 
The Glasgow Outcome Scale (GOS) consists of five outcome cat-
egories: good recovery (able to work or go to school and live inde-
pendently), moderate disability (able to live independently, but not 
able to return to work or school), severe disability (can follow 
commands, but not live independently), persistent vegetative state 
(in an unresponsive state and cannot interact with the environ-
ment), and death [4]. This global scale for functional outcome is 
commonly used to rate patient status after a traumatic brain injury.

TBI is characterized as an injury caused by external trauma. As 
a result, anatomical lesions of the skull, such as a fracture or tear in 
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the scalp, can lead to functional impairment of the meninges, brain, 
or their blood vessels. The level of impairment is divided based on 
its intensity: mild, moderate, and severe. This classification is usu-
ally defined by the Glasgow Coma Scale (GCS), which includes a 
patient’s eye opening as well as verbal and motor responses [5]. 
Depending on the severity, brain disorders can cause either momen-
tary or even permanent physical and neuropsychological (cogni-
tive, behavioral, emotional) deficits [6]. Due to the burden that 
TBI can cause to families and patients, further research is still 
needed to develop better treatment methods for this disorder.

There are several challenges related to TBI clinical trials, such 
as protocols with a strict enrollment criteria, that hinders the gen-
eralizability of the results [7]; small sample sizes, which may affect 
the study outcomes [3, 7]; and heterogeneous TBI patient charac-
teristics that make hard to delimitate an effective intervention for 
research studies [7, 8]. In addition, there are some logistical obsta-
cles such as short study windows in several clinical trials for acute 
TBI studies, which make recruitment and implementation of the 
treatment difficult as certain types of treatments need to be imple-
mented within a specific therapeutic window in order to be effec-
tive; lack of funding for TBI research, as compared to more 
well-known conditions, such as cancer and heart disease [3]; and 
the inaccuracy of Glasgow Coma Score (GCS) [3], which is often 
used to classify TBI patients in most clinical trials and does not 
capture all the possible injuries that could be noticed with the 
Glasgow Outcome Scale (GOS), for instance [7]. However, 
although GOS may provide more information regarding the 
patient, it still does not qualify all the multidimensional symptoms 
of TBI patients as even the extended version is not sensitive to dif-
ferences in performance for those with high-scores: e.g., milder 
brain injury [7].

Considering these challenges, the main objective of this chap-
ter is to contextualize and analyze the 100 most cited TBI trials, in 
order to provide methodological recommendations for designing 
future trials in TBI.

2 Methodology

A review of the literature was conducted through the Web of 
science database by searching the keyword “Traumatic brain 
injury” in the articles’ title. Eligible studies were identified accord-
ing to document type, “clinical trial,” and year of publication 
(2005–2015). Unlike other chapters of this book, the search times-
pan for TBI was increased from 5–10 years since the initial idea did 
not yield an ideal number of articles that had a high quality and 
met the inclusion/exclusion criteria. In addition, this review 
included prospective observational studies and clinical trials. A few 

Ana Luiza C. Zaninotto et al.



107

articles were excluded if they were not available in English or if 
they corresponded to a book chapter.

After the search completion (October 2015), a total of 444 
articles was obtained, from which 300 were excluded. As to define 
the 100 most cited articles, they were sorted from a descendent 
citation order, highest to lowest. Consequently, from 144 articles, 
44 were excluded. All the process is represented by Fig. 1, which 
summarizes the methodology strategy.

3 Overview

After defining the articles that were to be included in this review, 
data was collected and organized in a table based on the CONSORT 
2010 criteria. The articles were then characterized according to 
different features: publication year, number of citations, impact 
factor and whether the journal complied with the CONSORT cri-
teria or not (Table 1).

As outlined in the Table 1, the majority of the articles were 
published from 2005 to 2009 (77%) while the remaining 23 were 
published in a 5-year interval (2010–2015). This numbers may 
reflect a significant decrease in published articles related to 
TBI. The number of citations, on the other hand, had a wide dis-
tribution range from 21 to 307, with the highest concentration of 
articles (44%) between 20 and 30 citations. In regard to the impact 
factor, it could be noticed that only 11% of the articles were 

Articles organized in a descendent 
citation 

order: n=144

Excluded n=44

Articles included: n=100

Initial search of the Web of Science
Database in October of 2015: n=444

Excluded n=300

Fig. 1 Flowchart of the TBI clinical trials search
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Table 1 

Number of publications related to clinical trials in TBI per variable 
selected

Year 2005–2007 41
2008–2009 36
2010–2015 23

# of Citations 20–30 44
31–50 27
51–75 11
76–100 8
100+ 10

Impact factor 1–2 19
>2–3 30
>3–4 27
>4–20 13
>20 11

Consort criteria Yes 44
No 56

published in journals with an impact factor >20, while most of the 
other journals presented an impact factor between 2 and 4 (57%).

Overall, the trials assessed different interventions, including 
drugs, procedures and devices. Interestingly, there were a larger 
number of trials evaluating effects of procedures and devices, in 
comparison to drug trials. Differences were also observed in regard 
to the study design of each study. A two parallel-arm design cor-
responded to the most applied one, followed by three parallel-arm 
design. Lastly, the wide majority of the 100 most cited articles in 
TBI were randomized clinical trials (RCTs), accounting for 84%, 
while only 6% corresponded to open-label studies with no random-
ization. Please refer to Table 2 to see general characteristics of all 
included articles.

4 Trial Design

Experimental designs can be described according to different char-
acteristics, especially when it comes to adopting an intervention as 
to manipulate a certain condition. An experimental trial intends to 
exert control over most threats to internal validity, providing the 
strongest evidence for causal relationships [9]. This section of the 
chapter discusses the use of different trial designs in TBI studies, 
including parallel-arm, crossover, and factorial designs, also con-
sidering the use of quasi-experimental design. Interestingly, RCTs 
were the most common type of study identified in the articles. This 
type of clinical trial allows investigators to directly compare an 
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intervention against either a control group or other interventions. 
As randomization avoids imbalances between groups, RCTs also 
allow researchers to draw conclusions about the cause–effect rela-
tionship between independent and dependent variables.

The majority of the RCTs had a parallel-arm design (n = 92), 
usually comparing subjects that received an intervention to a con-
trol group. Among these trials, 79.3% used a two-arm design, 
while only 18% chose a one-arm or three-arm design. As an exam-
ple, Temkin et al. [10] assessed whether magnesium infusions have 
favorable effects in patients after TBI by using a two-arm parallel 
design, in which the intervention was compared to placebo. 
Furthermore, fewer clinical trials chose to use a crossover design, 
accounting for 7%. This type of design is extremely useful when 
testing interventions, as the participants are used as their own con-
trol, increasing the validity of results. Crossover trials in TBI mostly 
compared the effects of pharmaceutical drugs against placebo, 
while fewer studies evaluated effects of specific procedures. For 
instance, a study of Couillet et al. [11] assessed the effectiveness of 

Table 2 

General trial characteristics of TBI articles search (n = 100)

Characteristic of the trial
Number of 
articles

Phase Phase 1 9
Phase 2 26
Phase 3 5
Exploratory 27
Pivotal 33

Arms Two parallel arms 72
Three parallel arms 6
Four parallel arms 2
Factorial 1
Crossover 9

Study design RCT 83
Observational 4
Quasi-experimental 13

Sample size 0–25 28
26–50 22
51–100 24
101–500 23
>500 4

Type of intervention Drug 40
Device 3
Procedure 57
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a rehabilitation program for divided attention after severe 
TBI. Another example of crossover design includes a study of Jha 
et al. [12], which aimed to evaluate the efficacy of modafinil in 
treating fatigue after TBI in comparison to placebo.

Additionally, among the 100 articles, only one of them 
reported a factorial design study (2 × 2), which investigated the 
effects of erythropoietin and two different hemoglobin transfusion 
threshold (7 and 10 g/dL) on neurological recovery after TBI. In 
this trial, the comparisons were also made against placebo [13]. 
The lack of factorial design trials in TBI needs to be highlighted. 
Although this type of design allows the comparison of different 
interventions in a same study, it usually requires additional resources 
and can be more time demanding, which is possibly a justification 
for its small application in TBI studies.

Although RCTs are considered the gold standard in terms of 
scientific evidence, randomization is not always possible in numer-
ous circumstances. Accordingly, 17% of the reviewed articles cor-
responded to non-RCT trials. Among these, quasi-experimental 
studies accounted for 2%.

Clinical trials are designed and classified according to the type of 
intervention being tested and to the study goals. For trials evaluat-
ing the effects of drugs, the stages are referred to as phases I, II, 
III, and IV. On the contrary, for device and procedure trials, the 
stages are classified into feasibility, pivotal, and postmarketing stud-
ies. For this reason, the discussion of phases in TBI trials of differ-
ent interventions will be conducted separately.

The phase of a study indicates in which stage the trial currently 
is and it is mainly determined by the sample size and the objective 
of the study (see below in the drug and procedure/device sections) 
[14]. The bigger the data on safety, efficacy, dose kinetics and side 
effects, the bigger the possibility to develop a more complex trial 
phase. For instance, phase IV trials are the ones conducted for 
assessing drugs that have already been approved by The Food and 
Drug Administration (FDA), thus being in a pharmacovigilance 
status (post marketing surveillance). The Food and Drug 
Administration (FDA) classification is used to determine the phase 
of drug [15] and device trials [16]. This system was also adapted 
to include procedure studies.

Among the 100 most cited clinical trials, 41% evaluated the effects 
of drugs, based on the US Food and Drug Administration classifi-
cation system [15] (Graph 1). The interventions related to the 
phase I trials mostly included cyclosporin A, progesterone, glyce-
mic control, and methylphenidate. The reason for that is that most 
of the drugs tested in TBI have been tested in other conditions 
thus have been cleared in previous phase I trials. In addition, 89.2% 
of the drug trials corresponded to phase II, while only 12.2% 

4.1 Phases of TBI 
Trials

4.1.1 Drug Trials
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corresponded to phase III studies. A few studies did not have the 
typical parameters of either a phase I or II. This can be explained 
by the fact that although they had a typical sample size or trial 
duration of a phase I trial, their primary aim was to evaluate effi-
cacy rather than safety. In these cases, the studies were classified 
based on their aim instead of sample size or trial duration, as the 
goal to measure efficacy was also reflected in the trial’s primary 
outcome. Lastly, there were no phase IV studies among the 100 
most cited articles (Graph 2).

Experimental studies of device and procedure accounted for 44.1% 
of the most cited trials in TBI. Among these, a number of 26 trials 
corresponded to feasibility studies, which usually have the goal of 
early evaluate devices/procedures for providing proof of principle 
and initial clinical data on safety [16]. As an example, a study of 
Cooper et al. [17] had the main goal of evaluating the feasibility of 

4.1.2 Device 
and Procedure Trials

41%

59%

Drug trials

Device/Procedure
trials

Graph 1 Frequency of trials according to the type of intervention

4.8 0
0

10
20
30
40
50
60
70
80
90

Phase I Phase II Phase III Phase IV

Fr
eq

ue
nc

y 
of

 T
ria

ls

Study Phase

82.9

12.1

Graph 2 Frequency of the phases in TBI drug trials

Traumatic Brain Injury



112

decompressive craniectomy surgery in patients with diffuse TBI 
and refractory intracranial hypertension. A study published in 
2009, which aimed to understand the acute effects of packed red 
blood cell transfusion on cerebral oxygenation and metabolism 
after TBI, is also another example of feasibility trial [18]. This type 
of study design is extremely necessary for improving and making 
device modifications, also for refining and optimizing techniques. 
Considering that numerous devices and procedures under investi-
gation may potentially change the prognostic of patients with TBI, 
the large number of feasibility trials is coherent and comprehensi-
ble (Graph 3).

Pivotal trials, which corresponded to 55.9% of device and pro-
cedure studies, are mainly designed to test effectiveness and mea-
sure adverse events involved with a procedure or device in larger 
sample sizes (over 50 subjects). Among these trials, two had 48 
[19] and 49 subjects [20], but were classified as pivotal, as their 
sample size was close to the cut-off point. Sixteen out of the 
device/procedure trials (27.1%) were related to some type of reha-
bilitation program or behavioral intervention, such as problem 
solving training [21], attention training [22], or music therapy 
[23]. Also, other 16 studies reported medical procedures, such as 
paramedical intubation vs. hospital intubation [24], decompressive 
craniectomy [17, 25–27], and hypothermia [19, 25, 28, 29].

5 Population

The main eligibility criteria of the selected trials were age, severity 
of injury, injury duration, and admission status (in/out-patient). 
We reviewed the 100 most cited articles in which TBI was the main 
neurological condition on investigation; however, there were two 
atypical cases worth mentioning. For instance, the study of 
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 Katz-Leurer et al. assessed children with cerebral palsy and TBI 
[30], and O’Brien et al. assessed multiple sclerosis and TBI [31].

In order to classify the articles according to age, the normalized 
aging classification in the USA was used: children (under 12), ado-
lescents (13–17), adults (18–65), and seniors (over 65). As shown 
in Graph 4, most trials included adolescents and adults in their 
sample. The lack of studies involving a younger population might 
be related to ethical or logistic concerns.

The Glasgow Coma Scale was used in 71% of the studies to assess 
the severity of the trauma. Computed Tomography and time of 
Post Traumatic Amnesia were also used as a classification for trauma 
severity. Other types of classification were also reported: Injury 
Severity Score, Disability Rating Scale, Rancho de Los Amigos, 
Neurobehavioral Cognitive Status Examination, DoD Health 
Affairs criteria, Barthel Index, Rivermead Behavioral Memory Test 
severity scores, and classification of the American Congress of 
Rehabilitation Medicine-Head Injury Interdisciplinary Special 
Interest Group to “mild” trauma definition. Graph 5 represents 
the distribution of the studies and the criteria used to assess the 
trauma severity.

Interestingly, most of the trials (71%) included either severe or 
moderate to severe TBI patients. Also, 22% of the studies did not 
report TBI severity or the criteria applied for assessing it during 
enrollment. For the distribution of TBI severity in the studies, see 
Graph 6.

The majority of the studies (56%) enrolled patients during the post 
trauma acute phase, during hospitalization or while patients were 
in the Intensive Care Unit (ICU). Six studies assessed patients dur-
ing the hospitalization stage while in a sub-acute phase, and the 

5.1 Age

5.2 Severity 
of the Trauma

5.3 Stage 
of the Trauma
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Graph 4 Distribution of the number of studies and enrolment age for the eligibility criteria
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follow-ups were performed during an ambulatory setting. One 
third of the studies (35%) assessed patients in a chronic stage of the 
trauma. Graph 7 shows the distribution of the patients according 
to the stage of trauma during the randomization phase.

Thirty percent of the 100 most cited clinical trials in TBI 
reported the assessment of outpatients while 60% of the studies 
were related to inpatients. From all the outpatient assessments, 
50% were related to behavioral or cognitive rehabilitation and the 
remaining ones were related to drug treatment, medical proce-
dure, or device. On the contrary, studies that included inpatients 
were related to acute TBI and mostly assessed decompressive cra-
niectomy, hypothermia, insulin therapy, among other pharmaceu-
tical interventions. Graph 8 represents the admission status of the 
patient during the study setting.
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6 Adherence and Recruitment

In this review, the large rate of adherence in several trials was 
related to the assessment of inpatients. Regarding the trials that 
presented an adherence rate larger than 80%, 44 of them assessed 
TBI during hospitalization, whereas only nine trials were related to 
outpatients during a chronic stage. Even in these trials that had 
many follow-up visits, the adherence rate was satisfactory.

On the other hand, some trials reported lower adherence of 
participants than expected. One of these studies, for instance, 
investigated a dopamine agonist in low-response children with 
severe TBI [32]. Of the 25 children recruited, only ten completed 
the trial. Likewise, another study reported a loss of 50% of their 
patients during the trial due to death [33]. Table 3 shows the 
adherence and recruitment rates of the 100 articles reviewed in 
this chapter.

3%

35%

56%

6%

acute phase (<72 hours
after the trauma)

subacute stage (8 days 4
weeks after the trauma)

chronic phase (4 weeks to
87 months post trauma)

not well defined

Graph 7 Distribution of the trials according to the stage of the trauma at the time 
of enrollment

30%
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inpatients

outpatients

not specified
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Graph 8 Distribution of the studies related to the admission status of the patient 
during the study setting.
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Ninety percent of the articles did not report any methods to 
improve adherence. However, five out of the ten remaining trials 
that reported this information mentioned the telephone or mail 
contact as to ensure patient’s adherence to the study [17, 34–36]. 
For instance, one of the studies mentioned that if the subject did 
not complete all the assessments, the researchers would at least 
follow-up by telephone to collect the remaining necessary infor-
mation [36]. Other techniques included changing the trial design 
to broaden the inclusion criteria [19]; using online training ses-
sions; contacting multiple times for reminders/collecting data; 
opting for no randomization to increase adherence and benefit for 
patients; and having weekly meetings to monitor adherence. 
Although it is expected that open label trials increase adherence 
rate, this did not happen in all the cases. In this review, out of all 
the nine one-arm studies (where all participants/groups received 
study treatment), six of them had an 100% adherence rate. Despite 
that, three other trials reported a 77% [37], 67% [38] and 54% 
[39] adherence rate, respectively.

Based on the articles that did not directly report adherence 
methods (90%), there were still some noteworthy characteristics as 
many of the studies used ICU or inpatient care. Consequently, 
researchers were able to easily assess patients, as little to no effort was 
required from the patients to attend the appointments. In another 
study, a pilot trial designed to measure feasibility, although there 
were no reported methods used to improve recruitment in that 
study; these methods were employed in a later stage of the trial.

7 Interventions

The interventions of the included TBI trials were divided into two 
categories: Drug trials, which assessed the effects of pharmaceuti-
cal drugs; and procedure and/or device trials, related to behavioral 

Table 3 
Rate of adherence and recruitment in the reviewed trials

Rate of adherence N of trials Rate of recruitment (enrollment/screened) N of trials

<50% 1 0–20 11

50–70% 7 >20–40 12

>70–80% 10 >40–60 13

>80–90% 16 >60–80 6

>90–100% 38 >80 11

Not reported or N/A 28 Not reported or N/A 47

Total 100 Total 100
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or medical procedures, such as rehabilitation, cognitive training, 
hypothermia, and surgery. The results were analyzed according to 
the study phases: I, II, III, exploratory, or pivotal studies.

As the treatment of TBI is still an ongoing debate, given the amount 
of possible therapies that are being tested, the chosen interventions 
in most clinical trials were also heterogeneous. However, after ana-
lyzing the 100 most cited articles in this field, it is possible to notice 
a pattern. From all drug trials, 32 compared the drug under inves-
tigation to placebo (78%). For instance, Write et al. [40] compared 
progesterone to placebo while Temkin et al. [10] administered 
magnesium to one group and placebo as a control.

A few studies also compared dosage. Vespa et al. [41], in their 
crossover trial, compared tight (80–110 mg/dL) vs. loose (120–
150 mg/dL) glycemic control in patients with severe traumatic 
brain injury. In addition, Ashman et al. [42] combined dosage 
with placebo. They compared sertraline in doses starting at 25 mg 
and increasing to therapeutic levels (up to 200 mg) Vs. placebo. 
Kraus et al. [43], however, administered only one drug 
(Amantadine) in their open label trial. A few trials (n = 4) also 
compared two drugs. For example, Patrick et al. [32] compared 
pramipexole (Mirapex) to amantadine (Symmetrel) and Billota 
et al. [44] compared conventional insulin therapy vs. intensive 
insulin therapy.

Regarding each phase, phase I drug trials mostly assessed the 
effects of cyclosporin (n = 4), antibant (n = 1), methylphenidate 
(n = 1), glycemic control (n = 1), prostacyclin (n = 1), and proges-
terone (n = 1). Among all the phase II trials, the most used drugs 
included albumin fluid (n = 1), amantadine (vs. pramipexole or vs. 
placebo) (n = 4), bromocriptine (n = 1), creatine (n = 1), erythro-
poietin (n = 1), growth hormone (GH) replacement therapy 
(n = 1), hypertonic saline-dextran (vs. normal saline) (n = 2), 
intensive insulin therapy (vs. conventional insulin therapy) (n = 3), 
methylphenidate (n = 2), modafinil (n = 2), N-Acetyl Cysteine 
(NAC) (n = 1), progesterone (n = 2), rivastigmine (n = 1), rosuv-
astatin (n = 1), and sertraline (n = 1).

Finally, as mentioned before, phase III trials (n = 5) were 
mostly related to moderate and severe inpatients. All the interven-
tions related to drugs were administered in a hospital setting and 
mostly consisted of saline-hypertonic [45], infusion of traxprodil 
[46], dexanabinol [47], magnesium [10], and citicoline [48].

Relating to feasibility (n = 27) and pivotal studies (n = 33), three 
of them were related to devices, which included deep brain stimu-
lation, discrete cerebral hypothermia system (the cooling cap) and 
hyperbaric oxygen. Also, all these studies were compared to sham 
condition. Medical procedures (26%), on the contrary, were related 
to those administered in a hospital setting while behavioral 

7.1 Drug Trials

7.2 Procedure 
and Device Trials
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procedures (31%) referred to rehabilitation, cognitive training, and 
exercises in both inpatients and outpatients.

Among the trials that involved procedures, all of them (n = 26) 
were conducted with patients in a hospital setting. From these 
studies, nine were related to hypothermia, followed by those 
related to decompressive craniectomy (n = 5). Considering hypo-
thermia, four studies assessed hypothermic treatments for the pedi-
atric population and five chose to evaluate hypothermia in adults or 
elderly patients. Additionally, a few studies that assessed decom-
pressive craniectomy compared this procedure with standard care 
(n = 3) or compared a limited type of craniectomy with standard 
treatment (STC) (n = 2).

Studies involving medical procedures (n = 8) also assessed 
monitoring intraparenchymal intracranial pressure (pressure-mon-
itoring group) vs. imaging and clinical examination group (n = 1) 
[49]; hyperbaric oxygen vs. normobaric hyperoxia vs. standard 
care (n = 1) [50]; paramedic rapid sequence intubation vs. intuba-
tion in the hospital (n = 1) [24], red blood cell transfusion (n = 1) 
[18]; normobaric hyperoxia (n = 1) [33]; bone marrow-derived 
mesenchymal stromal cells (n = 1) [51]; transpyloric feeding vs. 
gastric feeding (n = 1) [52]; and intravenous administration of 
6 × 106 autologous BMMNC/kg body weight (one arm study) 
(n = 1) [53].

The trials related to behavioral procedure (n = 31) presented 
more heterogeneous designs, thus the interventions varied accord-
ingly. The most applied interventions were cognitive training and 
problem-solving program (n = 14), followed by interdisciplinary 
rehabilitation program (n = 7), psychotherapy (n = 2), family care 
intervention (n = 2), telephone support (n = 2), reminders on 
mobile phone (memory aid) (n = 1), paging system intervention 
(n = 1), music therapy (n = 1), and community intervention (n = 1).

8 Outcomes

The primary outcome distribution was similar between both drug 
and procedure/device trials. On the other hand, the frequency of 
clinical primary outcomes was greater than surrogate endpoints. 
Besides that, a few studies worked with both clinical and surrogate 
outcomes. As an example, Zhao et al. [54] analyzed arterial blood 
glucose, lactic acid, and neurological deficits (indexed by the Glasgow 
Outcome Scale) as primary outcomes when comparing hypothermia 
with normothermia for the treatment of patients with TBI. Graph 9 
shows the distribution of primary outcomes between the trials.

In numerous studies, the identification of the primary out-
come was challenging, as it was not often explicitly stated. In these 
cases, an analysis of the variables listed in the results, study hypoth-
eses, article title and abstract was performed in order to clearly 

8.1 Primary 
Outcomes
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determine the primary outcome. Yet if it was not possible to tell 
which outcome(s) were primary, they were labeled as “not clearly 
defined.” Also, in two specific trials, the investigators used a com-
posite measure [10, 55] that analyzed various types of assessments, 
so they were classified differently than the other studies. Table 4 
summarizes the number of studies reporting the different catego-
ries of primary outcome according to study phases.

As expected, most phase I studies used surrogate endpoints (n = 8) 
and only one reported a clinical outcome, which referred to length 
of stay in the ICU. Overall, the main surrogate endpoints included 
deoxy-d-glucose brain positron emission tomography; cerebral 
microdialysis and cerebral hemodynamic; cyclosporin A blood 
 concentration, indexed by HPLC ultraviolet detection; lactate 
pyruvate ratio; safety, tolerability and pharmacokinetics of Antiban 
and intravenous infusion of CsA; and steady-state serum progester-
one concentration. Four out of the nine phase I studies did not 
report nor evaluate a secondary outcome. However, four of the 
remaining trials did use surrogate endpoints to measure secondary 
outcomes, which included level of creatinine, platelets, hepatic 
function, white blood count, brain microdialysis, levels of bradyki-
nin metabolite in plasma and cerebrospinal fluid, cerebral perfu-
sion pressure, immunological evaluation and bacterial culture, and 
tissue histology.

As efficacy is the main goal of phase II trials (n = 26), most 
outcomes referred to clinical endpoints and only two studies used 
surrogate endpoints: rate of hypoglycemia [44] and intracranial 
pressure [56]. In trials that used mood end emotional symptoms as 
primary outcomes, researchers worked either with the Beck 
Depression Inventory [12], the Hamilton Depression Rating Scale 
[42], or both scales together [57]. Regarding cognitive assess-
ment, it was performed with CANTAB [58], Hopkins Verbal 
Learn Test [59], working memory and attention [60], WISC-III, 

8.1.1 Drug Trials
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Graph 9 Distribution of primary outcomes between drug and device/procedure trials

Traumatic Brain Injury



120

Trail Making Test, COWAT, and Stroop in young TBI patients 
[61]. Also, social and behavioral assessments were applied by the 
Fatigue Severity Scale and Modified Fatigue Impact Scale, daily 
sleepiness (Epworth Sleepiness Scale), maintenance of wakefulness 
[12, 57, 60, 62], and Community Integration Questionnaire [59]. 
Finally, both clinical and functional outcomes were investigated 
through the Glasgow Outcome Scale [13, 34, 40, 63, 64]. Four of 
the studies, which used the Glasgow Outcome Scale studies, per-
formed it in the pediatric population [32, 61, 65, 66].

From all the phase III studies (n = 5), four of them used 
Glasgow Outcome Scale Extended (GOSE) as the main outcome 
[10, 45–48] in moderate and severe adults or senior inpatients. 
Some of those studies used cognitive assessment and/or functional 
status as the outcome, as well as quality of life [10, 48].

To better understand how the authors selected their main out-
comes, instead of dividing the studies according to their phases, 
they were divided according to the type of intervention: behavioral 
or procedures. Regarding behavioral trials (n = 15), only one used 
a surrogate endpoint as primary outcome, which corresponded to 
body composition index and cardio respiratory responses [39]. On 
the other hand, 14 studies used clinical measurements as primary 
outcomes, which included mood end emotional symptoms, 

8.1.2 Procedure Trials

Table 4 

Number of primary outcomes in different study phases

Categories for primary outcome Phase I Phase II Phase III Exploratory Pivotal Total

Neuropsychological (cognitive and mood) 0 10 0 7 6 23

Biological 7 2 0 7 3 20

Physical performance or condition 0 0 0 3 0 3

Social or communication 0 0 0 0 0 0

Functional impairment/independence 0 8 3 3 9 23

Symptoms/adverse events 0 0 0 0 1 1

Satisfaction 0 0 0 0 0 0

Mortality 0 1 0 0 1 2

Status of employment/school/volunteer 0 0 0 1 1 2

Composite score 0 0 1 0 1 2

Sleep 0 2 0 1 0 3

Not clearly defined 1 1 0 2 1 6

Other 1 0 0 1 1 3

Mixed outcomes of categories above 0 2 1 2 9 12
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cognitive assessment, social and behavioral assessments, functional 
outcomes (such as total wake time, sleep efficiency, and diagnostic 
criteria) and quality of life. For instance, studies of Tiersky LA 
et al., Thaut MH et al., and O’Brien A et al. performed cognitive 
assessments by using the Paced Auditory Serial Addition Test 
(PASAT) and Attention tasks [23, 31, 67];

Based on the total number of medical intervention trials 
(n = 27), one-third of the studies (n = 9) used surrogate measures 
as primary outcome for assessing severe or moderate-to-severe 
patients during hospitalization. These surrogate outcomes included 
brain tissue oxygen [18, 33, 50]; serial C Spinal fluid [68], tem-
perature [69, 70], glutathione and antioxidant reserve [71], mes-
enchymal stromal cells/bone marrow; intracranial pressure ICP 
[28, 50, 72], Intracranial Pressure [19, 25, 28, 50, 72]; Brain tis-
sue PO2; Microdialysis. Nonetheless, most studies (n = 18) used 
clinical outcomes, such as cognitive assessment (mental status, 
working memory, information-processing speed, episodic memory 
and learning, verbal fluency, executive function, and motor dexter-
ity [49]; and Galveston Orientation and Amnesia Test [49, 73]; 
functionality scales (Disability Rating Scale [49], Post-traumatic 
Disorder Checklist-Military Version [73], Glasgow Outcome Scale 
[17, 24–26, 49, 74, 75], and Immediate Post-Concussion 
Assessment [73]; other clinical measures, such as survival and pedi-
atric logistic organ dysfunction [53]; Barthel Index [51]; Incidence 
of pneumonia [52]; Mortality [19, 49]; Arrhythmias [19]; 
Hemorrhage [19]; Coagulopathy [19]; and number of days in the 
ICU [49].

Several studies indeed reported at least one secondary outcome 
(77%). The most applied surrogate endpoints as secondary out-
comes included intracranial pressure, hypoglycemia, plasma con-
centration, and cerebrospinal fluid. For clinical outcomes, 
investigators mostly used length in ICU, adverse events, Glasgow 
Outcome Scale, and Disability Ranting Scale. In these trials, the 
Beck Depression Inventory, Anxiety symptoms, and Apathy Scale 
were also used to assess patients’ mood. Functional measurements 
and cognitive assessments were highly applied as well.

9 Sample Size

Sample size calculation is an analysis made a priori to collecting 
data in order to establish the required number of subjects to deter-
mine and detect a statistically significant difference for an interven-
tion based on an expected effect size. The smaller the effect size, 
the larger the required sample [9]. Lack of power in clinical trials 
can increase the risk of Type II error (β), consequently increasing 
false negative results, or increasing the probability of failing to 

8.2 Secondary 
Outcomes
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reject the null hypothesis. To avoid misinterpreting results and 
conclusions, it is suggested to be prudent and conservative in esti-
mating the effect size. Usually, most trials tend to assume β = 0.20, 
which corresponds to a power of 80% and represents a reasonable 
protection against Type II error [9].

Regarding the review, there was a relative balance between the 
trials. Nonetheless, most of them (74%) did not have a sample size 
larger than 100, which elucidates that most studies of TBI have a 
small to moderate sample size. Although it is fundamental to prop-
erly describe how the final sample size was obtained, 73% of the 
studies did not report this information. For the studies that did 
report the sample size calculation, it was observed that 11 trials set 
up the power as 80%. Eight trials described the same approach 
while accounting for dropouts and loss to follow-up, thus adjust-
ing their sample size calculation. For example, Hutchison et al. 
[76] reported their sample size calculation by adding a 10% rate of 
loss to follow-up. Yurkewicz et al. [46], on the other hand, stipu-
lated a loss of 7% of dropout rate. Cooper et al. [17] calculated 
their sample size and additionally performed an interim analysis. 
There were also some variations on the methods of calculating the 
sample size. Bulger et al. [45] and Robertson et al. [13] used ini-
tially a one-sided interim analysis with a power of 62.2% and then 
they performed a second test for futility using a 91% power. Other 
studies have chosen to use a 90% [77] or 95% [10] power, for 
example, to test for adverse event. Interestingly, only one study 
opted to use a 66.8% power of estimation [66].

10 Interim Analysis and Stoppage Criteria

The aim and design of a given study are usually what determine its 
stoppage criteria. Clear stopping rules allow the search for interim 
findings, which may lead to the termination or change of a research 
study. For instance, if researchers realize that a number of partici-
pants have experienced serious adverse events due to the interven-
tion, stopping the trial may be necessary. Considering that, 
stopping rules for phase II trials of serious diseases are extremely 
important, due to the high risk of complications.

In regard to the studies reviewed, ten of them reported the 
performance of interim analysis and stopped the trial earlier than 
expected. Interestingly, all those studies involved patients with 
severe or moderate-to-severe TBI during acute stages. Additionally, 
three trials reported an interim analysis for a Safety Monitoring 
Board Review, such as the study of Bulger et al. [45], which 
assessed whether out-of-hospital administration of hypertonic fluid 
improves neurological outcome after TBI [45, 46, 53]. Despite 
that, none of these studies had to be stopped earlier because of 
safety issues. Besides carrying about safety, two trials also 
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conducted an interim analysis for futility with significant level 
α = 0.15 and applied stoppage criteria for this purpose [13, 29]. 
Furthermore, in one of these two studies, investigators interrupted 
the trial if the interim analysis for futility showed less than a 20% 
chance of confirming the primary hypothesis [29].

Four studies designed an interim analysis using O’Brien-
Fleming boundaries, of which three were related to severe and one 
to mild-to-moderate TBI patients [24, 40, 49, 77]. In addition, 
some of the reviewed studies (n = 28) were related to procedure 
interventions during the acute stage of the trauma, such as crani-
otomy, hypothermia, and red blood cell transfusion. However, a 
large number of trials did not report the type of safety data board-
ing monitoring used or did not conduct safety interim analysis. 
Nonetheless, as most of the patients with TBI are in a severe and 
unstable state during hospitalization, it is recommended that safety 
monitoring is considered and well reported.

11 Statistical Analysis

As previously mentioned in chapter one of this book, choosing the 
most appropriate statistical test for the analysis of the primary 
 outcome (dependent variable) depends on several aspects such as 
data distribution (whether it has a normal or a skewed distribu-
tion), type of variable (continuous, categorical, ordinal), group 
comparison (between groups or within groups), and research ques-
tion (comparison of the scores, correlation, prediction, etc.).

In this review, the primary outcome, when surrogate, was usu-
ally measured as a continuous variable, as intracranial pressure, 
blood glucose, and temperature. In these cases which the depen-
dent variable was continuous and the comparison was between 
groups, the most used tests were t-test (paired or unpaired) and 
ANOVA, if the distribution of the dependent variable was normal. 
In case the data was not normally distributed (skewed), the 
Wilcoxon test or Kruskal–Wallis was performed. Also, it was 
observed that 26% of the studies used at least one of those tests to 
analyze the results. For multiple comparisons correction and post 
hoc analysis, the Bonferroni test and Tukey test were applied, 
respectively.

As a few authors dichotomized the outcome according to the 
score (>4 or ≤4) [45] or the level of recovery (“good or moder-
ate” versus “all other levels of recovery” [13, 40, 78], the statistical 
test also varied. In these cases, the chosen test was Fisher exact test 
or chi-square. Moreover, for studies that used GOS scores (con-
tinuous), the commonly used tests included Mann–Whitney or 
t-test [26, 45, 47, 63] and logistic regression for dichotomous 
outcomes [13].
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Only four studies reported the use of regression analysis, cor-
relation or survey analysis to investigate the primary aim of the 
study. In those trials, more than one primary outcome was ana-
lyzed. For instance, Rockswold et al. [50] investigated the effect of 
hyperbaric to normobaric hyperoxia on cerebral metabolism, ICP 
and oxygen toxicity in severe TBI. They used a mixed-effects linear 
model with fixed effects for treatment, time, day, and interaction 
between treatment and time. In terms of sensitivity analysis, only 
one study reported this element [76]. Graph 10 shows the fre-
quency of the statistical tests used to analyze the primary outcome 
of the studies.

Regarding the secondary outcomes, which frequencies are 
described in Graph 11, an exploratory analysis through descriptive 
statistics was also used. Interestingly, mortality was described as a 
secondary outcome in eight studies. In these cases, survival or pre-
vention were chosen to describe the intervention’s effect. This type 
of analysis is important to understand the prognosis and treatment 
effectiveness. In this review, four trials analyzed survival by Kaplan–
Meier Curves, two studies used Cochran–Mantel–Haenszel test 
and three used Cox proportional hazards model. Also, in some 
studies, mortality of patients was analyzed by chi-square test [76] 
or by Mann–Whitney U test [65].

The intention-to-treat (ITT) is a principle whereby data are 
analyzed according to the group assignments, regardless if subjects 
actually completed the study or not [9]. ITT analysis was used in 
28% of the trials included in this review and the remaining studies 
did not report the type of analysis. Furthermore, some studies used 
both ITT and per-protocol analysis. Per-protocol analysis is 
restricted to the participants who completed the treatment proto-
col where they were originally allocated. If done alone, however, 
this analysis may lead to bias.

Subgroup analysis is a statistical approach that involves splitting the 
participant data into subgroups in order to conduct specific com-
parisons between them. In this review, 12 studies used subgroup 
analysis to assess differences between groups, which reflects how 
common this type of analysis is in RCTs. According to Brookes 
et al. [79], subgroup analysis, especially exploratory subgroup 
analysis, can lead to potentially erroneous identification of sub-
group differences and affect conclusions if not conducted properly. 
However, the most common approach used to identify differences 
between groups was the analysis of covariance (ANCOVA). This 
statistical procedure is used to compare two or more treatment 
groups while controlling for the effect of one or more covariates or 
effect modifiers, based on the F statistic.

Brown et al. [80], for example, used ANCOVA to analyze dif-
ferences between the experimental and control groups. They con-
sidered six covariates: (1) pretest values on the outcome measures; 
(2) severity of ataxia; (3) level of functional independence; (4) gait 

11.1 Subgroup 
Analysis
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symmetry; (5) degree of trunk control; and (6) assistive device 
used. Moreover, Pearson correlation coefficients determined 
whether interrater reliability was acceptable or not.

12 Randomization

The randomization process is essential for controlling differences 
that may exist between the groups being compared. Ensuring a 
random assignment means that each subject has an equal chance of 
being designated to any group regardless of personal judgment 
[9]. It is considered one of the crucial characteristics of clinical tri-
als, as only randomization can truly attempt to determine cause–
effect relationships between the independent and dependent 
variables. In this review, 83% of the studies included sample 

Graph 10 Frequency of the different statistical tests used to assess primary outcomes

Graph 11 Frequency of the different statistical tests used to assess secondary outcomes
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randomization. The remaining 17% of the trials were nonrandom-
ized and corresponded to quasi-experimental or observational tri-
als. Out of the 40 drug trials, only two were nonrandomized 
open-label studies [37, 43]. Please refer to Table 5 for more details 
of randomization and blinding.

The randomization process should be conducted through a system 
that does now allow the prediction of the results by investigators, 
thus all patients would be assigned to an experimental group by 
chance. In this review, numerous trials (47%) did not report the 
method used for generating the randomization sequence. On the 

12.1 Randomization 
Sequence Generation

Table 5 

Distribution of randomization type, sequence and implementation method in TBI trials

Randomization sequence
Phase I 
(9/9)

Phase II 
(24/26)

Phase III 
(5/5)

Exploratory 
(18/27)

Pivotal 
(27/33) Total

Telephone 0 0 0 0 2 2

Computer 2 7 3 3 10 25

Not reported 4 15 0 10 10 39

Not clearly specified 0 1 2 1 0 4

Random number method/
number table

2 1 0 2 3 8

Not true randomization 1 0 0 2 1 4

Computer or phone 0 0 0 0 1 1

Type of randomization

Simple 0 3 0 0 1 4

Blocked (not stratified) 5 8 2 3 7 25

Stratified 0 8 3 2 11 24

Other 0 0 0 0 2 2

Not reported 4 5 0 13 6 28

Implementation of randomization
Not reported 8 18 0 14 17 57
Study staff 0 1 3 2 3 9
Pharmacy 1 4 1 0 0 6
Non-study staff/independent 

party/statistician
0 1 1 2 7 11

Concealment
Sealed envelopes 0 4 0 2 4 10
Identical appearance 2 5 3 0 0 10
Restricted assess 0 0 1 0 3 4
Not reported or specified 7 15 1 16 20 59
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contrary, 26 trials used computer-generated systems to perform 
the randomization and three reported the use of a random number 
method or table/list [60, 81, 82]. In addition, one multicenter 
trial used either a computer or telephone depending on the site 
location [74], while two trials used a telephone based randomiza-
tion sequence [17, 76].

A few other studies also referred to different randomization 
approaches such as a randomization system by a company called 
ALMAC [48] and a “randomly generated numeric code” [45]. An 
exploratory trial allocated the participants based on their admission 
sequence [83] and one pivotal trial determined the allocation 
sequence according to the day of the month (odd numbers received 
treatment and even control) [25]. Two studies reported the use of 
a randomized number table, but did not specify how the tables 
were generated [67, 84].

Finally, there were a few randomization methods described 
that, in fact, do not qualify as a true random sequence generation, 
as most of them allowed researchers to guess the assignment of the 
patients. For instance, one of the drug trials used the hospital file 
number of subjects for assigning each of them, meaning that 
patients with odd file numbers were assigned to one group, and 
the ones with even numbers were assigned to another [85].

Another critical aspect to consider when conducting randomized 
clinical trials is the type of randomization to be used. In regard to 
the trials reviewed, only four of them used simple randomization 
and their sample size varied from 40 to 81 subjects, which still 
allows the generation of imbalanced groups. On the other hand, 
block randomization was the most used type, accounting for 25 
studies, followed by stratified randomization (24 studies). Although 
a few studies mentioned using a block randomization approach, 
they also mentioned the reassignment of a couple of participants 
after they were randomized [52] and technical difficulties that lead 
to an alteration in the randomization process [50]. Therefore, they 
were classified as “other.”

Most drug trials (65%) failed to report or did not report clearly the 
person or group of people responsible for implementing the ran-
domization. Among the studies that did report this information, 
six trials referred to study staffs, which corresponded to either the 
pharmacy or an independent researcher. Generally, when the inter-
vention was to be allocated by someone from the study staff, the 
article also specified how involved the specific individual was with 
the study. For instance, a research assistant who was not involved 
in the clinical management [36], or biostatistician [69].

After the randomization is assigned, it is also critical to have a sys-
tem in place to make sure the intervention is concealed to staff, 
subjects and those related to the trial as allocation concealment 

12.2 Types 
of Randomization

12.3 Implementation 
of Randomization

12.4 Allocation 
Concealment

Traumatic Brain Injury



128

prevents selection bias. Concealment and blinding can be main-
tained by using similar interventions, as identical capsules [62, 86, 
87], identical infusion injection [13, 46, 88], active vs. sham device 
[89], or double-dummy procedures [12]. Due to its importance, 
42% of the drug trials specified how the allocation concealment 
was maintained.

However, regarding the studies that were not randomized, 
only two reported blinding of evaluators to aspects related to the 
treatment or procedures [75, 90]. In one of the articles, which 
discussed about a rehabilitation program, the investigators reported 
that their evaluators were blinded to their previous history of reha-
bilitation [90]. In another case-control study, the authors men-
tioned that the treatment group was measured but the evaluators 
were blinded to the results [75]. Additionally, Ouellet M.-C. et al. 
reported that there was a randomization at baseline, but not at any 
other time points [91] during the study.

13 Blinding

Blinding involves innumerous techniques to reduce experimental 
bias by keeping the subject and/or investigators unaware of group 
assignments and research hypothesis. Also, blinding is also impor-
tant to control bias in reporting, analyzing, or interpreting col-
lected data. In this review, if researchers were unaware of treatment 
allocation for at least the primary outcome (s), they were consid-
ered blinded (Table 6).

Considering single blinded studies, in which only the researcher 
or the participant are blinded but not both, there were 14 studies 
that reported this method. Some researchers may also consider 
severe TBI patients in the acute phase blinded as most patients are 
cognitively impaired to understand the study or their allocation 
after an acute severe TBI. In this review, there were several studies 
that fell into this category [18, 50, 52, 71, 92, 93]. However, as 
the trials did not report blinding for these populations, a conserva-
tive approach was admitted and these studies were allocated in the 
category of “no blinding reported.”

In a double-blind design, as both the participant and the 
researcher are blinded, thus reducing even more the risks of bias, it 
is usually the most commonly used design in RCTs. Within the 31 
drug studies that reported blinding, 27 were double-blinded. One 
of these studies reported that the outcome assessor was blinded, 
but did mention whether the participant was blinded or not [66]. 
Therefore, we identified this study as single-blinded. Finally, 
regarding triple-blind design, just one study reported this approach 
in which patient, assessors and physicians were blinded [94]. The 
lack of studies with a triple blind design may be due to the fact that 
this design is more costly and requires extra resources.
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A few articles mentioned atypical blinding procedures, thus 
being classified as “Other.” For an example, this was considered 
when some of the primary or secondary outcomes were blinded 
and others were not [19, 83, 95]. Other cases included studies in 
which only some assessors were blinded and studies in which there 
was only blinding at baseline [30].

14 Study Duration

There was a large range in regard to trial duration from the ana-
lyzed studies. The average time of trial participation was 180 days, 
ranging from 4 h to 2 years. The following section describes how 
the clinical trials designed their follow-up periods and, for a better 
understanding, it was divided based on the trial phases.

In phase I drug trials (n = 9), the duration of the studies ranged 
from 4 days to 6 months. In five of those trials, the duration of the 
study was up to 8 days, in which the follow-ups consisted in bio-
logical measurements usually collected or measured repeatedly 
after 12 or 24 h [41, 92, 93, 96]. Moreover, four studies reported 
longer follow-ups, ranging between 1 and 6 months (Graph 12). 
For these trials, GOS and biological measures were used as end-
points [81, 82, 85, 86].

For phase II trials, however, the duration of the studies ranged 
between 4 h and 1 year. Among the shorter trials (n = 4), which 
the duration was up to 2 weeks, three of them were performed 
during the hospitalization period and/or in an acute stage of the 
trauma [65, 87, 97]. For the trials ranging from 2 weeks to 
3 months (n = 8), 1–4 follow-ups were performed in total. Usually, 
the trials were designed to have a baseline and a follow-up assess-
ment after the intervention and the main outcomes were surrogate 
for both inpatients and outpatients [32, 40, 57, 58, 61, 94]. In 
longer phase II trials, ranging from 3 to 6 months, many started 
during the hospitalization stage (acute stage of TBI) and followed 

Table 6 

Types of blinding used in TBI trials

Blinding Phase I Phase II Phase III Exploratory Pivotal Total

Single 0 1 0 3 10 14

Double 6 16 5 1 3 31

Other 0 3 0 2 2 7

None or not clearly reported 3 4 0 12 12 31

Total 9 24 5 18 27 83
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up the patient after the discharge. In those trials, the assessments 
were designed to be after the end of the intervention or the follow-
ups were scheduled to be after 3 or 6 months. Interestingly, in 
phase III trials, all participants were older than 15 years old, and 
were classified as severe or moderate to severe. The duration of 
those five trials was 6 months, in which four trials were multicenter 
studies [45–48] and just one a single-center [10]. Those trials usu-
ally had two follow-ups after the intervention, frequently at 3 and 
6 months. Graph 7 provides more details about the duration of 
phase I, II, and III trials.

The duration of exploratory studies (n = 27) was heteroge-
neous, ranging from 72 h to 2 years. Usually, trials involving 
behavioral procedures had a longer trial duration (from 3 months 
to 2 years), when compared to procedure or device intervention 
trials. These studies were mostly related to inpatients and the dura-
tion was shorter, ranging from 72 h to 6 months. For shorter trials, 
the follow-ups were usually surrogate endpoints related to biologi-
cal measurements, whereas, for longer trials, follow-ups were fre-
quently assessed by GOS.

Alike exploratory studies, the duration of pivotal studies was 
also heterogeneous (n = 33), ranging from 1 week to 1.5 years. 
However, for behavioral procedure studies (n = 16), a longer dura-
tion was seen, from 6 months to 1.5 years. Also, the total number 
of follow-ups ranged from 1 to 6. Another characteristic from 
behavioral procedure studies was the variability of the duration 
according to the type of intervention.

Finally, as to procedure and device interventions, there was a 
larger range of trial duration, from 2 days to 2 years. Furthermore, 
the number of follow-ups was related to the type of the primary 
outcome: a larger number of follow-ups were performed when 
they were related to biological measurements (1 or 2 follow-ups 
after 6 months usually using GOS). Graph 13 shows the duration 
of exploratory and pivotal trials.
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15 Limitations

Interestingly, one-third of the 100 most cited articles in TBI trials 
did not report their limitations. One of the main limitations in 
these trials is the small sample size, resulting in a lack of power in 
statistical analysis [33, 67]. Indeed, the lack of sample size calcula-
tion increases the risk of type I and II errors, which may lead to 
erroneous conclusions. Other limitations reported were short trial 
duration [18], lack of randomization [90], lack of blinding [80], 
and lack of covariate adjustment. According to Andelic et al. [78], 
a quasi-experimental study design cannot eliminate the possibility 
of confounding bias caused by unmeasured confounders.

Besides the small number of limitations reported, we could 
observe that just a few studies mentioned the method of missing 
data imputation. Another potential bias is related to the lack of 
multiple comparison adjustments. Moreover, the most common 
limitation of the studies was the description of the methodology 
used in these trials. A significant number of these studies did not 
report the primary outcome, the endpoints, duration of the fol-
low-up, and the type of analysis. As a result, the low quality of the 
methods description leads to an unreliable statistical analysis and 
consequently doubtful results.

16 Conclusion

After reviewing the most cited clinical trials of TBI, interesting pat-
terns related to study design, population, outcomes, and statistical 
analysis could be identified. Accordingly, the majority of TBI stud-
ies corresponded to phase II trials, which shows that safety aspects 
and efficacy of interventions are a major concern of investigators in 
this field. Also, it could be noticed that numerous trials often 
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involved young adults and applied clinical assessments as primary 
outcomes, such as neuropsychological evaluations. Even though 
most articles provided important information, a significant num-
ber of studies presented methodological limitations and, in conse-
quence, doubtful conclusions.

Another important aspect worth mentioning after this review 
is the difficulty that most investigators found regarding patient’s 
adherence to the studies. Especially for trials recruiting participants 
from outpatient facilities, the dropout rate was higher than 
expected, possibly due to the level of TBI severity of these patients. 
Furthermore, there was a large number of procedure/device trials 
in a pivotal stage (n = 33), which mostly reported positive results 
for at least one primary outcome. Nonetheless, most of these trials 
(n = 20) had a small sample size, with fewer than 100 subjects, 
which elucidates the need of developing larger TBI clinical trials in 
the future.

In general, research studies of traumatic brain injury have been 
criticized for not generating significant results to the scientific 
community. This is possibly due to the high variability of patients 
with TBI, which may compromise the reliability of study findings 
or even their generalizability. Curiously, Maas and colleagues 
described a decrease in the amount of clinical trials of TBI over the 
past decade due to the lack of positive results in larger multicenter 
trials and increased costs for conducting these studies.

Although TBI is an important and meaningful research topic 
for clinical trials, developing these studies is often a challenging 
task. Thus, future investigators must be encouraged to follow con-
sort guidelines and give major attention to the principles of clinical 
research, in order to improve the quality of TBI studies and achieve 
the higher level of evidence. With that ensured, future trials will 
have the potential to advance patient’s quality of life. To that end, 
it is expected that this review will provide useful and fundamental 
information for guiding healthcare providers in the development 
of well-designed clinical trials in TBI.
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Chapter 5

Parkinson’s Disease

Maria Fernanda Villarreal, Rodrigo Huerta-Gutierrez, and Felipe Fregni

Abstract

Parkinson’s disease (PD) is recognized as one of the most common neurologic disorders, with an impera-
tive need for research and new therapeutic interventions. Considering these characteristics, the aim of this 
book chapter is to analyze the 100 most cited clinical trials in PD, thus outlining methodological aspects, 
limitations, and challenges involved in this field. A systematic search of the literature between 2010 and 
2015 was performed using the electronic database Web of Science. The main findings are reported and 
discussed as to contribute to the advance of clinical research in this area.

Key words Parkinson disease, Research, Clinical trials, Methodology, CONSORT guidelines

1 Introduction

Parkinson’s disease (PD), also called “primary parkinsonism or 
idiopathic Parkinson’s disease” is a neurodegenerative illness 
characterized by progressive motor dysfunction as a result of a 
dysfunctional dopaminergic system in the basal ganglia. The clini-
cal diagnosis of Parkinson’s disease lies on the presence of postural 
instability, tremor, bradykinesia, and rigidity. This condition normally 
appears in adults and elderly population, with an average age onset 
of around 65–70 years [1].

Parkinson’s disease is recognized as one of the most common 
neurologic disorders, affecting approximately one million people 
in the USA with a prevalence of 0.3% in the general population. 
The incidence of PD is estimated at 4.5–16/100,000 persons/
year and the number of patients with Parkinson’s disease in the 
world’s most populated nations is projected to exponentially 
increase and be over eight million by 2030 [2]. Severe disability 
and death is expected in 25% of the patients within 5 years, 65% 
within 10 years and 80% of PD patients with 15 years of onset [3]. 
The costs associated with this disease are around $14 billion per 
year in the USA alone [4]. Therefore, an imperative need for 
research on new therapeutic interventions is required.
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Generally by the time clinical symptoms first manifest about 
60% of nigrostriatal dopaminergic terminals are lost. For this 
reason, most of PD research is to identify individuals at risk on 
prodromal phase and find diagnostic biomarkers [5]. The develop-
ment of new treatment strategies seems promising and remarkable 
progress is being made, however no definitive cure has been pro-
vided in the extensive research of Parkinson’s disease. An increas-
ing number of therapeutical approaches are still in the preclinical 
stage. In fact, among one of the most exciting advances in PD 
research is the presentation of novel approaches targeting toxic 
α-synuclein to overtake the primary pathological mechanism in PD 
[5]. Therapies for Parkinson’s disease are rarely restricted to just 
pharmacological compounds. Thus, the majority of current trials 
involve pharmacological therapies and additional interventions, 
such as: surgery, gene therapy, neuroprotective therapies, and 
physical or behavioral therapies. Delaying the progression of neu-
rodegenerative diseases is one of the topics of major interest on the 
field. Nonetheless, translation to the clinical practice will still be 
contingent of well- designed clinical trials. Researchers willing to 
advance the knowledge of Parkinson’s disease treatment must be 
aware of the challenges that it implies. Clinical trials have become 
one of the major standards for evaluating new therapies and inter-
ventions in Parkinson’s disease.

The major challenges for clinical trials in Parkinson’s disease 
include: lack of objective outcomes, recruitment strategies, pro-
gressive and irreversible nature of the disease, heterogeneous 
response to treatment, unspecified pathophysiology, high degree 
of comorbidity and the concomitant treatment complications. 
The purpose of this chapter is to outline proper scientific meth-
odology to improve future development of research in 
Parkinson’s disease.

2 Methodology

A systematic search was performed on published literature on 
Parkinson’s disease clinical trials (July–September 2015) using the 
electronic database of Web of Science1, by the title words 
“Parkinson’s disease” and document type “Clinical trial.” Initially, 
our total finding of articles was 596; we screened 124 clinical trials 
to include 100 clinical trials in this chapter (Fig. 1). These articles 
were assessed for accuracy by the authors (MF/RH) as interven-
tional clinical trials and also arranged by number of citations (from 
higher to lower). All others results that did not include this criteria 

1
 Access to Web of Science was provided by Countway Library—Harvard 

Medical School.
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(noninterventional trials, observational studies, case control, etc.) 
were excluded from this search.

As a standardized search methodology2 along with other chapters 
from this book, all results selected were articles published in 
English between the years 2010 and 2015. In addition, as a tool 
for validity in the experimental design we decided to use the 
CONSORT (Consolidated Standards of Reporting Trials) 
Guidelines to screen the articles accordingly on a 22-item checklist 
of clinical trial quality and description to report consistency in our 
findings. These guidelines are used for helping authors to deter-
mine how was the study conducted and analyzed. In the following 
subheadings of this chapter we will be discussing detailed information 
about Parkinson’s disease clinical trial design, phases, eligibility 
criteria, and statistical analysis.

Overall, the percentage of clinical trials of Parkinson’s disease in 
Neurology is expanding. According to clinicaltrials.gov, there were 
~1642 registered in this website in 2015, of which more than 70% 
were active for recruitment. Arising from our findings, we found 
out that 70% of the trials studies resulted positive for primary out-
come. Furthermore, we were able to determine the impact factor 
of the journals involved (see Graph 1). The journals presented in 

2
 Some chapters in this book used an extended search for 10 years.

2.1 Initial Results

Literature search: 2010-2015
"Parkinson's disease"  + Document type: "Clinical trial"

- <Filter> Highly cited. 
Databases: Web of Science

Limits: English lenguage articles only. 

Articles screened on basis 
of interventional clinical 

trials. 

Excluded
(n =24) 

- Not intreventional trials
(20) 

- Case-control studies (4) 

Included 
( n=100)

Intital search 
results

(n = 596)
Screening (n=14) 
Excluded (n=24) 
Included (n=100)

Fig. 1 Schematic illustration of search results and exclusion criteria
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our review, were the following; Movement disorders, followed by 
Annals of Neurology, Lancet, NEJM, Transitional Research, etc.

Impact factor is a common measure to validate the importance of 
a journal and show the mean of citations within a year. In this 
review, the majority of the studies included an impact factor within 
1–5. Nevertheless, this was followed by a 29% that had an impact 
factor above 11.

The consort guidelines give a minimum set of recommendations 
for reporting randomized trials. Several studies suggest that use 
of the CONSORT checklist is associated with improved report-
ing of randomized trials. For this chapter, alongside with other 
chapters from this book we consider the consort guidelines a 
standard for reporting and we consequently presume that trials 
that accomplish most of these requirements carry a proper meth-
odology for clinical trial design. In our review, 61% of the jour-
nals involved where following the consort guidelines, whereas the 
remaining 31% did not.

3 Trial Design–Phase–Settings

In our review, Table 1 describes the general characteristics of all 
trials analyzed. The most common study trial design was two paral-
lel arms with a total of 47% of all trials included for this chapter, 
followed by nonrandomized clinical trial (non-RCT) design with 
24%; that mainly corresponded to open-label studies. In fact, the 
two-arm parallel trial is still the optimal design and should always 
be considered.

2.2 Impact Factor

2.3 Consort 
Guidelines

3.1 Trial Design

44%

27%

8%

21%

1 to 5 6 to 10 11 to 20 >20

Graph 1 Impact factor distribution
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Table 1  
Review search results

N

Year
2010 50
2011 19
2012 14
2013 13
2014 4
2015 0

Phase
Not described 4
Phase I 7
Phase I/II 5
Phase II 38
Phase II/III 7
Phase III 38
Phase IV 1

Trial design
Two parallel arms 48

RCT Three parallel arms 10
Four or more parallel arms 3
Factorial 5
Crossover 9
Non-RCT 25

Sample size
0–20 22
20–45 26
45–200 28
>200 24

Type of intervention
Drug 54
Device 19
Procedure 27

# of Citations
0–20 9
21–25 27
26–30 13
31–35 10
36–40 7
41–60 15
60–80 6
80–100 2
More than 100 11

(continued)

Parkinson’s Disease



144

Based on the EMA guidelines [3], double blind, and placebo 
controlled studies of at least 6 months is recommended to establish 
efficacy maintenance and safety, due to the long and slow progres-
sion of the condition (time duration, time points and follow-up 
represent an important consideration for researchers, while select-
ing study design)

Among other type of design is the factorial design; useful for 
interaction effect between two independent variables, commonly 
substituted in PD trials by comparisons with placebo. Unfortunately, 
this design is not as widely used on PD trials as in other neurologi-
cal conditions, representing 5% of all trial designs in our research. 
In the case of factorial designs, researchers can either assume that 
there is no interaction or calculate the synergetic or antagonistic 
effects of two interventions. Researchers can also opt to use a 
 partial factorial design in which not all the combinations of two 
treatments are tested. For instance, Hauser [6] and Olanow [7] 
tested a levodopa-carbidopa gel against on immediate release oral 
intervention. This scenario made mandatory the use of a version of 
the partial factorial design, the double-dummy strategy, to produce 
effective blinding.

On the other hand, crossover designs are not used as frequently 
as other designs but have some advantages. One of its major advan-
tages is the diminution of the intersubject variability that allows the 
recruitment of a lower number of subjects. However, an important 
drawback results from the unpredictable carryover effect or period 
by treatment interactions that can bias the estimated outcome. In 
our sample, we identified nine clinical trials that used this approach. 
For instance, Sawada [8] used a crossover design to investigate the 

Table 1
(continued)

N

Journal impact factor
1–5 44
5–10 28
10–20 7
More than 20 21

Study setting
Single-center 46
Multicenter 54

Consort criteria
Yes 61
Not endorsers 39
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effects of amantadine on dyskinesias. Contrasting to other papers 
on the topic, they chose a washout period of 15 days to limit car-
ryover effects. Moreover, in order to control for period and carry-
over effects, they build a model that included these factors and 
included it on the statistical analysis.

There are several illustrative trials with this design that have 
shown the profitability of this design selection. For instance, the 
factorial and the crossover designs can be used simultaneously in a 
trial. Likewise, Ravina [9] studied the safety and efficacy of a cholin-
esterase inhibitor, donepezil hydrochloride, for the treatment of 
dementia in Parkinson’s disease (PD). In this trial, the author used 
a crossover trial (AABB:BBAA) with four different periods analo-
gous to the 2 × 2 design except that two consecutive periods of each 
treatment, comparing placebo vs. donepezil, were implemented. 
This strategy is referred as Latin square. With this respect, the 
Sequential Multiple Assignment Randomized Trials (SMART) will 
have a roll in the empirical selection of the tested sequence [10].

An effective method to save resources in clinical research is to 
use adaptive designs. In these trials, the protocol can change accord-
ing to the information collected during the study. For instance, 
Simuni [11] planned to change the inclusion criteria to accept 
patients with hypertension in a trial of isradipine. Another method 
can be exemplified by the study of Schapira [12] in which sample 
size was calculated on the basis of an internal pilot study. Furthermore, 
futility designs allow to stop a trial in case that a prespecified margin 
of efficacy is not met. An example can be found in the trial of 
Kieburtz [13] that tested the efficacy of creatinine monohydrate and 
had to stop early due to futility. These designs can also be used to 
find the patients that are more responsive to an intervention or the 
more suitable outcomes to measure and endpoint.

A particular case of adaptive design is the delayed-start trial. 
These have been developed to provide evidence of an intervention 
to be neuroprotective. The design of these trials is divided on two 
phases: one placebo-controlled and the second one open-label. 
The rationale for this approach is that during the time between 
both phases the disease will continue progressing. Therefore, at 
the end of the open label phase there should exist a difference 
between the patients that received the active treatment since the 
beginning of the trial [14].

This kind of design requires an interim analysis at the end of 
phase I. Missing data should be imputated differently in each 
phase, as covered in the section below. In our review, five trials 
used this design and two were positive for primary outcome. 
Three statistical hypotheses must be tested: if there is a treatment 
difference at the end of phase I and II and if the difference in phase 
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I is maintained during the second phase. For the last purpose, a 
noninferiority procedure is recommended to test the slopes [15].

An alternative for this study design the one used by Barker 
et al. [16] to test the effects of exenatide in disease progression. 
The design of this trial consisted in comparing the participants of 
the trial with a matched cohort that did not receive any treatment. 
This trial was also an example of how drugs approved for other 
purposes can be used in degenerative diseases when biological 
plausibility for an effect exists. Also, a washout period could be 
incorporated at the end of the trial to guarantee that the effect of 
the treatment persists after the finalization of the trial. Another 
approach consists in incorporating a different washout period in 
each treatment groups performed by Devos et al. [17].

Although not used in our sample, innovative designs such as 
Multiphase Optimization Strategies (MOST) will allow identifying 
the components of a therapy that yield better results. This may 
have particular importance in complex interventions such as physical 
therapy and eHealth [10].

The phases in PD clinical trials offer information about the relation 
of dosage with treatment, safety and efficacy; and these are propor-
tionally related with the number of subjects and the intended objec-
tive. More importantly PD trial phases can be frequently challenged 
by sample size; also, it is important to distinguish the difference 
among trials involving devices and drugs, as the phase changes 
dramatically in the number of subjects involved (see Fig. 2).

Table 1, as outlined before summarizes the different types of 
phases from all the reviewed trials in this chapter. The majority of 
the studies performed phase II trials with 41% followed by phase III 
trials (26%). An important challenge for PD trial phase  selection is 
the intervention. Based on our findings, we can infer that most 
researchers consider the phase as a result to the number of subjects 
randomized and trial layout (objectives, endpoint, etc.) rather than 
the research question itself (Table 2). Thus, the selection of subjects 
(inclusion and exclusion criteria) is directly correlated with the 
challenges for power and study reliability.

In order to limit the potential damages to patients in a clinical trial, 
the development of new interventional therapies should follow an 
order in which risks are balanced to benefits. In that sense, phase I 
trials are devoted to safety and therefore, usually recruit healthy 
subjects. Seven of the analyzed trials were compatible with the 
characteristics of phase I trials. The majority of these trials had 
small sample sizes, were concerned about adverse effects, were per-
formed in a single-center, did not have a randomization and had 
no control group. Regarding the intervention involved, five 
included a drug, of which two were gene therapy, and two used 
procedures.

3.2 Phases

3.2.1 Phase I

Maria Fernanda Villarreal et al.
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The main objective of phase II trials is to select the optimal dose that 
maximizes the benefits and minimizes the risks. Since the sample 
sizes of these trials should be small, having homogeneous popula-
tions would help to find an effect if it exists. Therefore, eligibility 
criteria must be more stringent. Likewise, Devos et al. [17] reported 
a trial of an iron chelating compound. The authors used the UPDRS 
and iron deposition as outcomes illustrating a general principle of 
phase II trials: the use of surrogate measurements.

For each new technology that gets FDA approval, other nine do 
not complete the long journey of clinical testing which makes the 
cost of the products very high. Therefore, several strategies to 
reduce these costs have been encouraged [18]. One of them con-
sists in accomplishing the objectives of several phases of the devel-
opment of a technology in one single study. For instance, the phase 

3.2.2 Phase II

3.2.3 Phases I/II and II/III

Fig. 2 Schematic illustration differences between drug and device phases

Table 2 
Study design selection

Design according to objectives for PD trials

Treatment
1. Disease-modifying: Aimed to modify disease progression—Delayed start—trials
     • Delay disease progression
     • Modify late motor complications
     • Postpone late motor fluctuations

2. Symptomatic relief: Aimed to alleviate symptoms—Placebo controlled studies (2+ study arms)
     • Early stage PD before l-dopa
     • PD with l-dopa

    – Insufficient control of motor symptoms
    – Motor fluctuations
    – Rapid changing motor fluctuations

3. Substitution of neuronal loss

Parkinson’s Disease
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I/II trials assess both safety and dose/response in opposition to 
classical literature that uses the highest dose that does not produce 
adverse effects of a phase I trial to conduct a phase II trial. Likewise, 
Palfi [19] performed a trial using several doses of ProSarvin which 
were escalated if safety was confirmed. Interestingly, besides adverse 
events, the UPDRS III was also used as a primary endpoint. This 
can be a solution to gene therapy trials since many of them report 
low dose as a limitation.

Another similar approach to limit the expenses of clinical 
research is to use a phase II/III trial. These are conducted in two 
stages: the first one serves to select the most appropriate interven-
tion between similar candidates and the second is to test clinical 
efficacy. An important characteristic of these studies is that they can 
be stopped for futility or efficacy. An important example is the 
Long-term study one designed by the NET-PD group in which 
creatine was selected as a molecule for further testing. However, 
the trial was later stopped due to futility [13].

In contrast to explanatory trials, pragmatic studies are designed to 
test the effectiveness of an intervention in a real-life situation. 
Therefore, they are more concerned with external validity which is 
reflected on the broad inclusion and exclusion criteria [20]. 
Likewise, the two pragmatic trials in this search [21, 22] selected 
the population by the presence of the disease and the indepen-
dence or availability of a caregiver. However, the absence of psychi-
atric comorbidity was also considered, which make these studies 
less naturalistic according to the Pragmatic–Explanatory 
Continuum Indicator Summary (PRECIS). Interestingly, both of 
these trials tested a procedure as an intervention. However, only 
Munneke used a cluster randomization approach and took into 
account the analysis of cost–benefit as a secondary outcome. This 
last author has consolidated a network of health-care professionals 
to integrate the treatment of PD in the Netherlands. Although the 
network has improved patient satisfaction, quality of care and costs, 
there was not any effect on other health outcomes. The authors 
suggested that the negative results come from the initial phases of 
the study which consequence was professionals with not enough 
expertise [23].

Study setting plays an important role in Parkinson’s disease trials. 
There is an increasing trend for support group and home-based 
programs that make the recruitment easier and therefore facilitate 
the collaboration of more centers. Initial phases, tend to be single 
center due to the smaller number of patients required. On the 
other hand, multicenter studies are conformed by larger number of 
subjects and therefore require an increased generalizability among 
PD patients.

3.2.4 Comparative 
Effectiveness Research

Pragmatic Clinical Trials

3.3 Setting

Maria Fernanda Villarreal et al.



149

The following table (Table 3) uses seven types of trial design to 
show the different settings and phases used in all included articles 
for this chapter. Overall, the frequency of multicenter trials is 
higher than single center trials (54%). More importantly, we can 
see the distribution of according to phase and center.

4 Study Population

Recruitment represents an important challenge for Parkinson’s dis-
ease trials; this is mainly due to the low prevalence of PD in general 
population. It is highly recommended that the number of patients 

4.1 Recruitment

Table 3 
Trial design, study setting, and phase

Trial design N Study setting Phase

I I/II II II/III III IV ND Total

7 5 38 7 38 1 4 100

Two parallel arm 48 Single center 2 1 11 1 3 0 1 19
Multicenter 0 0 11 2 15 0 1 29

48

Three parallel arm 10 Single center 0 0 2 0 0 0 0 2
Multicenter 0 0 2 0 6 0 0 8

10

Four or more parallel arms 3 Single center 0 0 0 0 0 0 0 0
Multicenter 0 0 0 0 0 0 0 1

7

Factorial 5 Single center 1 0 1 0 0 0 0 2
Multicenter 0 1 1 0 2 0 0 9

2

Crossover 9 Single center 1 1 1 2 0 0 0 0
Multicenter 0 0 1 1 0 0 0 2

9

Otherb 2 Single center 0 0 1 0 0 0 1 2
Multicenter 0 0 0 0 0 0 0 0

2

Non RCTa 23 Single center 3 1 6 0 4 0 1 15
Multicenter 1 1 2 1 2 1 0 8

100 23
100

aNonrandomized clinical trials, under this category are unblinded studies
bOther, this category belongs to studies where authors did not specify study design

Parkinson’s Disease



150

recruited be increased to prevent misclassification (which usually 
occurs in early-stage PD) [3]. A poor recruitment strategy in 
Parkinson’s trials threatens the power of studies and introduces 
bias; it is of utmost importance that researchers are aware and 
know how to address this problem. According to Harris et al. 68% 
of PD patients would be likely to participate in a clinical trial if one 
were available in their area [24].

Performing a study in all the members of a target population 
could be challenging. Hence, it is imperative to choose an accessi-
ble population and, through sampling, reach the study population. 
In order to do so, clinical researchers must establish inclusion and 
exclusion criteria. We dedicate the following section to analyze the 
factors that determine the selection of the eligibility criteria.

The choice of the aforementioned criteria will depend on the 
objective of the trial, determined by the stage of development of 
the intervention. Studies in early phases would need to focus in 
increasing the safety of the participants by relying on stringent 
inclusion criteria (Table 4). Likewise, most of phase I trials in our 
sample excluded patients with comorbidities, including depres-
sion and dementia. For providing benefits while decreasing risk, 
interventions that involved cell or gene therapy included only 
advanced and untreatable stages of PD. Another important situa-
tion is shown by the use of exercise as an intervention. Pilot stud-
ies in physical therapy selected patients that were physically capable 
of performing the activities. This leads us to make clear that assur-
ing the safety of the patients will allow an intervention to be fur-
ther tested.

Following the previous statement, some trials limit their 
recruitment in accordance to demographic characteristics. The 
demographic selection is usually based on age and gender. Although 

4.2 Selecting 
Participant Eligibility

Table 4 
Selecting participant eligibility

Enrollment of participants PD clinical trials

Severity—stage
Early
• Untreated PD patients
• Early start of dopaminergic therapy
• Delayed initiation of dopaminergic therapy

Advanced
• Motor fluctuations—long-term progression of the illness.
Other
• l-dopa responder (+)
• l-dopa nonresponder (−)
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the preferred age range consisted in patients over 30 years old, it 
varied among all studies. In order to limit confounding symptoms 
due to aging, many upper limits for age were used. However, for 
studies in patients with dementia, a higher lower limit was set. 
Lower limits were established to rule out degenerative diseases 
other than PD. All studies included both genders in their inclusion 
criteria. No study described inclusion of minority populations.

In terms of diagnosis, 44% of the studies used the United 
Kingdom PD Brain Bank criteria. Fifty-six percent of the studies 
only stated that the diagnosis was made by a neurologist or did not 
specify clearly. For some trials trying to investigate the effect of a 
treatment in early stages of a disease required that the diagnosis 
was recently made. These studies also excluded patients with motor 
complications that indicate disease progression and atypical motor 
symptoms, linked to an etiology other than PD.

As the heterogeneity of a population increases, the probability 
of detecting a true effect diminishes. Thus, trials that seek to proof 
clinical efficacy will need to reduce the noise in order to increase 
the signal. This can be done by directing the intervention to a 
study population that has a higher probability of success. In this 
regard, patients with a high Hoehn and Yahr stage are seen like 
more advanced in the natural history of the disease and less likely 
to respond to therapy. On the other hand, trials interested in evalu-
ating subjects with complications of treatment measure the OFF 
time as an outcome and consequently establish a minimum amount 
of baseline OFF time to avoid ceiling effects. In the case of pivotal 
physical activity trials, the selection of subjects was based on the 
risk of falling assuming that it would determine the response to 
treatment. Another challenge to make homogeneous the effect of 
the intervention and its measurements is the daily variation of 
medication. Accordingly, 14 of the trials in our sample required 
the patients to be on stable doses of medication at least during 
4 weeks before the start of the study.

In other trials, the hypothesized mechanism of action affected 
the inclusion criteria. For instance, some drugs with claimed 
 neuroprotective effects would not be used in the late stages of the 
disease, when the dopamine producing cells can no longer be 
recovered. Hence, neuroimaging studies are sometimes required 
to demonstrate the dopaminergic activity of the substantia nigra. 
Another example is the case of trials in which a minimum response 
to l-Dopa is required. In our sample, three trials required an in- 
phase to certify the response to l-Dopa while other seven studies 
did not specify their approach in this respect but mentioned it as a 
prerequisite.

Many trials wouldn’t be feasible without the full cooperation 
and involvement of the study participants. Likewise, studies that 
require the fulfillment of diaries exclude participants who are 
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unable of doing so. However, this approach precludes generaliza-
tion to a more extent population. Moreover, caregivers are often 
required (especially on trials recruiting for severe stage of PD) 
which highly relates to adherence and subject follow-up.

While choosing a narrow population has the advantage of 
increasing the signal of the effect, it comes with the drawback of 
limited external generalizability. Thus, clinical trials in PD that 
attempt to demonstrate effectiveness must recruit a sample with 
broader characteristics instead of choosing a population based on 
age or other baseline characteristics (Table 5).

Patient selection in Parkinson’s disease is complex mainly due to 
underlying conditions that need to be evaluated along with primary 
endpoint. Even though most of the evaluations represent the motor 
manifestations of the disease, are a wide variety of studies assess non-
motor symptoms (NMS) or even surrogate endpoints like sleep 
disturbance, psychosis, dementia, and pain. Even if a set of diagnos-
tic criteria may apply for certain patients, they may not be the same 
as those ideal for people with PD. Furthermore, comorbidity adds a 
level of complexity to the endeavors of clinical trials in these patients. 
Hence, defining more accurate diagnostic criteria for NMS in PD is 
required to better select a study population.

Table 5 
General eligibility criteria

Eligibility criteria N

Characteristics 18
20–39
40–50

7
29
13

Age 50–70 5

NA
Range

46
35.45 ± 78.75

Gender Both 100

Hoehn/Yahr (severity scale) Yes 41

No 58

Response to l-dopa Yes 14

No 86

Years from initial diagnosis 1–1.5
4–5
NA

2
10
88

On/Off OFF 32

ON 68
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The inclusion criterion for PD is directly correlated to the aim of 
the study. Most clinical trials in Parkinson’s disease use the 
Hoehn–Yahr scale to categorize severity (Table 6). Nevertheless, 
trials should also specify severity of according to a particular 

4.3 Inclusion Criteria

Table 6 
Eligibility criteria

Category Number of studies

Demographics (N = 54)
Age See Table 1
Gender 100

Diagnosis (N = 100)
UKPDBB 46
Not specified 56

Treatment (N = 49)
Response to l-Dopa 14
Years treated with l-Dopa 2
Without recent changes 32
No treatment 3

Disability and complications (N = 26)
Disability symptoms off time 3
UPDRS 6
l-Dopa induced complications 4
Inadequate medical response 9
Not described 4

Severity (N = 48)
Hoehn and Yahr scale I–IV 8
Hoehn and Yahr scale II–IV 6
Hoehn and Yahr scale II–III 3
Not described 31

Physical capacity (N = 15)
Ability to stand and walk 11
Independent 4

Care (N = 3)
Caregiver required 3

Non-motor symptoms (N = 9)
Depression 2
MMSE 10–24 3
Visual or auditory hallucinations 4

Symptoms (N = 7)
Gait disorders 3
Symptom asymmetry 2
Recent fall or risk of falling 2
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endpoint, for instance functional impairment or motor fluctua-
tions. The researcher should consider that the more homogenous 
a sample is the less likely that these results can be generalized to 
a heterogeneous population.

Exclusion criteria, usually indicates those factors that would pre-
clude participants from being part of the study. These factors are 
usually potential confounders to the results; therefore, the proper 
identification of these is required. Commonly reported exclusion 
criteria in our results was: Mini-mental State Examination 
(MMSE- 25) score lower than 24 (usually indicates, cognitive 
impairment) alongside with debilitating conditions (such as, 
important physical impairment or serious medical conditions); 
concomitant neurological conditions; severe dyskinesia “on-off” 
period and motor fluctuations. Depending on the type of inter-
vention, the exclusion criteria may be modified. We realized that 
most device trials particularly DBS, exclude subjects that do not 
complement fitness for surgery.

5 Interventions

Most of the existing therapy for PD is designed to engage the 
dopaminergic network. However, with the decrease in the popu-
lation of these cells, dopamine receptor agonists become less 
effective. On the other side, the dopaminergic system is not the 
only one that undergoes degeneration. For those reasons, new 
investigational drugs have focused on nondopaminergic agents. 
The motor symptoms observed in PD patients are the result of 
the aforementioned degeneration. Nonetheless, recent studies 
have shown great interest in how to treat NMS. Seven of the tri-
als studied where designed for this purpose. The clinical condi-
tions of interest were cognitive impairment, hallucinations, pain, 
and depression.

The objective of some drug trials in our search was to address 
the motor complications of levodopa therapy as to compare across 
different drugs (Table 7).

During the early phases of drug development, pharmacologic 
studies must be conducted before any efficacy measure is perused. 
In PD, the effects of a drug are highly dependent on its biodis-
ponibility. To address this issue, several trials have tested innovative 
drug delivery methods. For example, three trials looked for the 
effectiveness of the intestinal delivery of a carbidopa gel. In these 
cases, the challenges in the design include the procedure that is 
needed in order to reach the intestine. Pharmacokinetics must not 
be the only concern of early stage PD trials. Some of our studies 
assessed the mechanism of dopaminergic action in the central ner-
vous system.

4.4 Exclusion 
Criteria

5.1 Drugs
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Device trials are an emerging trend in the medical field, over the 
last few decades deep brain stimulation has become the most nota-
ble device intervention in Parkinson’s disease patients. In fact, the 
advent effect of classic deep brain stimulation still remains a main-
stay for patients who remain unresponsive to medical treatment 
and present a high rate of complications. Moreover, other devices 
such as noninvasive deep brain stimulation also represent of sim-
plistic benefit on motor symptoms in patients [25].

A total of 21 studies used a device as an intervention (Graph 2). 
Moreover, 15 were related to deep brain stimulation (DBS), and 
five to noninvasive brain stimulation (NIBS). The preferred site of 
stimulation in 12 of the DBS trials was the subthalamic nucleus 
(STN). However, the pedunculopontine nucleus and the pallidal 
nucleus were also stimulated locations. It is worth it to mention 
that ten studies were aimed to manage certain aspect of the disease, 
whereas the remaining ten were designed to investigate the physi-
ological consequences. In the following section, we discuss the 
challenges of designing trials for the management of PD when 
devices are involved.

Complications and medical treatment failure convey towards 
surgical approaches. Therefore, deep brain stimulation surgery has 

5.2 Devices

Table 7 
Interventions

Category Number of studies

Drug (N = 51)
Motor symptoms 36
Non motor symptoms 8

Devices (N = 20)
Deep brain stimulation (DBS) 15
Non-invasive brain stimulation (NIBS) 5

Procedure (N = 22)
Exercise/training 16
Telemedicine 2
Virtual reality 2
Cognitive behavioral training 2

Cell therapy (N = 3)
Dopamine producing cells 1
Bone marrow cells 1
Retinal 1

Gene therapy (N = 4)
GAD 1
Prosarvin 1
l-aminoaciddescarboxilase 1
Nertuin 1
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become a standard procedure among PD patients. However, 
patients may benefit from an early intervention, this can be exem-
plified by the EARLYSTIM-study [26] that demonstrates the mul-
tiple challenges that surgical interventions bring to clinical trials. 
Firstly, sham surgery involves ethical considerations and was only 
used in one of the analyzed trials. The others compared either two 
stimulation sites or stimulation versus the best medical treatment. 
The use of guidelines for defining the best medical treatment was 
one of the innovations of the EARLYSTIM trial. In future research, 
the caregiver can be taken into account for this definition.

The lack of standardization of surgical procedures is also a 
barrier for DBS development. For achieving large sample sizes, 
multicenter trails are often required. Under these circumstances, 
the use of imaging techniques for planning the surgery, the verifica-
tion of the electrode placement, and the use of a specified anesthesia 
are some of the parameters that can be agreed upon between different 
centers. Although the precise placing of the electrodes remains 
debatable, the avoidance of relevant structures (sulcus, vasculature) 
is a common feature between these assays. A study by Witts [27] 
raised the concern of negative neuropsychological outcomes associ-
ated with the placement of leads that traversed the internal capsule. 
Moreover, the investigation of Daniels [28] also reports executive 
dysfunction after ST-D Another innovative feature of EARLYSTIM 
was its monitoring of suicide. These strategies for surveillance of 
negative neuropsychological outcomes and its relationship with the 
lead trajectory could impact the practice of DBS.

Delayed-start trial methodology can be incorporated in the 
research of DBS and other neurosurgical approaches in order to 
find out their effectiveness for slowing the progression of the 
disease.

Physiotherapy is one of the most conventional additional therapies 
in Parkinson’s disease (PD) [29]. Rehabilitation programs for 
postural stability are most effective if they incorporate balance 
practice and adjustment to environmental demands. A common 
problem in these types of trials is high attrition, since it requires 
active participation in participants with compromised indepen-
dence in daily activities (Graphs 3 and 4).

5.3 Procedures
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In our review, common procedures included: balance training 
programs, speech recovery and surgeries along with device implan-
tation, physical training, cognitive and behavioral procedures, 
cuing, virtual reality, telemedicine, and educational programs. 
A total of 21 studies used a procedure, as the intervention.

Similarly to trials that involve surgery, trials of procedures face 
a big challenge regarding the delivery of standardize procedures 
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across subjects. In order to allow for reliability and reproducibility, 
researchers should ensure that the procedure is delivered in the 
same way across participants if the trial is of pivotal nature.

In trials that use physical therapy, the preferred outcome scale was 
to use balance measures as primary outcomes, such as; Berg balance 
test, limits of stability test, and risk of falls. Despite the fact that most 
studies were of exploratory nature they used clinical outcomes to 
evaluate such endpoints. In addition, exploratory clinical trials in PD 
may beneficiate from the use of surrogate outcomes. Moreover, 
studies could be powered to evaluate nonmotor symptom response. 
The use of other functional outcomes like cortical excitability, 
brain connectivity, and physical fitness could give insights about the 
mechanisms of exercise action [30]. 

Selecting an appropriate comparator is a challenge in trials that 
evaluate exercise. In our search, patients in the control group 
receive one training program that is not similar to the active one. 
For example, stretching exercises instead of aerobic exercise.

Other limitations for trial conduct are separating the effects of 
exercise from other properties that the intervention may have. For 
example, physical activity usually requires social interaction, two of 
the included trials used a community-level approach and therefore 
the effects in the individuals can be mediated by the strengthening 
of the community. In this last case cluster randomization may be a 
powerful approach since it allows for controlling for factors that 
the members of a group of people have in common.

The preferred design for exercise trials was parallel two-arm 
study. Interestingly, three out of ten studies included three inter-
vention arms. This illustrates the need of several comparators to 
dissect the source of the effect. No trial used a crossover design 
despite the fact that it would be appropriate to ease the variability 
of this intervention’s effect between the subjects. A meta-analysis 
by [31] concluded that although physical training can have 
 significant positive effects on motor outcomes of PD, clinical trials 
must be planned to have longer durations. Yet only two out of the 
ten exercise trials had a duration longer than 6 months.

Although the short time duration of trials that test exercise 
allows evaluating its immediate effects, the long-term conse-
quences of the intervention remain to be clarified as well as its 
precise mechanism of action.

6 Study Duration

Studies must be long enough for the intervention to show an 
effect. However, trials that have a long duration may experience 
higher attrition rates. Therefore, clinical researchers must select the 
duration of the trial on the basis of the nature of the intervention 
and the outcome. For instance, trials which main objective is to 

6.1 Study Duration
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show a neuroprotective effect must last longer than those inter-
ested only in symptomatic relief. In our analysis, the duration of 
the clinical trials studied varied from 1 day to 7 years (Graph 5). 
The most common duration corresponded to the period of 
1–3 months. The trials that engaged with long durations were 
interested in verifying the long-term effect of an intervention. For 
example, the trails that envisaged for cellular regeneration of sub-
stantia nigra searched for a dopamine marker using PET imaging 
to assure that living and metabolically active cells were still present 
across long periods of time. In the trails that lasted 1 day, the 
experimental condition was the states ON/OFF in relation to 
dopaminergic treatment or DBS. On the other hand, most of the 
trials that tested some form of procedure, including physical ther-
apy, had lasted from 1–3 months.

Another research issue is to define the number of time-points and 
the spacing between them. For instance, trials with more time- 
points will require more effort from the personnel involved. On 
the other hand, studies that consider fewer time-points are more 
likely to be less reliable. In our search, most of the studies analyzed 
used only 3–6 time-points (Graph 6). Overall, the study time 
points range was 2–72.

Many of the trials that chose only two time-points were per-
formed during the experimental day and analyzed some aspect 
of the physiology of PD. In opposition, the trials with the high-
est number of time-points had a special focus on safety. Interestingly, 

6.2 Time-points
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20% of the trials with more than 10 time-points evaluated nonmo-
tor symptoms like sleep and depression. For example, trials that 
include a titration phase like the one from Trenkwalder [32] have 
several time-points in a brief period.

This is also the case in early phases or drug development when 
the main interest is on pharmacokinetics. Another important fea-
ture for selecting the number of time-points is the outcome. For 
instance, Watts et al. [33] used the time-to-dyskinesia as an out-
come. In these circumstances, the precision of the measurement 
would directly depend on the number of times that it is assessed. 
Some kinds of interventions require a higher number of time- 
points including the application of noninvasive brain stimulation 
and procedures like physical therapy to verify that the intervention 
is having an effect.

7 Outcomes

Investigators have to define the role of each endpoint and the 
primary intention that it plays in the clinical trial. In experimental 
medicine the dependent variable is represented by the outcome. 
The UPDRS has been considered to be the gold standard motor 
assessment for patients with Parkinson’s disease, and it is the most 
widely used instrument for its clinical trials.

7.1 Primary Outcome
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A researcher commonly faces the challenge of selecting one 
primary outcome out of a numerous amount of possibilities. A 
scientist should consider the stage of development of the interven-
tion because this will determine the objective, the number of 
subjects tested and the design of the trials. To evaluate the possible 
outcome measurements, the researcher must bear in mind its valid-
ity, reliability, appropriateness and reproducibility. In our sample, 
we identified 47 different primary outcomes. These corresponded 
to the following endpoints: motor functions, nonmotor functions, 
quality of life, physiology, safety, feasibility, complications, and dis-
ability. We briefly revise each one of them.

Traditionally, the evaluation of PD has been based in motor 
symptoms. In this respect the United Parkinson’s Disease Rating 
Scale was the primary outcome of 31 trials in our sample, making 
it the most used scale across all intervention modalities. This scale 
is divided on six parts that include motor function and quality of 
life. Nineteen trials relied only in the third part of this evaluation 
that corresponds to the physical examination. The use of this 
approach may avoid the subjective component of the evaluation. 
On the other hand, ten trials used its entire presentation. 
Furthermore, two trials selected the second and the fourth part of 
the UPDRS to evaluate quality of life or complications, respec-
tively. Likewise, a large number of trials used the UPDRS V as an 
indicator of severity and used it as a covariate for the analysis or for 
the randomization. It is noteworthy that the UPDRS was not first 
developed using clinimetric methods and instead counted on a 
board of experts for its creation. Therefore, the Movement 
Disorder Society (MDS) revised it and in 2008 recommended sev-
eral changes in order to make the scale more comprehensive [34]. 
Conversely, none of the trials analyzed used the MDS-UPDRS as a 
primary outcome.

Clinical trials that involve a procedure, including physical 
therapy, use other scales besides the UPDRS. For instance, to 
evaluate gait, several measurements can be utilized; gait speed, 
stand-up and walk test and walk time where some of the measure-
ments that we found in our article selection. One advantage of 
using this kind of scales is that, unlike UPDRS, the result is less 
dependent on the rater. This makes it more objective and limits 
the influence of improper blinding. Furthermore, using an inter-
val outcome such as distances or speeds allow a more diverse range 
of statistical analysis. Still, trying to resume complex traits like 
movements with a single value has its own limitations. For this 
reason, a trial preferred to perform kinematic analysis using accel-
erometers and gyroscopes to capture the complexity of motion. 
Another measurement that received attention from the three 
studies was the Berg Balance Scale.
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The UPDRS and other scales can be measured while the 
patient is under the effects of therapy or when the effect of dopa-
minergic agents diminishes which is referred to as the OFF and 
ON periods. An investigator must decide which the most informa-
tive moment to perform a measurement is. Trials that select patients 
with recently diagnosed disease will not have a significant OFF 
period. Contrastingly, studies which objective is to decrease the 
degree of disability will be more interested on performing the 
assessments during the OFF period. Another very important aspect 
to take into account is to perform the measurements in the same 
period of the day in order to avoid the fluctuations of the therapeu-
tical effects.

An intervention in an advanced phase of development may 
benefit from showing an increase in quality of life (QoL) outcomes. 
Five of the trials analyzed used QoL; three of them were proce-
dures, while the other two were devices. The most frequently used 
outcome for analyzing QoL was the Parkinson’s disease 
Questionnaire (PDQ-39) that was utilized in two trials with a 
device as an intervention. Other measurements applied when the 
interventions were procedures (e.g., physical therapy) were the 
HRQOL and the UPDRS-II.

Some trials are performed in the population with advanced fea-
tures of PD like unresponsiveness to levodopa and abnormal move-
ments. These trials are interested in other measures besides the 
UPDRS. Ten trials used the total OFF time as a primary endpoint. 
Nevertheless, other outcomes for measuring disability were 
performed.

Although a reliable marker for PD has not been found, con-
temporary clinical trials included in our sample use neuroimaging 
techniques to assess the potential benefits of a treatment. For 
instance Schapira [35] used SPECT to tract striatal dopamine. 
Another good example of the use of a surrogate outcome for 
 neuroscientific investigations is the motor evoked potential (MEP) 
reported in the trials that applied noninvasive brain stimulation 
(NIBS). This has been proposed as a measurement of cortical plas-
ticity and is used to better understand the mechanism of action of 
brain stimulation. Another application of this assessment is to 
unveil the pathogenesis of PD. For instance, Eggers [36] used 
theta burst stimulation to show and impaired motor plasticity in 
PD patients.

Secondary outcomes are useful to generate future hypotheses. 
Therefore, the proper identification and selection of secondary 
outcome will dictate the exploratory ends of a study. Additionally, 
secondary outcomes are supportive for primary outcomes in 
Parkinson’s disease. Moreover, secondary outcomes underlie in 
the nonmotor symptoms associated with the clinical syndrome, 
and relate to quality of life improvement.

7.2 Secondary 
Outcomes
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In the studies analyzed, an important proportion of trials used 
patient diaries to record the ON and OFF periods. Most of these 
trials used dyskinesia as a primary outcome. To make this measure-
ment reliable, the researchers must ensure that the patients know 
about its appropriate usage. In fact, some researchers excluded from 
the study the patients that were incapable of successfully filling the 
diaries. Another purpose of the diaries was to record the quality and 
the amount of sleep. This is important in the studies that chose the 
OFF time as a primary outcome because the amount of hours spent 
in this period depends on the time that the patient is awake. Using 
patient diaries has also the advantage of limiting recall bias since the 
outcome is not only based in a single measure.

Before an intervention is translated to the clinical practice 
other aspects beside effectiveness should be accounted. These deci-
sions are also supported by social and economic data that can be 
gathered through clinical research. For instance, trials that involved 
a procedure commonly described the additional benefits of an 
intervention. Examples of this outcomes are cost, caregiver burden 
and user satisfaction.

Even if the purpose of the trial is to establish efficacy or effec-
tiveness, safety data should be collected and displayed. For instance, 
concerns about cognition in trials with DBS have made the mea-
surements of this outcomes necessary practice.

Non-motor symptoms (NMS) of PD are beginning to be con-
sidered in the design of clinical trials. The NMS included in our 
search were: fatigue, insomnia, depression, sleep, dementia and 
psychosis. We recommend using NMS outcomes as secondary 
measures in trials designed to find a difference in motor outcomes 
and to keep QoL. A good example of this practice is the Movement 
Disorder Society-(UDPRS). To advance the understanding of PD, 
there is also a need to better characterize NMS. For this purpose, 
clinical trial could plan post-hoc analysis of clusters of patients 
exhibiting different NMS [24].

The results from the trials included for gene therapy (GT) 
delivery are negative for the primary outcome. Enrolling patients 
with recent diagnosis could be beneficial. Some of them used 
F-DOPA positron emission tomography (PET) as a biomarker for 
nigrostriatal dopamine pathways [37]. The development of cheaper 
and better biomarkers such as I-FP-CIT SPECT will also boost the 
field. Other improvement on the field will include: the use of 
higher doses and long term delivery. The possibility is also open for 
combining other treatment strategies with GT [38].

8 Sample Size

The sample size represents an essential part of the study and its 
importance relies on the ability to detect significant differences. In 
all randomized clinical trials the number of subjects should always 
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be large enough to provide a reliable response to the research ques-
tions addressed [39]. Therefore, considering a small sample size 
should always be carefully planned, as the power tends to be low 
thus the desired effect may not be successful.

Sample size calculation represents a pivotal part of clinical trial 
design. Trials with a small sample size could be underpowered and 
therefore lead to failure to reject the null hypothesis. On the other 
side, studies with big sample sizes would expose more subjects to 
unnecessary risks. In order to replicate the calculation of a sample 
size of a given trial one needs to know the alpha, the power, and 
the expected treatment effect. While alpha and power are defined 
by the researcher, the mean intervention effect needs to be estab-
lished by choosing a minimal clinically significant (MCS) or use 
information from previous pilot studies, meta-analysis of RCT. In 
addition, accounting the expected amount of dropout rate is also 
important.

From the articles included, only 56% reported any sample size 
calculation. Only 20% included all the elements that enable proper 
replication of sample size calculation (Table 8). The preferred 
method for estimating the minimal clinically important difference 

Table 8 
Sample size calculation

Category

Alpha Proportion of articles
0.05 99%
Not described 1%

Power
≤80% 53%
>80% 32%
Not described 15%

Methods for effect size estimation
MCID 10%
Pilot 6%
Previous study 41%
Mixed 4%
Not described 39%

Estimated dropout rate
<10% 6%
10–20% 18%
≥20% 12%
Unspecified 6%
Not taken into account 58%
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was the use of previous literature. In general, increasing the sample 
needed based on dropout rate for purposes of sample size calcula-
tion should be made.

In some trials, the selection of more than one primary out-
come was considered. In such cases, the estimation of the treat-
ment effect must include both measurements. The studies that 
required this correction, one used the Bonferroni method and two 
implemented a stepwise gate keeping procedures [40]. In the first 
case the adjustment for multiple comparisons leads to a loose of 
power while the second avoids this expense. In addition, another 
important factor to consider when performing a sample size calcu-
lation is to choose between a one tailed and a two-tailed test.

Just one trial used an adaptive design for a sample size recalcu-
lation. This means that a prespecified time-point the authors check 
the assumptions that were made for the initial sample size calcula-
tions and make adjustments based on this information; however, 
the process needs to be prespecified and only nuisance parameters 
should be checked. Another trial recalculated the sample size based 
in a power analysis but did it in an unspecified approach [41]. In 
the former case, the recalculation yielded a sample size much big-
ger than anticipated. No previous trial had used this primary out-
come to estimate the effect size of the intervention tested.

9 Analysis and Stoppage Criteria

Recommendations on trial design changes or early termination, 
could be detrimental to study credibility if the stopping rule is for 
efficacy. Only four of the analyzed trials had to stop prematurely. 
There are few examples to illustrate stoppage criteria in our findings. 
For instance, in one case, the shelf life of the active substance reached 
its limit [42]. In the trial of Trenkwalder [32] the manufacturing 
process changed in a way that compromised blinding. Both of these 
studies were phase III which highlights the importance of taking 
into account factors associated with the properties of substances for 
the planning of a trial. In a phase 4 trial the sponsor decided to call 
one trial off because of safety concerns lifted by animal models [43]. 
The last trial was stopped [41] because of the results of sample size 
recalculation. The latter is discussed in the Sect. 8.

An interim analysis is a prespecified time-point in which the 
data is analyzed for matters of security and/or efficiency. If it the 
results demonstrate that the treatment is effective, then the trial 
may need to stop. However, the cost of performing an interim 
analysis is the decrease of power associated with a higher likelihood 
to reject the null hypothesis. Three studies of our sample con-
ducted an interim analysis. They were all conducted in a period of 
time longer than 6 months. Two of them involved DBS and 
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therefore, safety was a main concern [44, 45]. The other one stud-
ied an intervention for which effect size is unclear and therefore 
was performed to verify the assumptions of sample size calculation 
[46]. Benninger [41] performed an interim analysis on the basis of 
subjective lack of improvement.

10 Randomization

The randomization process is an important highlight of random-
ized controlled clinical trials; it provides equality between the 
assigned intervention and control. Generally, inter-subject variabil-
ity must be balanced throughout the randomization process. The 
randomization assignment of participants into different groups 
should be equal and completely free of personal judgment to avoid 
selection bias.

There are several methods for making random treatment assign-
ments: simple randomization, permuted block randomization, 
stratified randomization and minimization/adaptive randomiza-
tion. The selection of the randomization method should be related 
to the identification of relevant population characteristics (e.g., 
Hoehn–Yahr scores (severity), disease duration, age, and institution 
(multicenter trials)) the objective is to distribute the population 
into homogenous subsets and to avoid imbalances on baseline char-
acteristics of treatment groups. Stratification results useful in small 
trials in which it can turn aside significant imbalances on prognostic 
factors. It will confer adequate balance (on the stratified factors) 
and probably slightly more statistical power and precision. On the 
other hand, an adaptive randomization design allows the random-
ization to be modified while the trial is ongoing.

10.1 General 
Concepts
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When a trial has no further stratification in a blocked design, 
the randomization method selected should have a fairly large block 
size to reduce predictability.

In some of the reviewed studies, the sample size was too 
small to allow stratification by more than two or three variables. 
We were able to determine the factors that usually led to the 
stratification (center, severity scales, site, gender, concomitant 
drug use, wave of participant entry, etc.). The stratification of 
these factors is generally related to the prognosis of the primary 
outcome. The total studies that used stratified randomization 
was 18% (Graph 7), the majority of these trials where catego-
rized by site/center (11%) followed by age and severity (Hoehn–
Yahr/UPDRS scale) with (4%).

On the other hand, adaptive randomization (5%) consisted 
mainly of minimization technique. Minimization is a dynamic allo-
cation method that aims to minimize imbalance among prognostic 
factors (14) the aim is to maximize efficiency in moderately sized 
trials containing 10–20 independent covariates. Thirty-nine per-
cent of trials did not mentioned type of randomization.

Randomization sequences are usually generated throughout cen-
tralized computer codes. A study needs to define who generated 
the allocation sequence, who enrolled participants, and who 
assigned participants. The personnel involved in generating the 
allocation mechanism should be different from the ones enrolling 
and assigning treatment.

Allocation concealment prevents researchers from (unconsciously 
or otherwise) influencing which participants are assigned to a given 
intervention group [47]. Researchers should devote appropriate 
resources to doing the randomization generation properly and 
reporting their methods clearly.

11 Blinding

Blinding indicates that knowledge of the intervention assignment 
is hidden from participants, trial investigators or assessors [48]. 
Together with randomization, blinding is a key aspect to avoid 
bias in clinical research. Proper blinding prevents participants and 
assessors of knowing treatment allocation status. Therefore, 
researchers should devote interest in the methodological aspects 
of blinding.

According to the CONSORT guidelines; blinding should go 
further than just explaining single or double blind, but also detail-
ing who was blinded and how. Investigators unaware of treatment 
assignment are more likely to remain impartial to the judgment of 

10.2 Sequence 
Generation 
and Implementation

10.3 Allocation 
Concealment
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outcome measurement, thus leading to a greater credibility of 
results. In contrast, awareness of the treatment offered in any end 
(participant or investigator) leads to observer bias.

Appropriate blinding relies upon the nature of the treatment 
offered. In other words, due to the nature of certain interventions 
(such as, surgery or physical therapy) it may become unfeasible to 
blind. Under these circumstances, researchers should consider 
performing single-blind or nonblinded studies. Nonetheless, if 
blinding is not possible investigators can take other measures to 
reduce the risk of bias.

Inferred from our findings, there is a moderate prevalence of open 
label trials in PD research (28%) most of which resulted as proce-
dure or device trials (16%) (See Graph 1 of Chap. 4). More inter-
estingly, some open label studies illustrate how sometimes 
mimicking an intervention is not possible. A good example for this 
is a study by Mueller et al. [49] where the main outcome was blood 
levels of homocysteine (surrogate outcome), after treating patients 
with levodopa/carbidopa intestinal gel. Complex procedures like 
this imply a series of challenges for the researcher to address prop-
erly, without unblinding in a masked setting.

Outcomes figure an important part of blinding, because they 
are prone to subjective interpretation and consequently more likely 
to have bias. Most outcomes in PD clinical trials are considered to 
be subjective outcomes (particularly, clinical outcomes, such as the 
UPDRS score) for that reason more blinding is needed for these 
types of outcomes. On the other hand, surrogate outcomes tend to 
be more objective and less likely to bias. Blinding becomes less 
important to reduce observer bias as the outcomes become more 
objective [48]. Another point from Mueller et al. is that knowl-
edge of the intervention in this case does not affect measurement 
on the primary outcome—however this concept should be carried 
out with caution; as surrogate endpoint does not necessarily mean 
objectivity in the outcome.

The predominant trend of blinding in our search was double- 
blinded trials (49%). As expected, many of the drug trials where 
double-blinded studies (39%). Thus, the protection against bias is 
best achieved with this type of blinding. Consequently, placebo- 
controlled trials in our search were the only ones to report blinding 
assessment.

In contrast, single-blinded studies were less prevalent than 
double and unblinded studies in our search (23%). For the major-
ity of these trials (Procedure 15%), participants and therapists were 
not blind given the nature of the treatment, but independent raters 
where. Participants were instructed not to discuss the nature of 
their procedure with the outcome assessors.

11.1 Blinding in PD 
Trials
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Recent studies with DBS prove that many treatment arms in PD 
trials involve surgery; this trend has led to important discoveries in 
blinding techniques. Having said that, many researchers outsmart 
some of the challenges involved in surgery trials. A good example 
for this is a study from Follet et al. [50] where the authors com-
pared bilateral deep brain stimulation to best medical therapy in 
patients with advanced Parkinson’s disease; patients were required 
to wear caps to blind the evaluators to the presence or absence of 
brain surgery scars.

Another example is a study by Schuepbach, WMM et al. [51] 
where the author performed the blinded assessments based on pre-
operative and postoperative standardized video recordings obtained 
at baseline and at 24 months. Interestingly, other authors reported 
a similar blinding technique.

Furthermore, keeping blinding throughout clinical trials is 
challenging. Interventions that relate to a high rate of side effects 
(therefore, allow a possible detection of the intervention) tend to 
be more likely to unravel blinding; researchers can address these 
challenges by following a strict protocol (refer to section 12). 
Unblinding can occur due to several reasons, the most important 
are related to presence of side effects or an emergency situation. 
In our review, only two authors revealed the rate of unblinding 
[12, 52].

As a result from our findings, the majority of the trials did not 
mention blinding assessment (73%). Nevertheless, authors should 
consider whether the participants where truly blinded and relate 
how successful the blinding was (especially, if it is a placebo- 
controlled trial). The following outlined box, shows a good exam-
ple how a PD trial reported blinding assessment.

12 Adherence

Adherence to study termination is crucial. Previous studies on 
Parkinson’s disease clinical trials, suggest that PD participants are 
adherent to study medication and dropout rates are low [3]. 
Nevertheless, because of the natural evolution of this clinical 
syndrome, it is complicated for many patients with PD to remain 
untreated or remain on a stable dose of dopaminergic therapy for 
the duration of the trial follow-up.

The general percentage of adherence rate in the PD trials was 
of 86.92% (SD 9.85). Interestingly the trials with higher rate of 
adherence where those who had a lower rate on the follow-up vis-
its; followed by trials that involved physical therapy as a primary 
endpoint. Thirty-eight percent of the trials did not report the 
adherence rate. Therefore, the estimation is based in trials that 
included the adherence rate (see Graph 8).

11.2 Blinding 
Techniques

11.3 Blinding 
Assessment

12.1 Adherence 
in PD Trials
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Lack of adherence in a clinical trial may jeopardize the internal 
validity of the study; therefore, ensuring participant adherence is 
imperative. In our review (see Graph 9), different methods where 
directed to promote participant adherence: dose titration (11%), 
dosage flexibility (3%), participant compensation (3%), and others 
5% (home based programs, open label enrollment, compliance 
programs). The majority of the PD trials did not mention methods 
to improve adherence (72%) (Graph 10).

12.2 Methods 
to Improve Adherence
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13 Statistical Analysis

The intention-to-treat principle is defined as the analysis of all sub-
jects randomized despite of the treatment received or their compli-
ance to the study. This concept has a central role in RCTs because 
it protects the benefits of randomization. In other words, this 
principle normally safeguards against potential bias—helping to 
preserve the original balance of random assignment [54].

According to the CONSORT guidelines studies should state a 
clear description of exactly who was included in each analysis. 
More importantly, authors should also include a description of 
those who withdrew from the study before and after allocation and 
the reason why. This checkpoint is important mainly because it 
illustrates a flowchart that allows the reader to understand the 
breakdown of patient’s compliance to the study. In our review, 
64% of the trials used the ITT analysis, from which many per-
formed a modified ITT analysis. The majority of these studies pre-
defined their full analysis set as the patients that completed at least 
one treatment and one baseline measurement.

For instance, during trials using cell and gene therapy as inter-
vention, analyses included only the patients with an imaging study 
that showed the correct placement of the probe. Similarly, some 
authors decided to exclude patients from the primary analysis on 
the basis of their initial treatment response. Consequently, they 
tried to follow an attempt to find a study population in which the 
effect of a drug can be most readily demonstrated, also known as 
enrichment design. A different approach from Schapira et al. [35] 
was to include both ITT and modified ITT analysis depending on 
the pursued objective. If safety is the main concern, all the subjects 
that received the treatment should be analyzed as such.

However, if efficacy is the matter, then ITT is the gold stan-
dard. ITT and per-protocol analyses are advisable in noninferiority 
trials. This is substantial in PD trials, especially in delayed-start tri-
als because authors need to test the hypothesis of noninferiority 
during the second stage [15].

Many researchers believe that ITT analysis may result in an 
underestimation of the treatment effect, therefore is commonly 
considered a conservative approach for data analysis. From this 

13.1 ITT/
Per-Protocol

… On the third day after surgery and at all subsequent visits, patients 
were questioned for opinions about treatment assignments. In the 
questionnaire about masking done 3 days after surgery, nine sham- 
treated patients thought their treatment was AAV2-GAD, seven stated 
they did not know, and five guessed correctly.—LeWitt, PA et al. [53]
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viewpoint, it is important to mention that this approach has a 
greater potential to explore the robustness of the conclusions [39]. 
The ITT is regarded as a complete trial strategy for design, con-
duct, and analysis rather than analysis alone.

A key aspect for ITT analysis is to handle missing data (see 
Sect. 12.1) and perform a sensitivity analysis. Sensitivity analyses 
are useful to explore the effect of departures from the assumption 
made in the main analysis. On the other hand, the minority of the 
studies (36%) performed a completer analysis (on-protocol/on- 
treatment analysis). For instance, some trials that used physical 
therapy as an intervention replaced the patients that dropped out. 
In this case, using the data from both groups dropped-out subjects 
and replaced is necessary. Handling missing data in complete 
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analysis should be managed cautiously, as failing to report properly 
may lead to overestimate the treatment effect. Having this said, we 
can also compare the number of ITT/per protocol trials with posi-
tive and negative outcomes (see Graph 11).

The goal of inferential statistics is to use measurements from a sam-
ple to make conclusions about a population. In order to do so, 
researchers need to perform a hypothesis testing. To select the best 
test, an investigator has to take into account the type of dependent 
and independent variable and the distribution of the data. A nor-
mally distributed sample can be analyzed with parametric tests 
whilst a not normally distributed sample requires the use of non-
parametric methods or some degree of data modification. When 
the sample size is bigger than 100 subjects, the central limit theo-
rem can apply. Surprisingly, 28 trials used parametric test despite a 
small sample. Many of them did not thoughtfully justify their 
choice, including the verification of the assumptions. On the other 
hand, 14 trials with a big sample size used nonparametric tests. 
Some of this trend can be explained because of the categorization 
of the outcomes into clinically meaningful ranges.

Because the UPDRS was the preferred primary outcome, we 
describe the methods that were used for analyzing it. As a continu-
ous outcome, the UPDRS allows for a variety of statistical tests. 
For instance, 20 trials preferred to use parametrical tests as com-
pared to only six that selected nonparametric analysis for hypoth-
esis testing. Interestingly, phase I trials that did not had a comparator 
chose ANOVA and t-test for evaluating the outcome. This was 
specially the case of interventions related to gene therapy that had 
small sample sizes but long follow-up periods. The most com-
monly used parametric test was ANOVA (n = 8), followed by 
ANCOVA (n = 6), linear regression (n = 4) and t-test (n = 3). With 
respect to nonparametric tests, Kruskal–Wallis was used in two 
occasions while Mann–Whitney, Wilcoxon, Friedman, and permu-
tation tests were used one time each one. In two cases, the statisti-
cal method for analyzing the UPDRS was not mentioned and in 
one only descriptive analysis was performed.

For statistical tests to yield robust results, a number of assump-
tions must be tested. For instance, trials with sample sizes of <100 
should verify normality or transform the value of the outcome in 
the case that this requisite is not satisfied. Other assumptions like 
the homogeneity of variances must also be tested. Moreover, it is 
important to acknowledge that nonparametric tests must be applied 
if the assumptions necessary for parametric tests are not met.

Traditionally, researchers choose a priori a statistical method 
according to the nature of the outcome and the independent vari-
able. If a trial evaluates only motor outcomes, its results can be 

13.2 Hypothesis 
Testing
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misleading because other important endpoints can also be affected. 
This concern has motivated the development of other strategies for 
analyzing clinical trials in PD. Huang et al. used a multiple regres-
sion model termed global statistic test (GST) in order to “allow the 
assessment of clinically relevant outcomes rather than the artificial 
selection of a single primary outcome”. In our article selection, only 
one trial by Murat et al. [55] chose not to select a primary outcome. 
In this case, authors used ANOVA for performing the analysis.

Another option for data analysis consists in determining what 
a clinical significant improvement means and then categorizing the 
data. This strategy provides the advantage of making the data eas-
ier to interpret from a reader’s perspective and more meaningful 
from a clinical point of view. Recently, Schulman et al. [56] deter-
mined a cutoff for the clinical significant improvement in the 
UPDRS. The methods to assess clinical improvement include the 
anchor and the distribution-based approaches. Another strategy 
consists in using triangulation to determine a value that takes into 
account each method.

Two of the studied trials used only descriptive statistics. In one 
case, the population was too small to allow for any kind inferences 
whereas in the other scenario, the outcome was the result of a sur-
vey. Noticeably, two reports from trials did not include any descrip-
tion of statistical analysis. Predictive analytics is a field of statistics 
that uses previous information to anticipate events in the future. 
One of the trials used a simple prediction error learning model to 
try to prognosticate the influence of DBS in cognition [57]. These 
methods can be extended to other areas of PD research.

Missing data are values that could potentially change the results of 
a study if not accounted. Therefore, researchers should highlight 
the role of design and trial conduct to limit the effect of missing 
data on regulatory decisions [58]. There are many reported strate-
gies to handle missing data; in this topic, we highlight the pre-
ferred methods for PD trials.

First of all, researchers should know how much of a challenge 
it is to deal with missing data. Authors should bear in mind that 
the strategies to handle missing data should be prespecified as a 
part of the research protocol, but more importantly to limit 
missing data in the first place (see suggested readings).3 Another 
recommendation is to consider the use of more than one strategy 
to check if the inferred results vary.

In this review, last observation carried forward was preferred 
(31%). For instance, clinical trials using UPDRS score (or 

3
 Little, R (2014) The Prevention and Treatment of Missing Data in Clinical 

Trials. N ENGL MED 367;14.

13.3 Missing Data
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continuous outcomes scales) as primary outcome used this 
method. The National Research Council states in a report of 2014 
that unless there is scientific justification to the assumptions made, 
this method should be used. Parkinson’s disease is characterized 
by a slow and chronically progressive clinical stage, thus clinical 
rating scales are problematic in handling missing data because the 
assessments are time sensitive [59]. Therefore, the results cannot 
be retrospectively inserted.

An interesting assumption from this type of imputation; are 
disease-modifying trials in PD. The fact that a treatment is hypoth-
esized to arrest the progression of the disease can make LOCF a 
powerful imputation method even if the patient becomes noncom-
pliant, because the treatment may still have some long-term effect. 
Therefore, it is assumed to be more useful in this type of cases. 
Even though this simplistic method is widely applied in PD research 
the reliability should be handled cautiously as it often adds unreal-
istic results.

On the other hand, reported literature suggests [59] the use of 
prorated score since this implies substituting the mean of all values 
until half of the data is collected. Consequently, it proves to be a 
further trustworthy method. The reason why relies on the assump-
tion that items share variance, thus measuring the same construct 
and subsequently using homogeneous values. An important incon-
venience of this method is that it cannot be performed if more than 
20% of the values are missing

Investigators should consider if they are willing to rely on 
unstable assumptions for missing data or reinforce avoiding miss-
ing data. Either way, focusing on the proper imputation should be 
more than just the type of outcome (clinical, surrogate or func-
tional) but to dogmatically consider all the medical aspects of the 
condition studied.

The majority of subgroup analyses are exploratory in nature, and 
no significance testing should be performed unless an alpha level 
needed to achieve significance is attributed to the comparison of 
interest in advance [60]. According to the CONSORT guidelines 
subgroup analysis should be reported consistently as failing to do 
so may lead to bias. In other words, authors should do analysis 
only if they were previously prespecified in the protocol. Otherwise, 
authors should remain cautious to perform many subgroup analy-
ses. In our review, 64% of the studies described secondary analysis 
for the interventions used, and 36% did not report additional anal-
ysis for secondary outcomes.

13.4 Additional 
Analysis
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14 Limitations

The ultimate source of bias on randomized clinical trials is their 
restriction to interventions that are supposed to have a positive 
effect [61]. Moreover, this limitation is often related with the con-
sistency of the research question, some clinical trials do not provide 
the answers to the questions initially proposed [61]. In fact, for 
many studies the perspective of the effects of the intervention in 
the quality of life or costs is not addressed, which is substantial for 
PD population. In addition, the CONSORT guidelines state that 
limitations should figure a part of the discussion and therefore clar-
ify the general pros and cons of the study. For all potential sources 
of bias, it is important to consider the magnitude and the direction 
of the bias (2)

In our review, we summarized the frequent limitations that 
were often confronted in PD clinical trials, such as sample size 
restrictions, follow-up duration, study inclusion/exclusion criteria 
and blinding. Eighteen percent of the reviewed studies omitted to 
add limitations in their study.

The study sample size is amongst the most frequent limitations 
for this review (15%). Recent studies mention the challenges for 
recruitment in PD trials. The majority of trials involving PD have 
sorted patients accordingly to disease severity. This leads to a low 
recruitment yield attributed to high comorbidity, dependency and 
caregiver burden. Among other common limitations in PD are the 
study inclusion/exclusion criteria. Since it is possible to encounter 
difficulties to generalize the results because the studied population 
is variably different from the population treated in normal life. A 
good example for this is a study by Guidubaldi et al. Botulinum 
Toxin A Versus B in Sialorrhea, where the authors selected PD and 
ALS patients; in this case it is doubtful to rely in the results for PD 
population only.

Alternatively, extensive follow-up visits or lack of follow-up vis-
its (20%) can lead to bias. For extensive follow-up visits—attrition 
bias is common; this term refers to systematic differences between 
groups in withdrawals from a study. Study withdrawals lead to 
incomplete outcome data; therefore, researchers should know how 
to address these challenges by improving compliance methods to 
the study and avoid dropouts. Similarly, patient exclusions refer to 
situations in which some participants are omitted from reports of 
analyses (treatment changes, motor complications, etc.), despite 
outcome data being available to the investigators.

On the other hand, due to the nature of some interventions, 
blinding could often become a limitation for some of the studies, 
particularly those involving a physical therapy intervention or sur-
gical procedures, in which the study is normally was single blind 
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(23%) or open label, which leads to an awareness of the interven-
tion. Thus, this bias leads to a less powerful conclusion. One exam-
ple is the use of sham brain surgery in PD. This procedure is 
regarded as essential to control for placebo effects in surgical inter-
ventions for Parkinson’s disease, particularly for the effects of 
DBS. The failure of multiple double-blind trials of surgical thera-
pies for Parkinson’s disease to confirm the results of open-label 
trials illustrates this point (3). Interestingly, some trials attributed 
open-label trials as unrandomized by default which also leads to 
less reliable results.

Other limitations (23%) included: technical constraints, for 
instance one study mentioned that the accelerometers where not 
able to produce valid information about spatial parameters of gait 
(such as, step length, walking distance, and speed). Unquestioned 
limitations, included: inadequate outcome measures, lack of con-
trol group, and uncontrolled analysis of data (multiple analysis, 
without performing alpha-spending). Researchers should be 
extremely aware of any source of limitations in the trial, and more 
importantly to report these in the manuscript. Reporting transpar-
ency leads to a higher credibility.

15 Conclusions

The concept of randomized clinical trials has been widely recog-
nized over the years as a strong approach to improve clinical prac-
tice and treatment for patients with Parkinson’s disease or any 
other conditions. Clinical trials are a powerful mainstay for clinical 
research; treatment improvement remains limited to modifying 
disease drugs and symptomatic relief research studies. An impor-
tant aspect of Parkinson’s disease trials is using the outcome assess-
ment in order to determine the optimal treatment.

In this chapter, different studies outline the importance of a 
coherent and concise research question that goes followed by a 
proper methodology design and therefore, a better compliance to 
study protocol. Researchers should acknowledge that the proper 
selection of trial design is contingent to the research question, 
design, and the type of outcome selected.

In Parkinson’s disease, the most common outcome measure of 
disease severity and treatment response is the motor outcome 
UPDRS score (before or after concomitant l-dopa use). Although 
the results of this study point towards an increasing number of 
future studies assessing novel biomarkers as surrogate endpoints. 
Further collection and categorization of clinical trials would be 
required to determine optimal methodology selection. The goal is 
to outline the importance of the research question and select the 
correct pathway to execute.
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Throughout this revision we have verified that the nature of 
the intervention is critical for the design of a trial. Trials that test 
the disease-modifying potential of an intervention are fundamen-
tally different that those involved in the management of complica-
tions or nonmotor symptoms. Likewise, nonpharmacologic 
interventions, including devices and procedures share challenges in 
some features in design including blinding and the choice of an 
appropriate comparator.

New clinical trials for Parkinson’s disease should incorporate 
innovative designs, such as adaptive and delayed-start design. In 
addition, it can also be predicted that outcome-measuring tools 
will include Internet based applications. Clinical trials will benefit 
from the search of biomarkers including those from 
neuroimaging.
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Chapter 6

Dystonia

Celeste R S De Camargo, Daniel Dresser, Laura Castillo-Saavedra, 
and Felipe Fregni

Abstract

Dystonia is a chronic neurological disorder that hinders the quality of life of affected individuals and causes 
serious disability. It is often an underdiagnosed or misdiagnosed condition due to the lack of clinical crite-
ria and insufficient amount of research studies on the field. With the main goal of exploring methodologi-
cal aspects of clinical trials in Dystonia, a review of the literature was conducted through the database 
engine “Web of Science,” searching for the 100 most cited trials in Dystonia, published between 2005 and 
2015. This chapter discusses the findings of this review and provides recommendations for augmenting 
future research studies in the field.

Key words Dystonia, Dystonic disorders, Neurology, Clinical trials

1 Introduction

The term “dystonia” was first used by Oppenheim in 1911 to 
describe a condition causing variable muscle tone and recurrent 
muscle spasms. Currently, dystonia is defined as a sustained muscle 
contraction, with repetitive twisting movements, and abnormal 
posture [1]. The cause of this disorder remains unknown; how-
ever, the most accepted theory is that it occurs as a consequence of 
damage to the basal ganglia or other brain regions that control 
movement; nonetheless, no abnormalities are found in diagnostic 
imaging. The etiology can be genetic, acquired or idiopathic. Some 
cases of dystonia have been attributed to medications, trauma, 
infections, vascular, and metabolic conditions, among others. 
Symptoms are diverse and can include uncontrolled simultaneous 
contraction of agonist and antagonist muscles,which can manifest 
as neck turning, uncontrollable eye blinking, dysphonic speech, 
among others. Dystonic movements can be both fast and slow, and 
tremor may be present or not [1].

It is difficult to assess the prevalence of dystonia, however, esti-
mates show that around 300,000 people are affected in the USA 
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and Canada alone and primary dystonia occurs in 11.1 per 100,000 
people [2]. It can affect men, women and children of all ages and 
backgrounds, and can be classified according to clinical character-
istics, topographic distribution, age of onset and cause. It is fre-
quently classified as generalized dystonia (affects most or all of the 
body), focal dystonia (restricted to a specific part of the body), 
multifocal dystonia (involves two or more unrelated body parts), 
segmental dystonia (affects two or more adjacent parts of the 
body), and finally hemidystonia (involves the arm and leg ipsilater-
ally). The most frequent types of dystonia include cervical, blepha-
rospasm, hand, oromandibular, occupational, and laryngeal 
dystonia [3]. If patients develop symptoms before the age of 30, it 
is considered to be an early-onset or childhood-onset, and if this 
occurs afterward, it is referred to as late-onset or adult-onset. The 
classification according to age is extremely important because early 
onset cases usually evolve from a focal limb dystonia to the severe 
generalized form, while the late onset usually only affects cranio-
cervical muscles, therefore, remaining local [1].

Dystonia is sometimes considered to be a rare condition, how-
ever, it is under or misdiagnosed; this might possibly be due to lack 
of specific clinical criteria. A recent meta-analysis on dystonia 
revealed that there are no existing guidelines on the topic [3]. 
Dystonia is a chronic and disabling condition [3] that can seriously 
hinder quality of life in patients who suffer from it, therefore there 
should be treatment alternatives that can be safely used in a long-
term basis, effectively decrease symptomatology and improve qual-
ity of life. At the moment, there are no medications to prevent 
dystonia or slow its progression, all available treatments are directed 
toward minimizing symptoms, such as botulinum toxin, medica-
tions, and deep brain stimulation (DBS).

The aim of this chapter is to provide possible methodological 
recommendations that can guide researchers in the field of dysto-
nia in designing clinical trials. We analyzed the characteristics of 
the 100 most cited Dystonia clinical trials since 2005. The topics 
covered are based on the CONSORT guidelines and include: trial 
designs and settings, phases of study, sample selection, 
interventions, choice of outcomes, sample size, interim analysis 
and monitoring, randomization, blinding, adherence, statistical 
analysis, assessment of biases, and confounding factors.

2 Methods

We conducted a review of the most cited articles on dystonia since 
2005 using the Web of Science database. Our search was con-
ducted using the term “Dystonia,” which had to be included in all 
article titles. Results were then filtered so that only prospective 
clinical trials were selected. Initially, we limited our search to the 
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last 5 years; however, this did not yield a sufficient number of arti-
cles (63). We subsequently expanded the time interval of the search 
to 10 years (2005–2015), this yielded 144 articles, of which 44 
were excluded. The most prevalent exclusion criterion of the arti-
cles was an observational design. This is summarized in Fig. 1.

3 Initial Results

The articles analyzed were published between 2005 and 2015, 
with a relatively stable number of publications throughout the 
reviewed years. Yearly publications on dystonia ranged from a high 
of 15 in 2009 to a low of 6 articles in 2010 (excluding 2015) 
(Table 1).

From the 100 articles, only 37 followed CONSORT criteria, while 
63 of them did not evidently follow this guideline. In these cases, 
in which the CONSORT items were not clear, we inferred the 
information, and if this was not possible, it was then classified as 
“not mentioned.” Most articles were published in journals with 
impact factors lower than 6. Only 5% of them were published in 
top impact factor general journals: three in The Lancet Neurology 
and two in New England Journal of Medicine.

The great majority of the articles, 86% were positive for the pri-
mary outcome (Graph 1). This may indicate that articles with neg-
ative results were less published or received less citations. 
Publication of well-designed studies with negative results is essen-
tial, since learning that a certain drug/device/procedure is ineffec-
tive is as valid as learning the contrary. The ultimate goal of a 
researcher should always be advance scientific development.

3.1 Publications 
Throughout Time

3.2 Journals 
and Citations

3.3 Primary 
Outcome: Positive or 
Negative and Journals

Dystonia
Since 2010: 63 articles

Dystonia
Since 2005: 144 articles

Not enough articles, therefore we enlarged 
the time interval

Dystonia
Since 2005 after exclusions: 
100 articles

44 articles excluded, mostly because they were 
observational studies and in different languages 
other than English 

Fig. 1 Flowchart of search for clinical trials in Dystonia

Dystonia
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Table 1 
Summary of initial results

Summary of results

Year N
2005–2007 27
2008–2010 32
2011–2013 30
2014–2015 11

Phase
Pilot 25
I 5
II 45
III 10
IV 2
Phase not clear 13

Trial design
Not randomized 54
Randomized 46

Drug/device/procedure
Drug 50
Device 4
Procedure 46

Primary outcome
Positive 86
Negative 14

Journal follows CONSORT guideline
Yes 37
No 63

Number of citations
0–50 87
51–100 4
101–150 6
151–200 1
>200 2

Impact factor
0–5 79
6–10 15
11–15 0
16–20 0
21–25 4
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4 Trial Design, Phases, and Settings

The choice of an appropriate trial design to fit the final purpose of 
the trial is crucial. In this analysis, 55% of the studies were random-
ized. Randomization is an important method to ensure internal 
validity and minimize imbalances between arms. Blinding both 
investigators and patients is necessary to avoid certain types of bias, 
such as performance and selection bias. Having a controlled study 
diminishes chances that results are due to placebo effect and thus 
attributes the findings to the actual intervention.

Fourteen percent of the trials we analyzed were crossover stud-
ies. In this type of design, patients receive both interventions at 
different times, and therefore it is possible to maximize the amount 
of information coming from patients as well as compare the effects 
of both treatments in the same subject, increasing the power of the 
study. This is even useful during recruitment, as patients are aware 
that they will all receive active drug/device/procedure, however, it 
is necessary to change from one treatment to the next without 
affecting blindness. A disadvantage of crossover designs is the car-
ryover effect, which is when it is difficult to attribute the effect to 
a specific intervention, and therefore, the major problem is the 
inability to derive an unbiased estimate of the treatment effect 
when differences occur because of the different sequences in which 
treatments are applied [4]. Out of the 100 articles, 11 were cross-
over studies. Seven of them did not mention any issues regarding 
their study design and its possible consequences; however, 
Tassorelli et al. (article 29) stated that no carryover effect was 
observed. Bonanni et al. (Articles 32) justified the use of a cross 
over design to avoid the known placebo effect in the treatment of 
Parkinson’s disease. Thomas et al. (article 56) recognized the pos-
sible problems with this study design; however, they believe that in 
the case of their study, the advantages outweighed the disadvan-
tages. They diminished the inherit risk of bias by random delivery 

86%  Yes

14% No

Graph 1 Description of positive vs. negative results for primary outcomes
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of both interventions at each visit, avoiding an order effect. 
Regarding any carryover effect, the authors assumed that they 
were negligible since subjects returned when symptomatic. Rieu 
et al. (article 96) adjusted for any issues regarding carryover effect 
in the statistical analysis by the use of mixed models with unstruc-
tured variance-covariance to compare the effect of epidural MCS 
on dystonia, spasticity, and pain intensity of patients including 
period, epidural MCS, sequence, and possible carryover as fixed 
effects.

Other factors that can invalidate the findings of a crossover 
trial include nonuniform pharmacologic and psychologic carryover 
effects, failure to return patients to their baseline state before the 
crossover, changes in the patients over time, and the use of time-
dependent response measures [4]. In order to minimize these 
problems, wash-out periods should be implemented between one 
treatment and the other as to attribute each effect to it’s respec-
tive intervention. All of the analyzed studies that made use of 
crossover designs mentioned the use of wash-out periods. The 
washout periods varied from 10 days (article 26) to 1 month (arti-
cles 84 and 90).

An open-label study is one in which neither the patient nor the 
investigator is blinded and therefore they are both aware of the 
intervention. This type of study is usually used for three main rea-
sons: firstly to make the effective but not yet licensed drug avail-
able for subjects who have been initially randomized to the placebo 
arm (this may be due to ethical requirements or simply a means of 
enhancing recruitment) [5]; secondly, because there is the need for 
lengthier and more profound research on adverse effects that have 
not been thoroughly explored in the original RCT; and finally to 
demonstrate continued efficacy of the drug over a longer period of 
time or to show that participants randomized to receive the active 
treatment during the open-label phase achieved similar outcomes 
to those who received the drug from the beginning of the parent 
RCT [5]. A significant number of articles, 28%, were open-label 
trials. Hauser et al. (article 92) assessed Abobotulinumtoxin A’s 
(Dysport) safety, tolerability and dose–response for cervical dysto-
nia, and they chose to use an open label study so that their results 
could be comparable to other similar ongoing studies which also 
used this design. Tarsy et al. (article 77) preferred to use an open-
label study design to test levetiracetam for the treatment of cervical 
dystonia since it was a pilot study.

Each study phase has a purpose and different characteristics 
regarding its objective, population size, and duration. Pilot studies 
are preliminary projects that access viability before a larger project 
is put into practice. Few trials (10%) were pilot studies. For exam-
ple, Sanger et al. (article 36) chose to carry out a pilot study in 
order to obtain preliminary data on appropriate doses and side 
effects before designing a larger study, as they would first need this 
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crucial information. Vidailhet et al. (article 7) also carried out a 
pilot study to assess the effects of bilateral pallidal stimulation on 
motor impairment, functional disability, and quality of life in 
patients with dystonic choreoathetosis. Indeed, the percentage of 
pilot studies is higher than one should expect and especially those 
studies receiving a large number of citations. The large number 
comes from the fact that it is challenging to run a large study in this 
condition and given the invasive therapies tested that usually are 
tested initially in a low number of subjects.

Phase I trials assess safety, side effects, timing, dosage, pharma-
cokinetics, and pharmacodynamics, and are usually carried out in 
healthy subjects, in sample sizes smaller than 200 subjects and gen-
erally take from 12 to 18 months. This was the case of 5% of the 
trials analyzed. For example, Chinnapongse et al. (article 86) made 
use of a phase I trial to investigate dose-escalation, safety, and tol-
erability of rimabotulinumtoxinb in in the treatment of cervical 
dystonia.

Phase II trials are used to analyze efficacy and safety, proof of 
concept, as well as dose adjustments. However, in this phase, safety 
is analyzed in a larger sample, usually ranging from 300 to 500 
subjects, taking from 1.5 to 2.5 years to be completed. Out of all 
the articles we analyzed, 44% were phase II trials. Benecke et al. 
(article 6) for example, recruited 466 patients to prove the efficacy 
(proof of concept) of a botulinum toxin type A free of complexing 
proteins for the treatment of cervical dystonia.

Phase III trials are usually pivotal studies that evaluate effec-
tiveness and safety in large sample sizes, around 2000–3000 sub-
jects and take longer to be concluded (~3–4 years). Ten percent of 
the studies analyzed were phase III trials.

Phase IV trials are post marketing studies that test efficacy and 
safety in a heterogeneous population, analysis of long term effects, 
and are usually preformed as open labeled studies. This phase is 
vital in order to collect information of broad adverse effects the 
drug (procedure or device) may have as well as side effects that can 
be used to attribute more than one finality to the intervention. 
This was the case in 2% of the trials. Dressler et al. designed a phase 
IV trial to assess long-term efficacy and safety of incobotulinum-
toxinA injections in patients with cervical dystonia.

Thirty-five percent of the trials were multicenter studies 
(Graph 2). This type of study has a good acceptance within the 
scientific community as it has many advantages: faster recruitment 
of patients, clearer results which are more convincing as the patient 
sample of multicenter trials representativeness [6]. More than one 
site taking part in the project guarantees a more heterogeneous 
study population and therefore more representative of the target 
population, increasing external validity and generalizability. 
However, multicenter trials require strong efforts for quality assur-
ance concerning admission, treatment and follow-up, thus a highly 
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developed coordinating center is needed to ensure and protocol 
compliance [6]. With the progression in phases, studies tend to a 
multicenter design, therefore phase I is usually single site trial, 
phase II is either single or multicenter trial, while phases III studies 
are almost all multicenter with phase IV studies occurring in the 
post marketing setting. Since most of the studies analyzes were still 
in the early phases (Pilot and phase II mainly), 59% of them were 
executed in a single center.

5 Population

Target population is the group of people in which the treatment is 
directed to, nonetheless, it is not possible to study all of these sub-
jects. Patients who could feasibly be included in the study are the 
accessible population. Finally, the study population is composed of 
those subjects from the accessible population who fit the inclusion 
criteria and are therefore included in the study (Fig. 2). Similar to 
most clinical trials, convenience nonrandom sampling was the case 
in all the studies analyzed.

Eligibility criteria have to be very well determined and applied in 
order to maintain high validity, being that internal and external 
validity are inversely related. The stricter the inclusion and exclu-
sion criteria the more homogeneous the study population becomes, 
which increases internal validity however decreases external validity 
since the target population is very heterogeneous. Nevertheless, 
broad eligibility criteria lead to a very heterogeneous population 
which would increase external validity and consequently generaliz-
ability, however, this may increase study variance and affect the 
likelihood of responding the research question adequately. For 
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instance, if the diagnostic criteria is too inclusive; then it is possible 
that patients without the studied condition are included and thus 
affecting the internal validity of the study. Ideally, trials should 
have both high internal and external validity, therefore, a balance 
between them should be met.

Inclusion criteria from the articles analyzed included patients 
from both sexes, mostly between 18 and 65 years old (except for 
studies in which the target population was pediatric), diagnosed 
with primary generalized dystonia, and severe impairment in the 
ability to perform the activities of daily living despite optimal medi-
cal management, normal neurologic examination except for dysto-
nia using 24 on the Mini-Mental State Examination (MMSE) as a 
cutoff.

A few trials, 22%, assessed generalized dystonia using the 
Burke–Fahn–Marsden Dystonia Rating Scale (BFMDRS). For tri-
als assessing focal dystonia the Toronto Western Spasmodic 
Torticollis Scale (TWSTRS) was largely used to determine subject 
eligibility and is composed of rating scores in three main domains: 
Torticollis Severity, Disability, and Pain. TWSTRS scores for inclu-
sion criteria used for severity were either 10 or 15, for disability and 
pain 3 and 1 respectively, and total scores were 20 or 30. This is 
summarized with percentages in Table 2.

6 Intervention

The most prevalent intervention was deep brain stimulation, in 
41% of the trials, either pallidal (globus pallidus internus (GPi)) or 
thalamic. DBS allows for the performance of contemporaneous 
bilateral surgery with relatively low morbidity in these patients, 
being that the most beneficial results have been achieved in patients 
with primary genetic generalized and segmental dystonia, myo-
clonic dystonia, and complex cervical dystonia [7]. Pallidal DBS 
has been shown to be effective in complex cervical dystonia 

Target Population

Accessible 
Population

Study Population

Sampling according to inclusion and exclusion criteria

Fig. 2 Selection of study population
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yielding both symptomatic and functional benefit for up to 
2.5 years of follow-up [6], and especially in dystonia conditions 
due to the DYT1 mutation [8] with improvements up to 90% [9]. 
Thalamic DBS for dystonia has proven to be a potent treatment in 
single cases with posttraumatic dystonia, post anoxic dystonia and 
 paroxysmal nonkinesigenic dystonia; however, there is much less 
knowledge and experience on thalamic DBS for dystonia when 
compared to that of pallidal DBS [7]. There are many known 
advantages and beneficial effects of DBS for the treatment of 
Dystonia and serious complications from this therapy are rare [10]. 
There were 17 studies using this intervention, ten of them were 
Pilot studies, one was a phase 1 trial nine were phase 2 trials.

Botulin toxin was used as an intervention in 37%, mainly botu-
linum toxin type A, type B, incobotulinumtoxin A (Xeomin), abo-
botulinumtoxinA (Dysport), and onabotulinumtoxinA. This toxin 
has been studied since 1990 and today it is considered safe and 
effective for treatment of movement disorders and spasticity [11]. 
Some of the benefits that may derive from the application of botu-
linum toxin type A (BTX type A) include decreased muscle tone, 
improved range of motion, improvement of certain active func-
tion, improved hygiene, however, it is essential to balance doses 
according to effects and adverse effects that can possibly derive 
from this drug such as weakness and muscle stiffness [12]. The 
mechanism of action of BTX type A is via nerve terminal endocy-
tosis and interaction with intracellular proteins that inhibit the 
vesicular release of the acetylcholine at the neuromuscular junction 

Table 2 
Cutoff point for the different TWSTRS subscales used to determine study 
eligibility and % of studies that used each cutoff value

Cutoff for eligibility % Of studies

Severity
15 75
10 25

Disability
3 100

Pain
1 100

Total
30 50
20 50

Exclusion criteria used in the dystonia articles were mainly neurological diseases, preg-
nancy, breastfeeding, childbearing potential without using effective contraception for 
ethical and medical reasons, any secondary cause of dystonia and finally, contraindica-
tions for treatment (e.g., botulinum toxin)
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[13, 14]. This results in a chemical denervation that paralyzes stri-
ated muscle, with optimum results at around 2 weeks after 
 injections [15]; however, due to molecular turnover neuronal 
activity starts again after 3 months and returns to its complete orig-
inal function at 6 months post injection [16].

Botulinum toxin type B became an FDA approved drug in 
2000, and has proven to be a safe and effective treatment for cervi-
cal dystonia in patients who have responded to BTX-A and in those 
who developed resistance to BTX-A [11, 15, 17]. As with all the 
botulinum toxins, BTX-B acts at the neuromuscular junction 
inhibiting the release of Acetylcholine at the presynaptic mem-
brane; however, in this case, it inactivates a different protein 
involved in the release of Ach [11].

Out of the 32 trials that used botulinum toxin as an interven-
tion, seven of them were either phase 3 or 4 trials and 11 were 
phase 1 or 2 trials and another 12 were pilot studies. Some specific 
questions still remain unanswered such as the effect of botulinum 
toxin injection on lateral axial dystonia in patients affected by 
levodopa (l-dopa)-responsive parkinsonism, and this required a 
pilot study (article 32).

Other interventions included the use of drugs such as baclofen, 
levetiracetam, trihexyphenidyl, olanzapine, and risperidone, or 
even specific sequences of directed exercises and these were mostly 
phase 2 or pilot studies (Table 3).

7 Outcomes

The outcome is the end result the investigator is eager to explore, 
being that there may be a primary outcome which is the main out-
come used for study design, and the presence of a secondary one is 
facultative but helpful to generate further hypothesis; however, the 
presence of a secondary outcome should not influence perfor-
mance of first outcome. In the 100 articles analyzed, TWSTRS was 
most used as to determine primary outcome followed by the 
Burke–Fahn–Marsden dystonia scale for generalized dystonia 
(Table 4).

TWSTRS is an assessment scale (validated by Consky et al. in 
1990 [18]) used to measure the impact of cervical dystonia on 
patients. The final TWSTRS score, which ranges from 0 to 87, is 
composed of three severity grades, disability (0–32), and pain. The 
Severity component varies from grade 0 to 35 and evaluates maxi-
mal excursion, duration factor, effect of sensory tricks, shoulder 
elevation/anterior displacement, range of motion, time (ability to 
maintain head within 10° of neutral position, up to 60 s). The dis-
ability scale evaluates the effect of cervical dystonia on ability to 
perform activities, including work activities of daily living (feeding, 
washing, dressing), driving, reading, watching television, activities 
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outside the home and ranges from 0 to 32. Finally, the pain grade 
varies from 0 to 20 and analyses severity, duration and disability 
due to pain (21–23).

The Burke–Fahn–Marsden Dystonia Rating Scale is used to 
describe deep brain stimulation outcomes. It consists of provoking 
factors and severity factors, which vary from 0 to 4, each regarding 
many factors such as speech and swallowing, handwriting, hygiene, 
dressing, and walking among others, with a total score ranging 
from 0 to 120. However, this scale may provide little information 
about function and participation outcomes or changes in nonmo-
tor areas [19].

There were yet other parameters used as primary outcomes in 
the trials, such as Tsui Scale, Dystonia Discomfort Scale (DDS), 
Barry–Albright Dystonia [20], Jankovic scores, Ashworth scale, 
and spatial discrimination threshold and temporal discrimination 
threshold (TDT) of tactile stimuli.

Table 3 
Interventions performed in the Dystonia articles analyzed

Intervention Number of trials

DBS 41

Botulinum toxin 37

Baclofen 2

Levetiracetam 2

Trihexyphenidyl 1

Olanzapine vs. risperidone 1

Others 16

Table 4 
Frequently used primary outcome measures

Primary outcome Number of articles

TWSTRS 29

Burke–Fahn–Marsden dystonia scale 15

Tsui scale 4

Oystonia discomfort scale (DDS), 2

Barry–Albright dystonia [20] 1

Others 49
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There are three main types of outcomes: functional, clinical, or 
surrogate. Seventy-six percent of the trials analyzed chose to assess 
a functional outcome (Graph 3). Clinical outcomes analyze the 
subject’s clinical conditions while functional ones assess improve-
ments in their performances, such as disabilities and restricted 
movements. Surrogate endpoints measure the effect of a specific 
treatment using for instance laboratorial or imaging methods that 
may correlate with a real clinical endpoint. It is used when the 
effect sizes on a clinical outcome is small and/or the investigator 
needs to learn more about the mechanisms of the intervention. 
Only a small number of trials, 8%, used surrogate outcomes.

73% of the trials reported secondary outcomes. Some of them were 
the modification of TWSTRS, Burke–Fahn–Marsden dystonia 
scale score, Barry–Albright Dystonia Scale, Ashworth Scale, and 
the Gross Motor Function Measure. More specifically, in trials 
where the intervention was the use of botulinum toxin, secondary 
endpoints were the effect of treatment upon the subsequent dose 
of BTX and the duration of the interval between the first and the 
second treatment. In some studies that used deep brain stimula-
tion, the secondary outcome variables were the safety of bilateral 
GPi stimulation for the treatment of primary dystonia, incidence of 
permanent Adverse Events, Caregivers’ burden Brief Psychiatric 
Rating Scale, and Clinical Global Impression—Severity.

Some more subjective secondary outcomes were improvement 
in cervical dystonia as determined by review of the video record-
ings and the patient’s global impression of change, quality of life, 
anxiety and depression, and the effects of the intervention on 
patients’ associated pain and mood.

7.1 Type of Primary 
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8 Blinding

Blinding refers to investigators, physicians, or subjects involved in 
the trial being unaware of treatment allocation, and it is one of the 
most important tools to avoid bias in clinical trials. If a subject is 
not blinded to its treatment allocation, there is an increased chance 
of performance bias, which occurs when a subject changes his or 
her behavior because they now know they are receiving either the 
active treatment or placebo. Another bias that can be avoided by 
blinding treatment raters is Detection bias.

Blinding is very important for a trial to succeed; however, it 
increases study costs and also makes the assessment of adverse 
effects more difficult. These are the reaons why some studies are 
not blinded: due to ethical concerns (for instance having to per-
form a sham surgery).

Studies can be single blinded, meaning that the investigator, 
physician, or study subject is unaware of the treatment. A double 
blinded study is when both the subject and the researcher/investi-
gator are blinded; this minimizes different types of bias. However, 
as previously mentioned, it compromises the analysis of adverse 
effects as well as decreases the adherence of physicians as they may 
feel insecure about referring their patients for enrollment in a study 
if they are unsure of the actual treatment they may receive. 
Additionally, side effects may easily unblinded investigators. Single 
blind studies with a third blinded rater represent another option. It 
requires two investigators in contact with the patient; and is there-
fore much more complex, more expensive, demands more patient 
visits and consequently has a lower adherence. 

In our analysis, 16% of the trials were single blinded. In 14% of 
the studies, it was not possible to blind neither the rater nor the 
patients nor the caregivers. Sanger (article 24) could not blind any-
one involved since the population was especially vulnerable: chil-
dren with cerebral palsy and secondary dystonia receiving 
trihexyphenidyl. Explanations for the lack of blinding involve 
assuring parents that they are aware of what their child is taking 
which consequently guarantees higher adherence, and also that in 
case of any complication or side effect, doctors could promptly 
intervene. Researchers do however recognize downsides 
to unblinded studies: increase placebo effect (like mentioned in 
article 24) and potential increase bias (like mentioned in article 
72). Out of all the articles analyzed, 51% made use of devices or 
surgical procedures. Most of these, 43% (22 articles), were not 
blinded, and out of the 49 which had drugs as interventions, the 
majority, 39% (19 articles), was double-blinded while only eight 
were not blinded (Graph 4). This shows that researchers and doc-
tors are more precautious with blinding when the intervention is a 
device or a procedure and prefer to keep the patients, doctor, and 
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rater unblinded. This is not the case when drugs are used, probably 
because professionals feel safer about “hiding” the intervention 
since there is more knowledge about the medication and antidotes 
in the case of emergencies than when compared to what is known 
about procedures and devices.

A clinical trial is referred to as a triple-blind study when the 
treating or evaluating investigator, the physician, and the sponsor 
or the investigator responsible for data analysis are blinded. It is by 
far the safest option.

Both interventions, active and placebo treatment, should at least 
seem identical to patients and investigators in order to assure blind-
ing. The trials that used deep brain stimulation had the same pro-
cess carried out for both arms (basically stimulator was turned on 
and off), the time spent under the stimulator was the same, the 
instructions to patients were the same, making both interventions 
identical, except for the fact that in one case there was active stimu-
lation and in the other, sham stimulation. Studies in which the 
intervention was medication, investigators made sure that the pre-
sentations were the equivalent. In clinical trials that used botuli-
num toxin as an intervention, injections were carefully prepared as 
to appear precisely the same. However, 37% of the trials did not 
mention the implementation of similarity of intervention and this 
was not applicable to 27% of the trials which were not blinded, 
meaning that only 36% of the studies mentioned what was done as 
to assure similarity of intervention.

Only 3% of the studies reported the use of any kind of blinding 
assessment. In all of these, patients and investigators were asked to 
guess the allocations after the intervention. One of the reasons 
for this low number is that blinding assessment may also give biased 
results; because if the intervention is very successful, then partici-
pants in the active arm may guess active intervention not because 
of unblinding but because of therapeutic effects.
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9 Recruitment

Recruitment is a topic that must be extremely well planned out and 
tested before the actual study begins, in order to avoid undesired 
interruptions. Sound recruitment plans decrease the time span in 
which subjects are introduced into the trial, saving both time and 
money. In single-site trials recruitment might be more compli-
cated, while multicenter designs can facilitate it, as there is a larger 
accessible population.

There are three main recruitment strategies: broad based, tar-
get enrollment, and public awareness campaigns. Broad based 
methods consist of posting media advertisement, such as ads on 
television and radio channels. This allows recruiters to reach a large 
number of patients in a short period of time; however, it also 
attracts a large population of noneligible patients and therefore a 
second screening will be necessary, which might be time-consum-
ing as well as expensive.

The target enrollment method is when the study recruits 
patients from a certain medical center and this therefore leads to a 
much more reliable accessible population and it is also a less costly 
method. However, this recruitment process depends on colleague 
referrals, and might consequently be subject to their different per-
ceptions of the importance of the study. Public awareness cam-
paigns are also advertisements however in this case in directed 
medias: medical local societies, pamphlets in hospitals, presenta-
tions in waiting rooms. This is a quite effective method as it incurs 
a low cost and achieves a relatively large reliable population.

10 Sample Size

Most of the studies analyzed for the purpose of this chapter 
included small sample sizes, which can be due mainly to challenges 
in recruitment and lack of funding sources for study development 
and conduction. Eighty-five percent of the trials enrolled 100 or 
fewer participants, and 19% of the included studies enrolled ten or 
fewer subjects.

In most conventional trial designs, determining the sample size is 
a critical element for study success. This determination is based on 
several parameters of the trial design, and should be clearly speci-
fied on the protocol. As mentioned elsewhere [21], four main 
parameters should be used to calculate the sample size, including 
(1) The significance level or alpha level, (2) the desired power of 
the intervention to obtain the hypothesized effect, (3) the esti-
mated effect size, and an explanation on how this estimate was 
calculated; and (4) other variables that may affect the required 
sample, such as expected attrition.

10.1 Sample Size 
Calculation
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Our literature review included mostly studies with small sam-
ple sizes, 77% of studies enrolled 50 or fewer participants (Table 5). 
Most of the trials included in this analysis do not report the method 
used for sample size calculation: of the included articles, only 11 
described a method for calculating the size of their sample. 
Conversely, eight trials reported at least the three main parameters 
for sample size calculation, including significance level, desired 
power and effect size. The most frequently used power level was 
80%, which is considered to be enough to encounter an expected 
effect in simple study designs (Table 6). For significance level, most 
trials reported using a 0.05 alpha level, and only one trial used a 
significance level of 0.025.

Table 5 
Number of subjects enrolled in analyzed articles

Number of subjects enrolled Frequency (#)

0–50 77

51–100 8

>100 15

Table 6 
Parameters used for calculating the sample size and number of studies 
that applied them

Parameter Frequency (#)

Alpha level 10

0.05 9

0.025 1

Power 10

70% 1

80% 8

90% 1

Effect size 7

Attrition 5

10% 2

20% 1

25% 1

30–40% 1
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Only seven studies reported the estimated effect size. Bly et al. 
(article 42) determined this parameter based on previous studies 
also involving Learning Based Sensorimotor Training (LBSMT) 
and they reached the value of 0.9. McKenzie et al. (Article 66) 
expected an effect size equal to 0.5; however, after calculations, 
this value ranged from 0.4 to 0.7 for dependent variables.

An interim analysis refers to a preliminary review of available data 
from an ongoing clinical trial. Such evaluation can be conducted at 
different stages of the trial and it addresses the primary question of 
the study by focusing on different aspects of the study, such as 
efficacy and/or safety [22]. The methodology and objectives for 
an interim analysis should be clarified and established at the begin-
ning of the trial, and they should be made in accordance with the 
main goal and specific phase of the study. As the goals of a trial vary 
according to the phase it belongs to, so should the objective of the 
interim analysis [21].

In our review, only one study conducted an interim analysis, 
but it was not a prespecified analysis, nor did it have defined spe-
cific stoppage criteria [23] In this case, investigators decided to 
conduct an interim analysis based on the report of severe adverse 
events, given that two study subjects presented worsening of their 
symptomatology till the completion of the trial. It is also important 
to note that investigators did not clarify the type of analysis they 
conducted during the interim review, but they did report that they 
did not find any association between the reported side effects and 
the intervention.

Only one study reported prespecified stoppage criteria, refer-
ring mainly to the possibility of “breaking the code” if severe 
adverse events occurred. Nonetheless, they did not clarify the defi-
nition of severe reactions. The remainder of the articles did not 
make any reference to stoppage criteria or prespecified interim 
analyses. Despite the general recommendation for reporting 
interim analysis in every trial protocol, most studies that include a 
small sample size or are conducted on patients with chronic, stable 
conditions do not establish predetermined preliminary reviews or 
criteria for protocol terminations. One of the reasons for the low 
number of interim analysis in these studies is the relatively small 
sample size studies.

11 Randomization

Randomization is a critical issue to ensure internal validity, as it 
minimizes imbalances in trial conduction, also avoiding selection 
bias. This is an essential issue that differentiates RCTs from obser-
vational studies, since randomization balances out characteristics 
among study arms. However, if the population is very small, 

10.2 Interim 
Analysis and Stoppage 
Criteria
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separating arms in a totally random fashion may create disparities. 
In such cases there are certain types of randomization techniques 
that would be appropriate in order to minimize disproportions 
[21].

Randomization can be carried out in two main different ways, 
either by adaptive or by fixed allocation. In adaptive randomiza-
tion, the allocation of subjects’ changes as the trial progresses and 
can be based on group characteristics. Disadvantages of this 
method are that it may easily be unblinded and it demands a more 
complex statistical analysis. Fixed allocation randomization is when 
the probability of allocation does not change throughout the study.

Simple randomization is hard to unblind since the chance that 
the next patient will be randomized to either placebo or active 
treatment is not affected by the allocation of the previous patient, 
nevertheless it can lead to imbalances in small populations. In 
blocked randomization, there are fixed amounts of people in each 
group, being that the investigator usually decides the block size. 
This method reduces the chance of having different numbers of 
subjects in each group. Stratified randomization is used when pop-
ulation covariates need to be proportionally distributed among all 
the intervention groups.

Most of the studies included in this review did not include a 
randomized design; only 46 of the 100 most cited studies in dys-
tonia had a randomized design. Of these, only 47% reported the 
type of randomization, and 65% described the method used for 
creating the randomization sequence. The most commonly 
reported type was simple randomization, and usually it was either 
a computer-generated or centralized sequence.

As previously mentioned, most of the reviewed randomized trials 
did not report the method used for sequence generation. In those 
were such method was described, the most common approaches 
used were computer-generated sequences and centralized random-
ization lists, with at least 14 of the 55 randomized trials using this 
method (Table 7). Nonetheless, other less frequently employed 
methods were also used for this purpose, such as the coin-toss 
method [24, 25].

The type of randomization can vary through studies and is usually 
determined by many factors, such as sample size, and goals of the 
trial. Regardless of the selected type, the chance of being allocated 
to a specific intervention should remain random. 32.6% of the arti-
cles analyzed used simple randomization (Table 8).

A reasonable number of trials, 14%, used simple randomiza-
tion. Some of the methods used by these studies include central-
ized randomization list, random number tables, randomization 
table generated by the hospital’s pharmacy, computer-generated, 

11.1 Randomization 
Sequence Generation

11.2 Type 
of Randomization
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and finally coin method. Most of these trials (8) were phase 2 trials, 
four were pilot studies and two were phase 3 trials.

There was one study that used a pseudorandomization method 
(article 74) which appears to be random however the sequence is 
generated by a deterministic process. In this study, 20 patients with 
primary cervical dystonia were pseudo randomly assigned to either 
real or sham bilateral cerebellar cTBS (continuous theta burst stim-
ulation) in order to test the hypothesis that long-term modulation 
of cerebellar–cortical interactions could induce clinical and neuro-
physiological changes in these patients.

Table 7 
Methods used for randomization sequence generation, number and 
percentage of studies that applied them

Method for sequence 
generation Frequency (#) Percentage (%)

Centralized randomization list

Web-generated 3 6.6

Other 4 8.6

Total 7 15.2

Computer-generated 7 15.2

Coin-toss 2 4.4

Random-number tables 1 2.2

Not specified 29 63

Table 8 
Type of randomization employed, number and percentage of studies that 
applied them

Type of randomization Frequency (#) Percentage (%)

Simple 15 32.6

Blocked 11 24

Blocked-stratified 3 6.5

Pseudorandomization 1 2.2

Not specified 16 34.7
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203

In our review, we found that most studies did not specify the pro-
fessional in charge of implementing randomization. Only eight 
articles reported how randomization was implemented (17%). 
Most of the time, investigators requested a member of the study 
staff to implement the randomization sequence. Pharmacy person-
nel was in charge in 8.6% of the trials, and in 4.3% of cases the 
randomization implementation was carried out by a third party or 
staff not involved in the study (Table 9). If study staff allocated the 
intervention, most articles specified the level of involvement of the 
researcher.

As previously mentioned, allocation concealment refers to the 
method used to protect and obscure the random assignment 
sequence. Of the randomized studies that were included in our 
review, only six described how the randomization sequence was 
concealed (Table 10), and of these studies four reported who was 
directly responsible for this task.

Pappert et al. (article 15) described the method of allocation 
concealment they used: the principal investigator (PI) contacted an 
interactive voice response system for a subject randomization num-
ber and the treatment allocation for the randomization number 
was forwarded to the site pharmacist who prepared the study drug 

11.3 Implementation 
of Randomization

11.4 Allocation 
Concealment

Table 9 
Method for implementing randomization, number and percentage 
of studies that applied them

Randomization implementation Frequency (#) Percentage (%)

Study staff 2 4.3

Pharmacy 4 8.6

Nonstudy staff/independent  
party/statistician

2 4.3

Not specified 38 82.6

Table 10 
Method for implementation of allocation concealment, number 
and percentage of studies that applied them

Allocation concealment Frequency (#) Percentage (%)

Reported 6 13

Not reported 40 87
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and had no contact with the subject or injector. Other trials were 
less descriptive about the method used and only mentioned that 
the randomization sequence was known only to the clinical trials 
coordination center (article 38) or kept only by the hospital’s phar-
macist (article 45) or by a single research nurse administering stim-
ulation (article 50).

12 Adherence

Adherence is a critical component of protocol success, and refers to 
how much participants are willing and able to adhere to the recom-
mendations given by the investigator and to the study rules. Many 
of the studies reviewed required multiple visits to the study center, 
either for intervention implementation or for measurement of out-
comes; nonetheless, only three trials reported measurement of 
adherence levels (Table 11). One trial evaluated adherence using 
medication count, and the other two did not specify the method 
used.

In our review, 48 trials included pharmacological interventions 
that required multiple drug administrations throughout the study 
period. In these cases, adherence becomes an even more relevant 
issue, given that it will directly affect the intervention outcome and 
can lead to underestimation of its effects. Of these trials, 40 
included administration of injectable botulinum toxin for pro-
longed periods of time, which required visits to the study center in 
the course of 3 or more months. This type of scenario poses a huge 
burden on both the investigator and subject because they require 

Table 11 
Methods implemented for improving adherence and frequency of studies 
that used them

Adherence improvement Frequency (#)

Phone calls 2

Informative pamphlets and brochures 1

Supervision by study staff 3

Decreasing pain and discomfort related to intervention 1

The dropout rates in the articles analyzed ranged from 0.06 (article 30) to 0.55 (article 
95). A possible interpretation for this discrepancy may be the intervention. Article 30 
has a very low dropout rate and the intervention was the application of botulinum 
toxin, while article 95’s intervention is much more invasive: DBS, and this could pos-
sibly explain its high dropout rate, for patients may feel more insecure about the proce-
dure and consequently leave the study
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continuous communication, and constant interventions from the 
study site to ensure compliance with study visits. Unfortunately, 
most of these studies did not report the methods they used to 
guarantee adherence to the intervention or study visits.

Regarding the studies that did report a method intended to 
improve adherence, we found a high variability in techniques. 
Most of them were geared towards improving comfort and making 
participation as easy as possible. For example, some studies that 
included physical training as an intervention [26–28], provided 
supervised training sessions or constant and easy communication 
with physical therapists. They also offered extensive informative 
sessions and documents, to enable subjects to easily access the 
information they required. A study reviewing the effects of botuli-
num toxin A injection in children tried to increase adherence to 
the intervention by decreasing injection discomfort through offer-
ing the possibility to receive anesthesia and analgesia during the 
procedure. They also conducted frequent phone calls to evaluate 
possible side effects and encourage caregivers to continue the pro-
tocol regimen [20].

13 Study Duration and Follow-Ups

We found a large variability in study duration, which is a reflection 
of the great heterogeneity of study designs and tested interven-
tions, which ranged from single-session studies, to clinical trials 
with large follow-up periods. This may be due to the fact that dif-
ferent interventions require different time intervals for follow-up; 
additionally, this may be a cost limitation issue.

We identified a high heterogeneity in trial duration for the studies 
included in this review, ranging between 0.83 (single sessions) 
and 2190 days, with a mean duration of 399.38 (±516.9). In gen-
eral, several studies required the administration of serial treat-
ments or conduction of serial procedural interventions; as well as 
extended follow-up periods. Nonetheless, four of the 100 included 
studies were conducted on a single-session design (Graph 5). This 
introduced great variability to our sample. It is also noteworthy 
that 21 studies did not specify the total duration of patient 
participation.

We also encountered high variability in length of follow up in the 
reviewed articles (see Graph 6). The mean duration of the follow 
up period was 269.8 days (±513.980), ranging between 0.83 and 
3600 days.

13.1 Trial Duration

13.2 Follow-Up 
Duration
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14 Statistical Analysis

Determining the best statistical approach for analyzing data col-
lected in a clinical trial depends on several parameters. Amongst 
them, it is important to mention the variable type, its distribution 
in the study population, and how our research question intends to 
address the data. Given that the studies that were included in this 
review have highly heterogeneous designs and study populations, 
it is clear that the statistical methodology will also be diverse [21]. 
It is also important to note that most of the studies recruited a 
small and diverse sample, leading to high frequency of 
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non-normally distributed outcomes, for which it is necessary to 
employ nonparametric statistics for analysis.

In our review, most of the analyzed primary outcomes were 
treated as continuous variables. In this case, the statistical tests 
employed included, but were not limited to, ANOVA, Student’s 
t-test, Wilcoxon ranked, and Kruskall–Wallis test (when data is not 
normally distributed most probably due to small sample size stud-
ies), and linear and mixed regression models, among others. The 
two most commonly used statistical tests were ANOVA and 
Wilcoxon signed ranked test, which were employed in 28% and 
32% of trials, respectively (Graph 7).

Five studies in this sample employed both linear and mixed 
regression models to analyze primary outcomes: used when the 
investigator feels the need to adjust for important covariates. It is 
also noteworthy to mention that two studies employed only 
descriptive statistics to analyze and present their results.

The main objective of subgroup analysis is to identify potential dif-
ferences between subset of subjects with similar characteristics or a 
common denominator. This approach can aid in recognizing pos-
sible modifications to the intervention effect that were previously 
masked by the initial analysis; nonetheless, this technique can also 
introduce errors to the analysis if incorrectly used.

In our review, only ten out 100 studies reported a subgroup 
analysis. Of them, only one had clearly specified these groups a 
priori, and only six presented a specific account of how the analysis 
was conducted.

14.1 Subgroup 
Analysis

0

5

10

15

20

25

30

35

ANOVA ANCOVA T-test Wilcoxon
ranked test

Mann-Whitney
Test

Friedman
 Test

Linear
regression

models

Mixed
regression

models

Graph 7 Type of statistical analyses used most commonly

Dystonia



208

The main characteristic for subgroup analyses was different 
VAS (Visual Analogue Scale) pain scores (articles 18 and 90). 
Troung et al. (article 18) separated the population in three groups: 
patient’s change in VAS Pain scores (mm) for subgroups with VAS 
>40 at week 4, 8 and 12. There was a very small differential effect 
in the exploratory efficacy outcomes comparing the subgroups and 
which may possibly be attributed to the time differences between 
them: the group analyzed at 4 weeks had an efficacy outcome of 
26.5 in the Dysport group and 10.8 in the placebo 1 while the 
subgroup analyzed at 12 weeks had an efficacy outcome of 18.4 in 
the Dysport group and 14.6 in the placebo 1.

Only 35% of the studies reported using an intention-to-treat analy-
sis. This approach is employed as a mean to decrease effects of 
attrition bias that can arise from nonrandom and differential attri-
tion from a clinical trial. None of the articles analyzed mentioned 
the method used for the intention-to-treat analysis; however, 
Vidailhet et al. (article 4) did state that ITT, in their study, under-
estimated the overall findings, which was the benefit of bilateral 
pallidal stimulation.

15 Limitations

Upon careful review of the selected literature, we found that 69% 
articles reported the limitations in their study design. Among oth-
ers, we found that small sample sizes leading to low power were 
commonly cited (59%) (Table 12).

The methodology and design of each clinical trial lead to 
inherent limitations, and therefore hinder the ability of a protocol 
to encounter the hypothesized effect. Given that most of the arti-
cles included in this review did not include blinded outcome assess-
ments, placebo-controlled or randomized designs, it is easy to infer 
that a great number of limitations will arise in this specific domain. 
For example, 28 studies included an open-label design, which 
intrinsically incurs in a series of limitations; for example, in 
 introduces a high possibility for placebo effect that cannot be 
accounted for in the design. It also leads to expectancy bias, both 
from subject and observer-expectancy effect.

As previously discussed in this chapter, as well as in preceding 
chapters, the sample size and study design are critical determinants 
for hypothesis testing, as they will dictate the likelihood of finding 
the expected effect. The clinical nature and pathophysiology of 
dystonia highly restricts investigator’s ability to design large-scale 
controlled trials, given that it can be challenging and possibly 
unethical to test new interventions against placebo. Also, access to 
this population can be challenging because of the severe effect dys-
tonia can have on patient’s ability to complete their daily activities, 

14.2 Intention-to-
Treat Analysis
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rendering the patient partially or completely disabled. All of these 
effects can create limitation on accessing the population and creat-
ing study designs that can be feasible.

We also identified a high variability in the way limitations were 
addressed. A high proportion of authors only reported the existing 
limitations of their study, and only a small proportion of them 
offered further explanations on such limitations, and/or possible 
ways to overcome them in the present or future studies. Although 
one would expect that the vast majority of trials have some sort of 
limitation inherent to design and methodology, due to a relative 
underreporting in the majority of articles we reviewed, it is unclear 
what percentage of trials truly have a limitation that may introduce 
bias or confounding factors into their observed effects.
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Chapter 7

Meningitis

Felipe Jones and Felipe Fregni

Abstract

Although the development of conjugate vaccines has decreased meningitis’ incidence in developed 
countries, acute bacterial meningitis is still a life-threatening condition worldwide. Therefore, the aim of 
this chapter is to summarize and discuss methodological characteristics of the 100 most highly cited clinical 
trials in meningitis between 1995 and 2015. Based on the CONSORT guidelines, a review of the literature 
was conducted in order to discuss the main challenges involved in this field and guide researchers to 
develop future clinical trials.

Key words Meningitis, Research, Review, CONSORT guidelines, Methodology

1 Introduction

Meningitis is the inflammation of the leptomeninges, the membranes 
surrounding the central nervous system. The inflammatory process 
can result from infection, cancer, subarachnoid hemorrhage, or 
chemical irritation (i.e., drugs) [1]. Such myriad of causes have 
turned meningitis into one of the most important problems in 
medicine. The prevalence of its causative etiologies varies accord-
ing to the population under study. Although its incidence in devel-
oped countries has declined due to the recent development of 
conjugate vaccines, acute bacterial meningitis is still a life- threatening 
condition [2]. Approximately 1.2 million cases occur each year 
worldwide [3] with a mortality rate of 20% in developed countries 
and 50% in low-income ones [2]. Moreover, around 21–28% of 
survivors develop neurological sequelae such as hearing loss, focal 
neurologic deficits, and neuropsychological impairment [4, 5].

The disease is a major burden in low-income countries and 
areas with high HIV prevalence. In the “African meningitis belt,” 
around 400 million people are affected by bacterial meningitis 
epidemics, and more than 900,000 cases were reported in this area 
within the last 20 years [1]. In addition, among the 35 million 
individuals infected by the HIV worldwide, 625,000 die annually 
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due to cryptococcal meningitis (CM) [6, 7]. Although the 
incidence of CM infections has declined in patients who have 
access to antiretroviral therapy, CM is still a leading cause of death 
in developing countries with limited access to treatment [6, 7]. 
Additionally, tuberculous meningitis (TBM) is another highly 
prevalent condition in such areas, and results in death or neuro-
logical disability in about 50% of the cases [8].

The improvement of therapies for systemic cancer has resulted 
in increased incidence of leptomeningeal metastases [9, 10]. As a 
result, neoplastic meningitis (NM) has been a frequent complica-
tion in cancer patients. NM affects up to 5% of patients with 
cancer, and is associated with poor prognosis [9]. The median survival 
of such population varies between 6 and 8 weeks, without treat-
ment, and 2–8 months with tumor-target therapies [11].

Besides its epidemiological impact, meningitis disorders present 
unique challenges for clinical researchers. Clinical trials on meningitis 
have struggled on finding new therapies with easy route of adminis-
tration and that prove to be safe and cost-effective. Furthermore, the 
comparison of results between clinical trials may be difficult due to 
heterogeneity. There is a lack of standardized definitions of clinical 
cases and ambiguous consensus of response criteria for some condi-
tions. Finally, the vulnerable profile of research subjects, most of 
them with severe systemic disease and poor prognosis, adds to the 
complex task of being a clinical researcher in the field.

This chapter is designed to review these challenges and guide 
researchers to planning future clinical trials in meningitis. In order 
to accomplish this goal, we will summarize and discuss relevant 
methodological characteristics of the 100 most highly cited clinical 
trials in meningitis since 1995. The topics covered herein are based 
on the CONSORT guidelines and include trial designs and settings, 
phases of study, sample selection, interventions, choice of outcomes, 
sample size, randomization, blinding, adherence, statistical analysis, 
assessment of biases, and confounding factors.

2 Methods

We conducted a search of the 100 most highly cited articles describ-
ing interventional clinical trials on the treatment of Meningitis 
using the Web of Science Database. To identify eligible articles, we 
searched the key term “Meningitis” in the title and restricted the 
findings only to document file “Clinical trial.” In contrast to other 
chapters of this book, we expanded the search for the period 
1995–2015, since the original strategy (2010–2015) did not yield 
sufficient number of papers that met our inclusion criteria. To 
achieve 100 papers, we screened 186 publications using a descend-
ing citation order. This process and the 86 exclusions are schemati-
cally represented in Fig. 1.
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3 Overview

In the sample of articles reviewed in this chapter, only 54 were 
published in journals that endorse the CONSORT guidelines. The 
remaining 46 studies did not explicitly describe all items on the 
CONSORT checklist and data was either deduced by the reviewers 
or otherwise reported as “not specified.” Moreover, journals that 
do not endorse the CONSORT guidelines tend to have lower 
impact factor (IF) (<5.0), except from the Clinical Infectious 
Diseases (IF of 9.20). These findings are indirect indicators that a 
significant percentage of trials in meningitis are not reported in 
high standards of clinical research, which raises concerns regarding 
potential biases related to the lack of transparent reporting; but 
also gives an opportunity to improve reporting in this area of 
research for future trials. It is therefore important that the investi-
gator (especially beginners) follow guidelines of reporting (i.e., 
CONSORT) and guidelines to design a trial—such as the SPIRIT 

100 Articles included

33 Excluded

2010-2015

57 Search Results

2005-2010

54 Search Results

2000-2005

58 Search Results

1995-2000

95 Search Results

23 Excluded

29 Excluded

1 Excluded

Fig. 1 Schematic Illustration of search results and exclusions
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(http://www.spirit-statement.org/)—in order to improve the 
quality of research in this field.

Table 1 shows the distribution of these trials according to year, 
phase, trial design, type of intervention, positivity for primary out-
come, sample size, to whether the journal follows the CONSORT 
guideline, number of citations, and impact factor. One interesting 
conclusion is that there is a uniform distribution of these trials 
according to some characteristics such as sample size, year of pub-
lication, number of citations, and positivity for primary outcome 
(yes/no). But also for trial design, for instance, more than half of 
the trials were RCT with parallel design; showing that the simplest 
approach may be the one that provides a more robust answer for a 
clinical question. Also for type of intervention, all included studies 
tested a new drug as the type of intervention, which indicate the 
importance of drugs (e.g., antimicrobials, corticoids, chemother-
apy) as the main therapy in meningitis, but also may also highlight 
that the investigation of other types of intervention can have a 
great impact in improving current clinical practice. Another inter-
esting result for the beginner clinical trialist is that the main out-
come (positive or negative) does not seem to be related with 
number of citations (see Fig. 2). This finding underscores the 
importance of having a strong design to ensure validity of data.

Table 1 
Overview of the 100 most cited articles in meningitis

N

Year 1995–2000 16
2000–2005 25
2005–2010 25
2010–2015 34

Phase I 7
II 26
III 66
IV 1

Trial design RCT Parallel two arms 60
RCT Parallel three arms 12
RCT Parallel four arms 10
RCT two-way factorial 5
Single-arm nonrandomized 13

Drug/device/procedure Device 0
Drug 100
Procedure 0

Primary outcome positive Yes 54
No 40
Not applicable 06

(continued)
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Table 1
(continued)

N

Journal follows consort 
guideline

Yes 54

Not in the endorsement list 46

Sample size 0–30 20
30–60 19
60–100 20
100–300 21
300–2000 20

Number of citations 0–15 26
15–30 21
30–60 25
60–100 12
>100 15

Impact factor 1–5 45
5–10 36
10–20 6
>20 13

NO YES

Positive Studies

0
20

40
60

80
10

0

C
ita

tio
n(

%
)

Fig. 2 Percentage of citation according to the studies with positive and negative 
results
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4 Trial Design, Phases, and Settings

Before any new therapy being approved on the market, it has to 
undergo a long way under clinical research. Traditionally, clinical 
trials are conducted in a series of steps called phases. Each phase is 
designed to address specific research goals and, thus, the overall 
process of study planning and implementation is highly dependent 
on the study phase.

Phase I clinical trials are designed to test a new therapy in a small 
group of subjects in order to evaluate its safety, determine a safe 
dosage range, and identify side effects [12]. In this sample of articles, 
there were seven phase I studies in meningitis. Five tested new drugs 
on neoplastic meningitis patients, whereas the other two investigated 
different dosages of preexisting drugs in children and neonates with 
tuberculous meningitis and bacterial meningitis, respectively. All of 
these studies were designed as a single-arm nonrandomized trial, 
which complies with the main goals of phase I trials.

One example for a phase I trial was a study testing the admin-
istration of intrathecal (IT) liposomal cytarabine in children with 
neoplastic meningitis [13]. In this study investigators tested three 
different doses of IT liposomal cytarabine (25, 30, and 50 mg), 
and assessed the appearance of cytarabine-related nonneurologic 
and neurologic adverse events using version 1 of the National 
Cancer Institute common toxicity criteria. Nonneurologic adverse 
events were dose-limiting if a grade 4 toxicity occurred in two 
patients of a cohort of six patients, or if a grade 3 toxicity was 
observed in four out of six patients. On the other hand, neurologic 
adverse events were dose-limiting whenever a grade 4 toxicity was 
observed in one patient of a cohort of three, or if two patients out 
of a six experienced a grade 3 toxicity. As a result, children receiv-
ing 50 mg of IT cytarabine had more dose-limiting adverse events 
compared to the other two groups, and authors concluded that the 
safest dose in the pediatric population is 35 mg [13].

Phase II clinical studies are designed to further evaluate safety 
of new therapies and provide preliminary data about efficacy in a 
group of patients [12]. We found 26 phase II studies in meningitis. 
Twelve were designed as randomized clinical trials (RCTs) with 
two arms, whereas three were RCT with three arms, four with four 
arms, two had factorial designs and five were single-arm nonran-
domized trials. Therefore, as for phase II clinical trials, a simple 
and robust design such as a parallel two-arm trial is still the gold- 
standard for many reasons. First, this design allows for powerful 
statistical comparison, which is desirable in studies of this kind with 
relatively small sample sizes. Second, in the case of placebo- 
controlled studies, it allows better evaluation of adverse events, 
which is also important in this phase. Third, it is usually less costly 
and more feasible than trials with three and four arms, given their 

4.1 Importance 
of Phases on Choosing 
Trial Design

4.2 Phases and Trial 
Designs in Meningitis

Felipe Jones and Felipe Fregni



219

need to increase sample size. On the other hand, a relevant topic to 
deal in meningitis trials is the role of placebo-controlled studies. 
Because most causes of meningitis already have standard treat-
ments with specific antimicrobials, direct comparison against pla-
cebo goes against the equipoise principle established by the 
Declaration of Helsinki [14]. Consequently, most studies compare 
the addition of a new drug to a standard therapy versus the stan-
dard therapy alone. Finally, three and four-arm phase II studies 
were mostly performed in CM—in which three or four different 
combinations of drugs were compared—and two phase II studies 
with factorial design compared different route of administration of 
interventions and different combination of antimicrobials in TBM 
and CM. Therefore, one additional challenge for the investigator 
looking for new drugs and designing a small trial is how to design 
a small phase II trial if the control group is not a placebo, meaning 
that the effect size against a standard drug may be small thus sam-
ple may need to be large. Few studies here addressed this question; 
such as the study of Jackson et al., which compared the addition of 
flucytosine to the standard therapy (fluconazole and amphotericin B) 
versus standard therapy alone in the treatment of cryptococcal 
meningitis [15]. In order to increase statistical power, investigators 
chose a simple two-parallel randomized design, and used a marker 
of infection clearance (i.e., early fungicidal activity) as a primary 
outcome, for surrogate outcomes are generally more powerful 
than clinical endpoints [15]. Another example of a small phase 
II study, not placebo controlled, is the trial conducted by 
Tansuphaswadikul et al., which compared a 1-week course of 
amphotericin B followed by fluconazole to the standard 2 weeks of 
amphotericin B followed by fluconazole [16]. Very similar to the 
previous example, this trial used a two-parallel randomized design 
with a surrogate marker of infection (CSF culture clearance) as 
primary outcome [16]. This way, investigators planning small 
phase II studies that lack placebo for ethical reasons should con-
sider targeting a homogenous population, and designing a two- 
parallel randomized trial with a powerful surrogate outcome.

Phase III clinical trials are designed to confirm the efficacy of a 
new intervention in a larger study population [12]. In our sample 
of studies, the majority of articles (66) were phase III clinical trials. 
Among these studies, 48 were RCTs with two groups, nine were 
RCTs with three groups, and six with four arms and three had a 
factorial design. This distribution is compliant with the under-
standing that, as for phase III trials, the new intervention is usually 
compared to standard treatment in a heterogeneous, broader pop-
ulation. Therefore, in this phase, a two-arm design is the most used 
approach, because it is simpler and robust, as we mentioned above.

Other less employed design options, such as multiple-arm par-
allel design or factorial design, allow researchers to compare more 
than two drug schemes, route of administration or even durations 
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of therapy. For instance, in three and four-arm RCTs the interven-
tion is compared against two or three other treatments, respec-
tively. These designs can simultaneously test whether the new drug 
is more effective than or at least as effective as the other treatments. 
It is especially useful for phase II studies in infectious diseases, 
where different drug combinations are usually utilized and there is 
a necessity for selecting optimal doses and treatment duration in 
order to avoid antimicrobial-resistance development. As an exam-
ple, in one three-arm parallel RCT [17], Jarvis et al. compared 
three different therapies for the treatment of HIV-associated CM: 
intravenous amphotericin B and oral flucytosine (standard ther-
apy); standard therapy plus two-doses of interferon-gamma 1b; 
and standard therapy plus six doses of interferon-gamma 1b. On 
the other hand, studies with a two-way factorial design, in which 
patients are randomized to four groups and two treatments are 
simultaneously tested, allow researchers to test the effect of two 
interventions independently and their interaction. This type of 
design is also an option for testing combination of drugs, which 
may be useful for clinical research in infectious meningitis. 
Scarborough et al. published a study in New England Journal of 
Medicine in which they randomized patients with BM to receive 
either dexamethasone or placebo and either intramuscular or intra-
venous ceftriaxone [18]. This is an example of a well conducted 
factorial-design trial, in which two different interventions are com-
pared—the adjunctive dexamethasone treatment and the different 
routes of ceftriaxone administration. Nevertheless, though 
multiple- arm and factorial-design trials have advantages, they are 
less conducted than two-arm parallel studies because of some 
reasons. Firstly, trials with more than two-arms require more power 
and, therefore, increased sample size, as more comparisons are 
being made. Moreover, interventions with different route of 
administration provide blinding difficulties, and a double-dummy 
design may be required, increasing trial complexity, as we will dis-
cuss further in Subheading 10. Finally, the main drawback of facto-
rial design is related to its main advantage. The interaction effect 
between both treatments might require even larger sample sizes if 
the combined intervention is just slightly more effective than each 
intervention separately. Again, the investigator has to make a care-
ful risk-to-benefit assessment before adding more arms or using 
factorial designs in his or her research.

Phase IV clinical trials are conducted after drugs have been 
approved for marketing. They are designed to gather more infor-
mation about drug efficacy in broader populations and to evaluate 
potential long-term side effects. In the context of meningitis, such 
trials can have a relevant role on periodic reassessment of drug 
efficacy, since antimicrobials are often susceptible to the develop-
ment of microorganism resistance. Despite of this, we found only 
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one phase IV trial that evaluated the efficacy and long-term safety 
of intrathecal chemotherapy for neoplastic meningitis using an 
open-label single-arm nonrandomized design. The lack of phase 
IV clinical trials on meningitis is not surprising and is a common 
finding in other medical fields, because of its relatively increased 
cost and timeframe compared to other phases. Anyway, the design 
of a phase IV trial is usually an open-label single-arm nonrandom-
ized trial, because its main goal is to measure the long-term side 
effects of the approved therapy.

The choice of conducting studies in a single or multicenter setting 
must have a strong foundation. First of all, the number of centers 
involved in a study will have important implications in recruitment 
rate, costs, organizational aspects, and external validity of the 
results. Additionally, the phase of study, targeted sample size, 
aimed degree of generalizability, and specific characteristics of the 
disease under study are key factors for this decision. Conventionally, 
there is a trend of as phase progresses, more trials are multicenter 
than single-centered, mostly because of increased sample size and 
external validity requirements. In this sense, since phase I and II 
trials target more homogeneous population and a relatively small 
sample size, they are likely to occur in a single-center setting [12]. 
Meanwhile, phase III confirmatory trials are likely to occur in a 
multicenter setting with a broader population [12].

In spite of this traditional pattern, much of the meningitis 
research base in our sample is comprised of single-center trials 
(55%) (Table 2). This setting represented 71.4% of phase I studies, 
73% of phase II, and 46.7% of phase III trials. A potential explana-
tion for this pattern is because many studies involving CM, TBM 
and BM were conducted during a period of disease outbreak in a 
single location, thus, decreasing the necessity of involving mul-
tiple centers. On the other hand, as expected, 77.8% of multi-
center studies occurred in phase III trials.

5 Population

For practical reasons, studying the entire population diagnosed 
with meningitis is not possible. Clinical investigators have to 
rely on specific selection criteria to target who is going to be studied. 
In order to accomplish this task, general concepts that guide well- 
planned eligibility criteria should be revisited. The eligibility crite-
ria determine the balance between internal and external validity of 
a study. The more inclusion and exclusion items added to eligibility 
criteria, the more homogenous the study population will be. On 
one side, this enhances the ability to detect true results (internal 
validity), but on the other, it restricts its generalizability 
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(external validity). Therefore, researchers conducting phase I and 
II trials may target homogenous populations in order to optimize 
the proof of efficacy of an intervention. In contrast, phase III and 
IV studies are characterized for targeting broader populations in 
order to increase external validity.

Another important point to consider when planning the eligi-
bility criteria for a study is the exclusion of conditions that mimic 
meningitis but might not respond to the study therapy. Similarly, 
comorbidities that will worsen the patient condition during the 
trial should also be excluded, since it can confound the results. 
Additionally, investigators have to ponder the feasibility of the 
selected eligibility criteria. In this sense, the research team have to 
be well-trained and able to apply the selected diagnostic criteria. 
Finally, the selected criteria will ultimately affect the recruitment of 
subjects, which is one of the biggest challenges for clinical investi-
gators. We will address recruitment strategies on another section of 
this chapter.

Meningitis encompasses disorders that cause inflammation of 
the leptomeninges and is defined by an abnormal white blood cells 
(WBC) count in the cerebrospinal fluid (CSF) [5, 19]. The classic 
clinical triad is composed of fever, headache, and altered mental 
status, but varying presentations can be seen, especially in infants 
[19, 20]. Although clinical history, signs and symptoms are key 
pieces of information in establishing the syndromic diagnosis of 
meningitis, these findings alone are relatively unreliable for diag-
nostic purposes [19, 20], and do not establish the responsible eti-
ology. Hence, much like the clinical practice setting, the diagnosis 
of meningitis in clinical trials is based on the combination of 

Table 2 
Trial design characteristics of manuscripts in meningitis

Trial design N Study setting

Phase

I II III IV

RCT Two parallel arms 60 Single center 0 8 20 0
Multicenter 0 4 28 0

Three parallel arms 12 Single center 0 2 5 0
Multicenter 0 1 4 0

Four or more parallel arms 10 Single center 0 2 3 0
Multicenter 0 2 3 0

Factorial 5 Single center 0 2 3 0
Multicenter 0 0 0 0

Cross over 0 Single center 0 0 0 0
Multicenter 0 0 0 0

Non-RCT (Quasi-experimental) 13 Single center 5 5 0 0
Multicenter 2 0 0 1
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historical information, epidemiology and laboratory exams. 
However, in our sample, most studies do not specify the clinical 
features utilized for defining a case suspicion. Instead, the diagno-
sis relies on laboratory exams (Table 3), mainly those extracted 
from the cerebrospinal fluid (CSF). Thus, a unique feature of these 
trials is the necessity of performing lumbar puncture in order to get 
CSF laboratory exams. This can be challenging, since prompt diag-
nosis is crucial as many causes of meningitis are life-threatening, 
especially when diagnosis is delayed.

In this context, standard diagnostic testing for any cause of 
meningitis includes the following CSF lab exams: WBC count with 
differential, total protein, and CSF/blood glucose ratio or CSF 
glucose count itself. Nevertheless, the values of these tests overlap 
in many conditions and cannot be used alone for etiological diag-
nosis [19]. Therefore, different confirmatory exams are used in 
specific conditions. Since these populations have unique features, 
we will discuss the most frequently used diagnostic tests on clinical 
trials that target different causes separately.

We found 32 clinical trials that investigated interventions for bac-
terial meningitis. Of these, ten targeted adult patients while 22 
aimed children or infants. One possible reason for these numbers 
is the epidemiology of BM, in which patients <15 years old are 
mostly affected [19, 20]. Other explanation is the high rate of 
long-term morbidity and devastating effects in infants and children, 
driving researchers to study new adjunctive therapies to improve 
neurological outcomes.

In the inclusion criteria, all studies combined signs and symp-
toms of meningeal syndrome along with laboratory tests. However, 
as aforementioned, the majority did not specify which clinical 
features were indeed considered to define a case suspicion. Yet nine 
different laboratory tests were frequently reported (see Table 3 for 
more details). Standard testing for meningitis was composed by 
CSF cytology (96.9%), CSF–blood glucose ratio (12.5%), CSF 
protein (50%), and CSF glucose (50%). The most utilized confir-
matory exams were presence of cloudy CSF (28.1%), CSF culture 
(59.4%), CSF Gram’s stain (50%), latex agglutination test (25%), 
blood culture (25%), and polymerase chain reaction (3.1%).

Although CSF culture is a gold-standard diagnostic test of 
BM, the time to get results can be prolonged and its sensitivity and 
specificity reduces after antibiotic use [19]. In order to overcome 
these challenges, many studies have used the combination of less 
specific tests along with CSF culture and/or Gram’s staining. In 
fact, Gram’s staining is rapid, inexpensive, and helpful when 
antibiotics are administered prior to culture [19, 20]. Other 
confirmatory tool, the latex agglutination test was used in 25% of 
trials, but it requires lab infrastructure and may be of limited use in 
low- income countries [19]. In addition, CSF WBC count demon-
strating increased WBC with predominance of neutrophils has 
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Table 3 
Laboratory exams applied in meningitis clinical trials

Total

Bacterial Meningitis 32

CSF WBC count 31

CSF culture 19

CSF Gram’s stain 16

CSF protein concentration 16

CSF glucose 16

Cloudy CSF 9

CSF latex agglutination test 8

Blood culture 8

CSF–blood glucose ratio 4

Blood WBC count 4

C-Reactive protein 2

Polymerase chain reaction (PCR) 1

Micro-erythrocyte sedimentation 1

Cryptococcal Meningitis 31

CSF culture 16

India ink staining 16

Cryptococcal antigen (CRAG) 11

Blood culture 1

Tuberculous Meningitis 17

CSF lymphocyte count 14

CSF glucose 13

CSF Acid-fast bacilli 12

Chest radiography 12

CSF culture 9

Clinical evidence/history of extrapulmonary TB 9

CSF protein concentration 8

CT scan suggestive findings 8

Acid-fast bacilli in specimen other than CSF 7

Altered consciousness (GCS < 15) 7

(continued)
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been the most used nonconfirmatory test, along with findings of 
increased protein and decreased glucose in CSF. Blood exams such 
as blood WBC count (12.5%), C-reactive protein (6.2%), and 
micro- erythrocyte sedimentation (3.1%) are less frequent and are 
usually used in trials of neonates, infants, or children.

Cryptococcal meningitis (CM) had the second higher number of 
publications in this sample with 31 clinical trials. Since this is an 
AIDS-defining illness, 28 studies involved HIV-associated 
CM. However, the majority of trials did not report the selected 

5.2 Cryptococcal 
Meningitis

Table 3
(continued)

Total

Duration of symptoms >5 days 7

Yellow CSF fluid 6

Mantoux skin test 5

Focal neurological signs 5

Gastric aspirate culture 3

Neoplastic Meningitis 15

CSF cytology 13

Histology 12

Karnofsky performance scale 11

Expected survival of 2 months 7

Imaging (MRI or CT) 5

Eosinophilic Meningitis 3

CSF cytology (eosinophil count >10%) 3

CSF culture 3

CSF latex agglutination test 3

CSF Gram staining 3

India ink staining 3

Cryptococcal antigen (CRAG) 3

Viral Meningitis 2

CSF cytology (pleocytosis) 2

CSF Polymerase Chain Reaction (PCR) 2

CSF viral culture 1

Viral serology 1
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diagnostic method for HIV. In addition, similarly to BM, diagnos-
tic clinical features are underreported. On the other hand, studies 
on CM lack a standardized method for laboratorial case-definition. 
In sum, most trials (61.3%) combined two or more of the follow-
ing exams: India Ink, Cryptococcal Meningitis antigen detection 
(CRAG), and CSF culture. Frequent employed combinations were 
positive India Ink and/or CRAG (22.6%); positive India Ink and/
or CSF culture (6.4%); positive culture and/or CRAG (6.4%); and 
positivity for any one of these three methods (19.4%). Yet 16.1% 
of trials used CSF culture only, whereas 6.4% utilized India ink 
staining only.

Similarly to the case of other agents, results from CSF culture 
of Cryptococcus neoformans can take a long time to disclose the 
results (3–14 days) [19]. This is a main challenge for clinical trials 
testing new antimicrobials, because of the prompt need to treat 
these patients. In this context, the use of India Ink (time to result: 
15 min) and CRAG (time to result: 1–48 h using ELISA/latex 
agglutination or 10 min using lateral flow assay) in RCTs is advan-
tageous since they provide a faster diagnosis [19]. Overall, 16 trials 
(51.6%) in CM used India Ink alone or in combination with other 
exams (i.e., CRAG and CSF culture), and 11 studies (35.5%) 
employed CRAG as one of the laboratory exams to detect patients 
with CM. One example on how to employ these faster diagnostic 
exams can be found in the study conducted by Boulware et al., 
who tested the CRAG (CSF latex agglutination) in addition to 
CSF culture in patients with suspected meningitis [21]. In this 
trial, investigators screened all patients with suspected meningitis 
(regardless the etiology) for HIV infection status, CSF culture and 
the presence of CRAG in CSF at the time of hospital presentation. 
This approach reduced time-to-diagnosis and increased efficiency 
in recruiting patients for participating in the trial (recruitment 
yield: 177/389) [21].

Additionally, among the available tests that identify CRAG, 
it is worthy to mention a new test, the lateral flow assay (LFA). 
The LFA compares favorably to the traditional latex agglutination 
and ELISA immunoassay tests for CRAG (>99% sensitivity, >99% 
specificity), and constitutes a simple dipstick exam that only 
requires a single drop of blood or CSF, and is very quick (10 min) 
[19]. Moreover, it is a valuable alternative approach to provide 
diagnosis in low-resource settings, in which centralized laboratory 
facilities are limited, because it is very easy to perform, costs only 
$2, and can be stored at room temperature (even in warm weather) 
[19]. Although none of the trials included in this review specified 
which method was used to detect CRAG, clinical trialists should 
consider using this tool when screening subjects with suspected 
CM given its practical advantages.
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Fifteen articles investigated drugs on neoplastic meningitis. The 
majority of them included histological examination along with the 
CSF cytology exam demonstrating increased cancerous cell count 
in the eligibility criteria. Because neoplastic meningitis presents in 
patients with cancer at a time when systemic disease has recurred or 
one or multiple chemotherapy regimens have already failed, most 
patients with NM have low life expectancy, and studied interven-
tions are merely palliative. This way, based on what would be 
 considered beneficial and ethical for the patient and his/her family, 
a minimal survival time of at least 8 weeks (2 months) was required 
in most studies. In this sense, researchers address the possibility of 
rapid clinical deterioration due to the disease’s natural history. 
Likewise, most studies also request a minimum score of 50% in the 
Karnofsky Performance Status (KPS), with two other studies 
requiring a KPS of at least 60% or 70%, respectively. Additionally, 
articles that investigated subjects with solid tumors frequently 
applied neuroimaging studies such as magnetic resonance imaging 
(MRI) and cranial tomography (CT) as additional tools to identify 
the causative tumor.

Three studies on eosinophilic meningitis were included in our 
sample. The selection criteria for all of them included the CSF 
eosinophil count >10% as an inclusion criterion. Following the 
principle of excluding conditions that may mimic the disorder 
under investigation, all studies excluded any other etiology of men-
ingitis. Therefore, in order to identify such confounders, studies on 
EM uses CSF culture, CSF latex agglutination test, India ink paint-
ing, CSF Gram staining, and Cryptococcal antigen identification 
to identify and exclude patients affected by other etiologies.

Two studies on viral meningitis were analyzed. One of them 
studied a population with herpes simplex virus, whereas the other 
investigated a population with enterovirus infection. Both studies 
included a finding of pleocytosis in CSF cytology and the identifi-
cation of the specific pathogen using a polymerase chain reaction 
(PCR) test to detect the viral DNA/RNA.

Among the 17 studies on TBM, most of them used different case- 
definition criteria. Overall, the majority of papers classify study par-
ticipants according to their likelihood of having TBM. Usually, the 
criteria are based on positive findings in the clinical examination, 
CSF laboratory data, chest radiography, and cranial tomography 
exams (Table 3), which are used to define three categories: possi-
ble, probable, or definite TBM.

On the other hand, despite the overall observed heterogeneity 
of diagnostic classifications, there was a tendency of standardization 
of such criteria between trials conducted after 2010. This results 
from an international effort for creating a uniform case definition 
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in clinical research on TBM [22]. In 2009, an international tuber-
culous meningitis workshop took place in South Africa, and had its 
results published on LANCET in 2010 [22]. Through this docu-
ment, a diagnostic score was established based on clinical, CSF, 
and radiological criteria, plus evidence of tuberculosis elsewhere, 
and exclusion of alternative diagnoses. The score ranges from 0 to 
20, and it allocates participants in one of four categories presented 
on Table 4.

6 Interventions

The first step when planning a clinical trial is the development of a 
research question and hypothesis. Such hypothesis derives from 
previous knowledge about the disease itself and about the investi-
gational therapy. In this sense, the investigator has to understand 
and hypothesize the potential effects of the intervention and to 

Table 4 
Diagnostic criteria for meningitis established by Marais et al. [22]

Tuberculous Meningitis case definition

Definite
1. Clinical signs and symptoms plus one or more of the following: CSF 
acid-fast bacilli; CSF culture; or CSF positive nucleic acid amplification 

test.
OR

2. Clinical signs and symptoms plus acid-fast bacilli seen in the context of 
histological changes consistent with tuberculosis in the brain or spinal 
cord and CSF biochemical changes, or visible meningitis on autopsy.

Probable
1. Clinical signs and symptoms plus a total diagnostic score of 10 or more 

points (when cerebral imaging is not available) or 12 or more points 
(when cerebral imaging is available) plus exclusion of alternative 

diagnoses. At least 2 points should either come from CSF or imaging 
criteria.

Possible
1. Clinical signs and symptoms plus a total diagnostic score of 6–9 points 

(when cerebral imaging is not available) or 6–11 points (when cerebral 
imaging is available) plus exclusion of alternative diagnoses. Possible 

tuberculosis cannot be diagnosed or excluded without doing a lumbar 
puncture or cerebral imaging

Not TBM
Alternative diagnosis established, without a definite diagnosis of TBM or 

other convincing signs of dual disease.

Table adapted from Marais et al. [22]. Diagnostic score is available in the mentioned 
reference.
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which population it is applicable. Moreover, the intervention’s 
mechanism of action will influence the selection of an outcome 
that captures its effects, as well as the time length necessary to 
observe those effects.

All clinical trials included in our sample studied interventional 
drugs. The discussion of these drugs will be divided by etiology of 
meningitis. Interventions on infectious etiologies were classified as 
those directed to the specific pathogen (antimicrobials) or ancillary 
treatments applied to improve outcome (adjunctive therapy).

Clinical trials in bacterial diseases have unique features. Antibiotics 
have been established as standard of treatment in a period before 
the randomized clinical trials era. Therefore, investigations of this 
class of drugs are usually not placebo-controlled, which would be 
at least questionable from an ethical perspective. Instead, many 
studies test either the addition of new antibiotics to the standard of 
care, or a direct comparison between new antibiotics and standard 
therapy. In addition, the development of resistant microorganisms 
is a major drive to conduct trials studying combined therapies, dif-
ferent dosages and even different durations of treatment.

Out of the 32 reviewed studies on bacterial meningitis, 11 
investigated antibiotics. The most common design in these trials 
was randomized parallel with two groups of comparison—again, 
the simplest but still very robust design for confirmatory trials. 
Investigators were mainly interested in testing the efficacy of a new 
antibiotic against the standard treatment, or comparing different 
durations of therapy. In the latter case, a useful approach to com-
paring different durations of therapy can be exemplified in the 
study conducted by Singhi et al. They tested the efficacy of a short-
ened course of ceftriaxone (i.e., 7 days) against the standard dura-
tion of the same drug (i.e., 10 days) in children with bacterial 
meningitis. In order to minimize potential biases, all patients 
received the drug for the first 7 days and, in the seventh day of 
treatment, patients were randomized to two groups: continuation 
of antibiotic for more 3 days or matched placebo for the lasting 
3 days. Therefore, both patients and investigators were appropri-
ately blinded to the intervention.

On the other hand, investigation of adjunctive therapies to 
antibiotics has received a great amount of focus in this field. This is 
in agreement to the fact that bacterial meningitis is associated with 
high rates of neurological complications, such as hearing loss and 
neuropsychological disorders, which may be prevented by using 
adjunctive anti-inflammatory drugs. Hence, 19 out of 32 studies 
investigated ancillary therapies using dexamethasone and/or glyc-
erol. Similar to antibiotic trials, the predominant study design for 
adjunctive therapies was randomized parallel with two comparison 
groups—in this case, adjunctive therapy and placebo. Additionally, 
in the context of adjunctive therapies, trialists had to choose 
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whether to control for the concurrent antibiotic intervention, 
because this could be a source of variability to the trial results. In 
this sense, the majority of trials did not establish a standardized 
antibiotic therapy, whereas three clearly controlled which antibi-
otic patients received. For example, Wald et al. tested whether the 
addition of intravenous dexamethasone to ceftriaxone was more 
effective in preventing hearing loss in children with BM than cef-
triaxone alone. Future investigations of ancillary treatments in this 
field should consider controlling the antibiotic therapy, for this 
may increase the internal validity of the trial.

Finally, it is worthy to mention that, in contrast to studies of 
antibiotics, a considerable amount of trials in adjunctive therapies 
are designed as randomized parallel with multiple-arms. These 
studies were mainly interested in investigating the individual effects 
of two ancillary treatments and their combination (e.g., dexameth-
asone vs. glycerol vs. combination of both vs. placebo). However, 
as previously mentioned, these are mainly phase II trials.

Investigational therapies in cryptococcal meningitis usually address 
one of two characteristics of this condition: the high mortality rate 
and its relationship with AIDS. Mortality in CM is highly associ-
ated with rate of clearance of Cryptococcus neoformans from cere-
brospinal fluid, thus, many trials in this condition test different 
treatment regimens with antifungals to achieve a rapid CSF 
clearance. On the other hand, other investigations target HIV 
activity, and explore antiretroviral treatment regimens.

Among the 31 clinical trials in cryptococcal meningitis, 23 
studied different combinations and durations of antifungal ther-
apy. Similar to antibiotic trials in BM, phase III trials of antifungals 
in CM were predominantly designed as randomized parallel with 
two groups: a new regimen vs. the standard therapy. Additionally, 
phase II trials were mostly randomized parallel with multiple arms, 
testing different doses, combination of drugs, and treatment dura-
tions. By the other side, all trials testing antiretroviral therapies 
were randomized parallel with two groups and tested the effect of 
timing of ART introduction in mortality of CSF clearance rate. 
Because the interventions in these trials were timing of ART intro-
duction (e.g., immediately after CM diagnosis vs. delayed), all of 
them were open-label, since both patients and investigators knew 
the allocation group. However, because mortality and CSF clear-
ance rate are objective outcomes—less associated with observer 
and experimenter biases—this design is a good alternative for com-
paring timing of ART therapy.

Clinical trials on TBM highly focused on the investigation of adju-
vant therapies to modulate inflammatory response to the infection 
and reduce the occurrence of endarteritis and brain infarcts. 
Among the 17 trials on TBM, 11 investigated the role of 
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corticoids, aspirin or thalidomide in improving neurological out-
comes. These trials were mainly randomized parallel with two 
groups of comparison: adjuvant therapy vs. placebo. In addition, 
most trials ensured that all patients received the same antimycobac-
terial antibiotics, while testing the efficacy of these ancillary inter-
ventions. Finally, only one trial studied the role of ART and, similar 
to studies in cryptococcal meningitis, this was an open-label ran-
domized parallel trial with two groups of comparison.

Interventional studies on neoplastic meningitis have investigated 
new chemotherapy regimens, comparing the combination of dif-
ferent drugs and treatment duration. Nine out of 15 articles on 
NM are nonrandomized single-arm trials that studied safety and 
pharmacology of such interventions, as mentioned in section 4. 
Other four studies tested new drugs against standard chemothera-
pies in a two-parallel randomized design. Furthermore, all tested 
interventions were administered intrathecally, which may explain 
why is difficult to have placebo-controlled studies in this 
condition.

In our sample, studies on eosinophilic meningitis focused investi-
gating an anthelmintic treatment (i.e., albendazole) and its associa-
tion to an anti-inflammatory ancillary therapy (i.e., prednisone) in 
a two-parallel randomized design.

Studies on viral meningitis investigated the efficacy of antivirals in 
a double-blinded, placebo-controlled, two-parallel design.

7 Outcomes

A critical step in the development of a sound research question 
relies on the determination of outcome assessments. Selection of 
primary and secondary outcomes is driven by trial phase, disease 
under study and intervention [23, 24]. Study phase determines the 
goal of a trial to the extent that early phases target safety and 
 pharmacological measurements, whereas phase II and III trials aim 
to measure preliminary and definite efficacy, respectively. Moreover, 
outcomes vary according to pathophysiological mechanisms and 
clinical impact of the condition being investigated. In fact a 
thoughtful consideration of the study outcome is critical (read 
more in Chap. 1).

Meningitis, for instance, is an acute life-threatening condition 
associated with high mortality and morbidity rates. Thus, clinical 
outcomes in meningitis trials are predominantly associated to 
survival or neurological morbidity. Likewise, outcome assessments 

6.4 Neoplastic 
Meningitis

6.5 Eosinophilic 
Meningitis

6.6 Viral Meningitis

Meningitis



232

are also settled on the mechanism of action of interventions that 
target either survival or morbidity improvement.

Study outcomes can be classified as three different types: clinical, 
surrogate and functional. Clinical outcomes provide direct infor-
mation on how patients feel or survive [24, 23]. Hence, they are 
robust measurements commonly employed to confirm the efficacy 
of a new intervention in phase III trials. In meningitis, the most 
frequently used clinical measurements evaluate either survival or 
neurological morbidity (e.g., hearing loss, neurological develop-
ment delay in children). Additionally, because meningitis has an 
acute life-threatening profile, mortality becomes a key and suitable 
outcome measurement. On the other hand, assessing survival and 
morbidity can be unfeasible for phase II studies, given the charac-
teristic smaller sample sizes of these trials and the necessity of 
higher statistical power to prove efficacy when using clinical out-
comes [24, 26, 27]. Therefore, surrogates are useful alternatives as 
indirect measurements of clinical status. In this sense, the majority 
of phase II studies included in our samples assessed surrogate out-
comes (84.4%). These measurements consisted on CSF biomarkers 
analysis, such as culture of etiological agents or cytology. Lastly, 
functional outcomes reflect patient’s ability to perform daily activi-
ties. The analyzed trials in meningitis did not use functional assess-
ments as primary outcomes.

The use of different types of outcomes within study phases is 
represented in Fig. 3.

The ultimate goal of many therapies for meningitis is to improve 
overall survival. In accordance, 29 clinical trials measured survival 
as a primary outcome. To accomplish this, the researchers that 
conducted the studies included in our sample used one of three 
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types of approaches. The most frequently used primary endpoint 
(14/29) for mortality was the measurement of time from random-
ization to death, also known as time-to-death. Alternatively, six 
studies primarily assessed the frequency of death in a specific time 
point, in other words: the mortality rate. Moreover, seven studies 
aimed to measure the effects of an intervention in either survival or 
neurological morbidity, whichever occurred until the completion 
of the study. The combination of two endpoints as a primary out-
come, each equally important in determining efficacy, is defined as 
a co-primary outcome [28]. This way, researchers measured the 
frequency of death or neurological sequelae (mainly hearing loss) 
in five studies. The remaining two studies went even further and 
categorized the co-primary outcome. Finally, Nathan et al. defined 
the primary outcome as the percentage of treatment failure—a 
summary endpoint defined as death or worsening in many clinical 
parameters, such as Glasgow Coma Score, fever, and occurrence of 
convulsion, among others [29]. This latter approach is defined of 
a composite outcome, in which an event is defined as the first 
occurrence following an intervention of one of several predesig-
nated outcomes.

Each one of these approaches has advantages and drawbacks. 
Mortality rate as a categorical outcome is the simplest primary out-
come. It only requires a single measurement, which diminishes 
logistic issues. In addition, the statistical analysis of mortality pro-
portions is relatively easy to perform and interpret [23]. However, 
this approach has two main drawbacks: (1) it does not capture the 
effect of an intervention over time, which is important, because the 
studied treatments can present survival rates that vary across time 
(therefore decreasing the amount of information and also analysis 
power); (2) it requires patients with similar follow-up periods, 
which may be unfeasible in some settings [30, 31]. An alternative 
to deal with these issues consist on using a time-to-death outcome. 
It enables researchers to study not only the occurrence but also the 
timing of death. Also, it allows the comparison of groups with dif-
ferent length of follow-up and, more important, patients who are 
lost to follow-up can still contribute to the study. A drawback of 
time-to-death outcomes is that it increases the number of end-
points and is more complex to analyze and interpret [30].

We found nine trials that assessed neurological sequelae as a pri-
mary outcome. As previously mentioned, five of them combined a 
measure of neurological impairment with death in a co-primary 
outcome. Additionally, all trials assessed the frequency of neuro-
logical sequelae in their analysis. However, trials differ on how 
measured and categorized such outcomes. For example, hearing 
loss was evaluated in all nine trials, although the classification of 
hearing impairment varied across studies. Kanra et al. and Gijwani 
et al. categorized audiological impairment into mild (21–40 dB), 
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mild to moderate (45–55 dB), moderate (56–70 dB), severe (71–
90 dB), and profound (>90 dB) severity [32, 33]. The primary 
outcomes in those studies were the incidence of at least a moderate 
impairment. On the other hand, Sankar et al. used the following 
classification: mild (21–40 dB), moderate (41–60 dB), moderately 
severe (61–80 dB), severe (81–100 dB), profound (>100 dB) 
[34]. In this trial, the primary outcome consisted of frequency of 
abnormal audiological function. Lastly, Peltola et al. were only 
interested in the incidence of deafness, which was defined as no 
responses for sounds at ≥80 dB of intensity [35].

In addition, six trials assessed long-term neurological sequelae 
that were not hearing loss. The assessed outcomes were: blindness, 
hemiplegia, quadriplegia, psychomotor retardation, hydrocephalus 
requiring shunt, marked spasticity, seizure, and hypotonia. The 
majority of studies assessed a combination of such outcomes and 
classified them in a composite outcome defined as “severe neuro-
logic sequelae.” In this case, the primary outcome was frequency of 
severe sequelae. However, Sankar et al. divided neurologic impair-
ments into two categories: major and minor [34]. The former relates 
to blindness, quadriparesis, hemiparesis, severe psychomotor retar-
dations, and hydrocephalus, whereas the other was composed by 
monoparesis, moderate psychomotor retardation, and ataxia. In 
order to analyze these outcomes, the authors measured the fre-
quency of both categories and compared across the groups.

Clinical response in meningitis trials refers to assessment of signs 
and symptoms of the disease other than neurological sequelae. 
Fourteen studies used clinical assessments as primary outcomes. 
Of these, only six used these results as a sole outcome, whereas 
four used clinical response as a co-primary outcome, and four as a 
composite outcome (See section 7.1.5).

Assessment of clinical response varied across clinical trials and 
etiology of meningitis. Some studies compared the frequency or 
number of patients with signs and symptoms across study groups. 
For example, three studies in EM compared the number of patients 
who still had headaches after 2 weeks of treatment. Additionally, 
Kapoor et al. assessed the frequency of fever, meningismus, dizzi-
ness, vertigo, diabetes insipidus, vomiting, and wound healing 
among patients with NM [36]. On the other hand, five studies 
categorized clinical success according to disappearance of signs and 
symptoms of meningitis, and compared the frequency of “cure/
treatment success” across groups.

We found 27 trials that used CSF examinations as primary out-
comes. Sixteen of them evaluated these results in a single endpoint, 
whereas eight utilized them in a composite with other outcomes, 
and three assessed them with other co-primary outcomes sepa-
rately. The CSF examinations varied across studies and etiology of 
meningitis (Table 5).

7.1.3 Clinical Response 
Outcomes

7.1.4 Surrogate 
Outcomes: The Role of CSF 
Analysis
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Cryptococcal meningitis trials most frequently used CSF 
examinations endpoints, compared to other etiologies. Among the 
employed endpoints, the mean-rate decrease in cryptococcal 
Colony Forming Units (CFU) in CSF was observed in eight trials. 
This summary statistic is based on an average of repeated quantita-
tive measures in the CSF of individual patients, and has been con-
sidered more powerful than the common comparison of CSF 
culture conversion rate in one single time point [23]. In addition, 
this measure is based on a log transformation of the number of 
CFU/ml of CSF per day, and is usually derived by the slope of 
the linear regression of log CFU against time for each patient [23]. 
On the other hand, the CSF culture conversion rate is also commonly 
applied, and has the advantage of being simpler and of easier inter-
pretation. In contrast to the mean decrease in CFU, culture conver-
sion rate is usually obtained after one single time point at 2 weeks 
of treatment for CM [23]. At last, only one trial in CM assessed the 
time to CSF culture conversion.

With regard to other etiologies, six studies on NM assessed 
CSF endpoints, and all consisted on CSF cytology clearance rate. 
In contrast, three studies on BM used of CSF culture conversion 
rate as their primary outcome.

There are arguments for and against the use of co-primary and com-
posite outcomes. Overall, these approaches ensure that a higher 
number of events will occur among the study population, which 
ultimately increases the statistical efficiency of a trial [28]. As a result, 
it may decrease the needed sample size and, consequently, the study 
costs and time length [28]. Nevertheless, composite and co-primary 
outcomes often make the sample size calculation a complex and 
imprecise process, since it is difficult to estimate the overall 

7.1.5 Co-primary 
and Composite Endpoints

Table 5 
Cerebrospinal fluid examination and the etiology of meningitis

Total

Cryptococcal Meningitis 16

Mean-rate decrease in CFU in CSF 8

CSF culture conversion rate 7

Time to CSF culture conversion 1

Neoplastic Meningitis 6

CSF cytology clearance rate 6

Bacterial Meningitis 3

CSF culture conversion rate 3
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occurrence of the combined measures [28]. In addition, whenever 
assessing co-primary outcomes, researchers have to correct for mul-
tiple comparisons. Finally, the clinical interpretation of results might 
also be more difficult. Unless there is previous experience from pilot 
trials or other studies, the use of composite outcomes may not be 
the best approach for a confirmatory clinical trial.

8 Sample Size

A priori sample size calculation is one of the first steps when plan-
ning a study and it helps to frame the trial design. According to the 
CONSORT criteria, sample size estimations must be reported and 
justified in published articles [37]. In addition, whenever sample 
size is not calculated a priori, underestimation or overestimation of 
sample size might occur, and both situations have serious conse-
quences. The first of them is increased type II error risk due to 
underestimation; which ultimately means that the intervention 
might be rejected when it could be beneficial. On the other side, 
overestimation increases trial costs and might overexpose subjects 
to a new and uncertain therapy, or equally expose them to unnec-
essary risk when randomized to a placebo arm [38]. Therefore, 
appropriate methodology of sample size calculation is of extreme 
importance for high-quality clinical research on meningitis.

In this context, we found 48 studies that reported sample size 
calculation (Table 10). Calculation of sample size is, however, con-
ventionally executed with three main parameters: alpha level of sig-
nificance (type I error), power, and expected effect size [38]. 
Hence, only 39 studies reported all three parameters—which is 
essential since it enables readers to recalculate sample size. It is 
therefore very important that investigators in this field report all 
three parameters used to calculate the sample sizes.

Among these parameters, the conventional designation of 
alpha 0.05 was the most employed level of significance (Table 9). 
This is expected since alpha levels below 0.05 are only appropriate 
in specific settings; such as an expensive drug associated with seri-
ous side effects, but that could be very beneficial. In these situa-
tions, researchers might want to be strict and minimize the risk of 
statistical error to 0.01 or even less [38]. Further, we found a pre-
dominance of studies powered at 80% level over 90%—which is in 
compliance with Cohen’s suggestion that a power of 80% is suffi-
cient to reasonably reduce the risk of type II error [39].

Additionally, finding the treatment estimate may be challeng-
ing. Although investigators often seek statistician’s advice for sam-
ple size calculation, the appraisal of predicted effect size requires 
pertinent clinical reasoning. Thus, knowing sources from which is 
possible to make an “educated guess” is extremely valuable. 
Moreover, in order to predict effect size, a researcher has to make 
assumptions regarding both the control group response, and the 
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expected effect of the new intervention in the active group [38]. 
This way, most studies based the assumptions for control group on 
observational studies (13%) and previous clinical trials (8%) 
(Table 6). Though the majority of trials did not report the source 
from which they predicted the intervention response (86%), 12 

Table 6 

Clinical trials in meningitis and the estimation of effect size

Total

Alpha level 100

0.05 42

Two-sided 28

One-sided 7

Not specified 7

0.025 one-sided 1

Not reported 57

Power 100

80% 37

90% 9

71% 1

Not reported 63

Control group expected effect 100

Observational data 13

Previous clinical trials 8

Not specified 79

Active group expected effect 100

Minimally clinical significance 4

Pilot studies 0

Previous clinical trials 12

Not specified 86

Attrition 100

20% 5

10% 3

Other 5

Not considered 87
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studies relied on previous clinical trials results, while four employed 
the assumption of minimally clinical significance as a rationale to 
estimate the treatment effect.

9 Randomization

Random allocation qualifies RCTs as the gold standard in medical 
research. The main goal of randomization is to balance the distri-
bution of known and unknown prognostic factors across groups 
[40, 41]. The allocation is accomplished under the light of proba-
bility theory—meaning that randomization is unsystematic and 
unpredictable [42]. Therefore, comparison groups differ only by 
their intervention, and any observed difference in outcome is likely 
to result from differences in treatment effect. This way, randomiza-
tion minimizes the probability of selection and confounding biases.

Proper employment and clear reporting of randomization are 
central for scientific accuracy and credibility. The CONSORT cri-
teria determine that researchers must report the following items in 
published articles: type of randomization, randomization sequence 
generation, implementation of randomization, and allocation con-
cealment [37]. We will discuss each one of these topics herein.

A critical process for randomization in clinical trials is how to 
generate the allocation sequence. Most frequently used methods 
to create a randomization schedule include computerized random 
number generation and random-number tables. In our sample, we 
found 87 randomized trials, and only 45 reported how they gener-
ated the randomization sequence. The observed underreporting of 
this procedure (51.7%) is in accordance to a cohort of publications 
indexed on PubMed, in which only 36% of publications presented 
complete information [43]. Yet computerized random number 
generator was the most applied method among meningitis trials 
(86.7%). Random number tables came as the second preferred 
method (6.7%).

Interestingly, the remaining trials employed methods such as 
alternating days, and odd or even enrolment numbers to generate 
a randomization schedule. Although reported as randomization 
processes, these methodologies are not random since they are 
based on systematic occurrences [40, 41, 44]. Moreover, such 
schemes are prone to uncover allocation concealment, since it 
enables those who recruit subjects to know treatment assignment 
before it happens. This way, systematic methodologies for alloca-
tion are not truly random and are susceptible to introduce selec-
tion bias [44]. Therefore, it is recommended that investigators use 
computerized random number generators as a method for creating 
their randomization list.

9.1 Randomization 
Sequence Generation
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There are different types of randomization, each one has advantages 
and disadvantages. Simple randomization is the most rudimentary 
method. Similarly to a toss of a coin, it gives each subject a 50% 
chance of receiving active or control treatments. The main draw-
back of such method is the risk of getting imbalanced groups, or 
groups with different sample sizes, when applying it to small sam-
ple sizes [41, 44]. In contrast, simple random allocation is unpre-
dictable and an appropriate method to randomly balance groups in 
relatively big samples [41, 44]. In this context, we found only four 
trials that used simple randomization. Of these four, two used odds 
and even numbers to generate the allocation sequence and, there-
fore, are not truly randomized trials. The remaining two studies 
had sample sizes of 357 and 58, respectively. It is important to 
stress that the latter had a significant imbalance in baseline CSF 
glucose measurements, which highlights the limitation of using 
this method in relatively small samples.

Blocked randomization is an alternative when investigators 
want to ensure a balanced number of subjects across groups. 
Briefly, this method randomizes several subjects at time in blocks of 
fixed or permuted sizes [41, 44]. In this way, it is possible to guar-
antee that comparison groups will have equal sizes throughout the 
trial. This feature is very important when it comes to carrying out 
interim analysis or when researchers are working with small sample 
sizes [44]. On the other hand, this method does not abolish the 
risk of getting imbalanced groups for important prognostic factors. 
In addition, fixed blocks of small sizes (e.g., blocks of 4) increase 
the chance of uncovering the assignment schedule by those 
involved in enrolment tasks [41, 44].

In this context, we found 22 clinical trials that used block ran-
domization (Fig. 4). Blocks of 10 were the most used size of block-
ing (5 out of 22), and were employed mainly in studies with more 
than 60 subjects. Blocks of 4 (4 out of 22) were the second most 
applied method, especially in trials with <100 subjects. Interestingly, 
two open-label trials used blocks of 16 in order to minimize the 
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chance of uncovering the allocation concealment, as discussed 
above. Moreover, only one study employed permuted block 
randomization, with block sizes varying between 2, 4, and 6. 
This way, although permuted block randomization is a robust 
method to ascertain unpredictability of random allocation, it has 
been less used than fixed block sizes.

Stratified randomization is intended to minimize imbalance for 
important covariates. This method creates separate randomization 
schedules for selected strata defined by important prognostic factors 
[41, 44]. However, stratification has important caveats. First of all, 
the statistical analysis of stratified trials has to address each variable 
that was used to stratify randomization. This creates complexity 
since increasing the number of covariates in a statistical model is not 
desirable. Secondly, stratification may not be useful in large trials 
because greater sample sizes lead to balanced groups with simpler 

Table 7 
Applied factors for randomized stratification in each etiology of 
meningitis

Total

Cryptococcal Meningitis 13

Center 8

Mental status defined by Glasgow Coma Score 7

Primary or recurrent infection 1

Prior therapy for acute infection 1

Severity of headache 1

CSF opening pressure 1

Tuberculous Meningitis 7

TBM severity 5

HIV status 2

Center 1

Bacterial Meningitis 6

Center 6

Neoplastic Meningitis 2

AIDS-related lymphoma 1

Primary tumor histology 1

Viral Meningitis 1

Primary or recurrent infection 1
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methods (simple randomization) [41, 44]. One exception for this, 
however, is stratification by center in multicenter trials. Finally, strat-
ification does not guarantee balanced groups if simple randomiza-
tion is performed within each stratum; actually it can increase risk of 
imbalance since the total sample size is divided into each one of 
them. Therefore, stratification should be performed coupled with a 
type of restriction, usually blocking [44].

We found 30 studies that used stratified randomization and 20 
of them used blocking as a restriction method. Eight papers did 
not specify the randomization method within each stratum, and 
the remaining two reported using an adaptive randomization tech-
nique. Moreover, the majority of trials (21) stratified for 1 factor 
only, while eight and one stratified for 2 and 3 factors, respectively. 
In addition, 15 studies stratified for center. In Table 7 we show the 
most utilized factors for randomized stratification in each etiology 
of meningitis.

The second key process to achieve appropriate randomization is 
allocation concealment. Regardless of having a random allocation 
sequence, prevention of foreknowledge of treatment assignment 
avoids introduction of selection bias. Moreover, previous trials 
have shown that inappropriate allocation concealment undermines 
the randomization process, because those responsible for enrolment 
may assign patients for groups based on their beliefs [42].

Most studies in our sample did not report the employed alloca-
tion concealment method (46%). This is in conformity to reports 
that showed that authors omit this information in 45% of studies in 
general medical journals [42]. However, without proper reporting 
readers cannot be sure whether biases were introduced in the trial. 
Alternatively, among those trials that reported concealment meth-
ods, 32% used sealed envelopes, whereas 9% utilized sequentially 
numbered containers. These methodologies are considered appro-
priate, but reports have shown that investigators are able to sub-
vert them in some occasions [42]. In this context, Schultz et al. 
described the minimum criteria for reporting allocation conceal-
ment schemes that include the use of one of the following mecha-
nisms: sequentially numbered, opaque, sealed envelopes (SNOSE); 
sequentially numbered containers; pharmacy controlled; and cen-
tral randomization [42]. In fact, with the currently available tech-
nological methods, it is fairly easy to implement concealment 
methods using a central computerized scheme. In addition to 
planning and describing the type of concealment utilized, it also 
important that investigators make use of tactics to prevent assign-
ment subversion (i.e., cardboard inside the envelope, containers 
with equal appearance, and proper training of study staff involved 
central randomization office) [42].

9.3 Allocation 
Concealment
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Besides random sequence generation and proper allocation con-
cealment methods, researchers have to plan how these processes 
are going to be implemented in order to avoid bias. This way, it is 
important to ensure that those who generate the allocation 
sequence and/or conceal the allocation schedule are not involved 
in enrolment or assignment of patients [42]. In our sample of 
trials, only 29% reported who generated the randomization list. It 
is therefore important that investigators comply with this requirement 
of trial planning and reporting.

10 Blinding

Study blinding, similarly to randomization, is critical to prevent the 
introduction of biases in clinical trials. Although, it is important to 
have clear in mind that blinding and randomization address 
distinct sources of bias. By keeping investigators unaware of group 
assignment, blinding reduces observer bias—which means that it 
reduces differential assessment of study outcomes by those asses-
sors [45]. In addition, unblinded treating investigators may influ-
ence the behavior of subjects, or use different cointerventions, or 
make different adjustments to the intervention dose, or even take 
different decisions to withdraw participants or encourage them to 
discontinue the study. All those conscious or unconscious attitudes 
introduce what is called experimenter bias [45]. On the other way, 
knowledge of group assignment by participants can affect their 
response to the treatment because of changes in their lifestyle or 
through their expectation of improving (placebo effect) or worsen-
ing (nocebo effect) their condition. Further, unblinding subjects 
to their treatment allocation can affect their compliance to the 
protocol, and their adherence and retention to the study [45].

The levels of blinding are defined as: open-label, single-blinded, 
double-blinded or triple-blinded. Open-label studies are usually 
performed in phase I trials, in which patients undergo dose- 
escalating schemes and monitoring of adverse effects is central. 
Single-blinding refers to situations in which at least the investiga-
tor (assessor) or the participant is blinded, and is a useful approach 
whenever double-blinding is not possible. Double-blinding occurs 
when participants and both assessors and treating investigators are 
blinded. Finally, on triple-blinded studies, besides participants and 
investigators, the statistician, or the Data Safety Monitoring Board 
(DSMB), or the pharmacist is blinded.

In our sample of studies, the majority of trials were double- 
blinded (39), whereas 35 studies were open-label, eight were 
single- blinded, and 18 did not specify the type of blinding (Fig. 5). 
The high number of open-label studies is an interesting finding, 

9.4 Implementation 
of Randomization

10.1 Level 
of Blinding
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since unblinded trials have high risk of bias. Indeed, the majority of 
these studies (30 out of 35) did not justify the reason for not estab-
lishing at least one level of blinding, whereas five were phase I tri-
als. However, when analyzing for other trial characteristics, it is 
possible to establish that most of these trials compared combina-
tions of different drugs, or different intervention doses, or differ-
ent routes of administration. Another point to consider was that a 
good number of these subjects were assessed using surrogate, labo-
ratorial exams (19/35 studies), which are considered objective 
measurements—less exposed to observer and experimenter biases. 
In addition, 11 of these trials studied interventions in patients with 
neoplastic meningitis, in which it is reasonable to affirm that there 
is an increased concern with safety and an open-label approach may 
be reasonable in order to monitor safety closely.

Anyways, recognizing the limitation of such inferences about 
open-label trials on meningitis, it is important to highlight similar 
studies that were successful on performing a single or double-blind 
condition. This way, seven of the eight single-blinded trials blinded 
the assessor who conducted clinical examinations or laboratory 
analysis, whereas one blinded only participants. By having blinded 
assessors, researchers diminish the risk of observer bias, but the 
experimenter bias is not addressed, and unblinded patients may 
not comply with the protocol. On the other hand, when only par-
ticipants are blinded, the investigators may influence their behavior 
or introduce bias on outcome assessment.

The first step to maintain blinding during the trial relies on proper 
treatment manufacturing [45, 46]. In the context of meningitis, 
where all interventions consisted of drugs, it is crucial that pills or 
IV solutions are matched in appearance, taste, touch, weight, and 
smell in order to keep study participants and investigators blinded 
to group assignment. Additionally, the second step consists in 

10.2 Similarity 
of Interventions
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ensuring that investigators do not know which intervention is in 
the treatment container [45, 46]. Therefore, drug containers must 
be labeled with only the patient number, and cannot present any 
treatment identifying information.

We found 29 double-blinded studies that clearly stated that 
interventions were matched in appearance. Some authors were 
even more careful with blinding reporting and stated that adminis-
tration schemes were also similar. On the other hand, drug 
 appearances could not be matched in four double-blinded trials, 
but researchers overcame this problem by ensuring that containers, 
syringes and infusion lines were opaque and undistinguishable, 
which is a valid approach. In addition, five studies that tested inter-
ventions with different route of administrations ensured proper 
blinding by using what is called double-dummy design.

Double-dummy design is a technique that ensures blinding when 
the study treatments cannot be made identical. In this technique, 
placebo conditions are manufactured for both interventions, and 
patients receive either only one active treatment or both placebos 
conditions (when there is a placebo group) [46]. For example, 
Singhi et al. were interested in studying the effects of glycerol as an 
adjuvant therapy for childhood bacterial meningitis [47]. Since 
dexamethasone was another adjuvant treatment already used by 
that time, the authors randomized patients to four groups: combi-
nation therapy, glycerol only (with placebo dexamethasone), dexa-
methasone only (with placebo glycerol), or double placebo. As 
glycerol is orally administered and dexamethasone has an intrave-
nous route of administration, authors utilized an oral and an intra-
venous placebo that matched in appearance to glycerol and 
dexamethasone, respectively.

The CONSORT statement recommends that researchers test for 
blinding success as a mechanism of evaluating the risk of bias [37]. 
However, in our sample, none of the trials reported any type of 
blinding assessment. Strategies for assessing blinding can help to 
assess whether bias was introduced in the trial.

11 Recruitment

Subject recruitment is one of the most challenging aspects of clini-
cal research. Low recruitment rates can increase trial costs, time 
demanding, and determine the study to stop before reaching the 
calculated sample size, which affect the study power. Therefore, 
investigators have to be acquainted to recruitment strategies and, 
more importantly, know well their target population in order to 
effectively reach out to them.

10.3 Double-Dummy 
Design

10.4 Blinding 
Assessment
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The first step when planning recruitment of patients with men-
ingitis is to define the target population. Researchers target their 
population when they plan the eligibility criteria. Therefore, as 
discussed in Subheading. 5, the inclusion criteria generally set the 
etiology of meningitis being studied, whereas the exclusion criteria 
is adjusted in order to eliminate factors that would decrease trial 
internal validity. Notwithstanding, these subtle changes on who is 
eligible to enter the study can have great impact on patient accrual. 
For example, Mfinanga et al. planned a trial that targeted patients with 
HIV-associated cryptococcal meningitis and a CD4 cell count 
<100 cells/μL [48]. In spite of conducting a trial in a high- 
prevalent HIV area (Zambia and Tanzania), the study had low 
recruitment rate, and the authors had to change the original criteria, 
then targeting patients with CD4 cell count <200 cells/μL.

The second step relates to a famous statement dubbed as 
Lasagna’s Law. This principle states that researchers tend to over-
estimate the pool of available patients for a research study [49]. 
The popular rationale estimates that only 10% of the accessible 
population will be eligible for the study [49]. Therefore, investiga-
tors have to account for that error when making estimations of the 
eligible population.

Among the trials reviewed in this chapter, only 47 reported 
information regarding the number of subjects screened for partici-
pating in the trial. This information is extremely helpful as for pro-
viding an estimative of recruitment yield to researchers planning a 
clinical trial in meningitis. Recruitment yield is defined as the num-
ber of patients randomized divided by the number of patients 
screened, and is a good indicator of whether recruitment approaches 
were effective at reaching the targeted population of study. In this 
chapter, trials in different etiologies of meningitis had similar 
recruitment yield rates. In studies of bacterial meningitis, 68.9% of 
screened patients were indeed randomized, whereas in cryptococ-
cal meningitis studies this rate was 63.25%, in tuberculous menin-
gitis it was 62.11%, and neoplastic meningitis it was 58.21%. 
Therefore, clinical trialists should take these numbers in account 
when planning their study. These numbers are relatively high when 
compared to other chronic outpatient conditions such as chronic 
pain that yield rate can go as low as 1–5%.

12 Adherence

In the context of clinical trials, adherence refers to the extent to 
which subjects follow the treatment regimen and complete follow- up 
visits [50]. Poor adherence to intervention regimen increases 
outcome variance, and may mislead results. Likewise, lack of adher-
ence to study appointments leads to underpowered testing, and 
invalid results because of missing data [50]. Moreover, similarly to 
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low recruitment rate, poor adherence increases trial costs and dura-
tion, and may determine the study to stop prematurely.

To avoid poor adherence, investigators have to understand its 
potential causes and address those issues when planning and imple-
menting the study. In general, adherence is affected by factors 
associated both with patients, intervention regimen, and the dis-
ease under study [50, 51]. Patient factors vary from the reason for 
participating in the trial to their beliefs, psyche, comorbidities and 
relationship with the study staff. Therefore, as previously men-
tioned, it is important for researchers to understand their target 
population characteristics and needs in order to address potential 
problems. On the other hand, the type of treatment, its duration 
and associated side effects can be an issue for patients. Overall, 
trials with longer duration and negative side effects have lower 
retention than short term research with safer drugs. Additionally, 
the associated costs with transportation and time away from work 
are significant causes for low adherence, and are key factors to 
address during the study. Lastly, the natural course of disease and 
its severity also play an important role in this topic [50, 51].

In this context, the mean adherence rate of meningitis studies 
was 89% (Table 8), as defined as the percentage of participants who 
completed the protocol and study follow-up visits. Similarly, all 
studied etiologies had high adherence rates on average. Yet neo-
plastic and cryptococcal meningitis were associated with relatively 
smaller rates. This may be caused because CM and NM patients have 
unique characteristics that may be related with this finding. For 
example, CM patients are mostly co-infected with HIV, and NM 
patients commonly have systemic cancer progression. Therefore, 
participants with those conditions may drop out because of severe 
disease progression and necessity to get other drugs that may affect 
the trial results. In addition, studied interventions in CM and NM 
frequently have significant side effects, and toxicity is a common rea-
son for which patients drop out the study.

Table 8 
Adherence rate of clinical trials in meningitis

Adherence

Overall 89%

Tuberculous Meningitis 93%

Bacterial Meningitis 91%

Eosinophilic Meningitis 91%

Viral Meningitis 91%

Neoplastic Meningitis 88%

Cryptococcal Meningitis 86%
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Moreover, clinical researchers have developed strategies to 
address potential threats to participant adherence. In our sample, 
only five trials reported methods to improve adherence to study 
regimen and appointments. The two employed techniques were 
pill-counting and home visits. By counting pills, the study staff can 
track subject adherence to the treatment regimen and, thus, 
approach patients that are not following the protocol. On the 
other hand, home visits are especially useful for trials that have 
outpatient follow-ups, and may increase retention substantially. 
For example, Mfinanga et al. conducted a study in which trained 
lay workers were responsible to schedule and visit participants at 
their homes in order to deliver the study drug (Antiretroviral 
Therapy) and provide adherence support [48]. Similarly, after los-
ing the first 16 patients to follow-up, Molyneux et al. improved the 
recording of patient’s home addresses in order to trace them if they 
did not attend study appointments [52]. Not coincidently both 
studies had adherence rates >90%, which is an indicative of how 
methods to improve adherence must always be considered in clini-
cal trials.

13 Study Duration and Time Points

While planning a clinical trial, investigators may wonder how long 
a study should last in order to provide useful data and respond 
their research question. In the case of meningitis, this decision will 
be based upon the studied etiology and study outcomes. In the 
following subsections we explore the trial duration for each etiol-
ogy of meningitis.

Most studies in BM followed patients through 6 or 12 months 
(Fig. 6). These trials generally aimed to measure death or 
 neurological morbidity. Few studies had a shorter length, although 
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they usually measured the same type of outcomes. In fact, trials 
that followed patients for 6 or more months have more power for 
measuring mortality and chronic neurological disability. In con-
trast to this pattern, a single study followed participants for 72 h 
during a meningitis outbreak in Niger, in which mortality rate and 
clinical signs and symptoms were measured in this short time 
frame. Nevertheless, because the number of patients and the mor-
tality rate in that area is expressively high, the study had sufficient 
power to get robust results. Yet the short duration of trial limit 
generalizability of results for the long-term follow-up of patients, 
which is a limitation of that study.

We found that the majority of studies on CM lasted 10 weeks 
(Fig. 7). The reason behind 10-week follow-up is the duration of 
therapy for CM. These trials typically tested a therapeutic scheme 
that consisted on 2 weeks of a set of drugs, followed by 8 weeks of 
maintenance therapy. Therefore, authors were mainly interested on 
measuring surrogate or clinical outcomes at 2 weeks and the 
 follow- up at 10 weeks. On the other hand, a considerable number 
of trials lasted 6 and 12 months. Overall, these studies were phase 
III that studied long-term survival of HIV-infected patients.

For TBM, the majority of studies followed patients for either 6 or 
9 months (Fig. 8). Similarly to CM trials, the reason behind these 
two study durations relies on the length of therapy for TBM. For 
these trials, researchers constrained their assessment to the time win-
dow of the therapy, which lasted 6 or 9 months among the included 
trials. In contrast, the studies that assessed 12 and 24 month out-
comes were mainly interested on long survival analysis. The single 
trial that followed patients for only 1 month aimed to measure CSF 
biomarkers, thus, justifying the short length of the study.

The duration of studies in NM in our sample varied significantly 
according to trial phases and type of outcome. Phase 1 studies 
accounted for the trials that lasted 2 weeks and 1 month, and they 
evaluated CSF biomarkers and adverse events. On the other hand, 
the trials that lasted 9, 12, and 24 months measured long-term 
progression-free survival or quality of life survival (Fig. 9).

The three studies on EM included in our sample varied consider-
ably in their duration. However, these trials were homogeneous 
in their study outcomes and design as all of them aimed to mea-
sure symptomatic relief of EM, and researchers acquired the pri-
mary outcome data after 2 weeks of enrollment. Because the 
secondary outcome of these studies was the time until complete 
recovery of symptoms, the duration of trials varied depending on 
individual data.

13.2 Cryptococcal 
Meningitis

13.3 Tuberculous 
Meningitis

13.4 Neoplastic 
Meningitis

13.5 Eosinophilic 
Meningitis
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The analysis of VM trials is limited to the single study included in 
this chapter. In this trial, researchers studied infection by herpes 
simplex virus 2 (HSV-2). Because this infection is chronic and the 
patients are subjected to recurrent episodes of meningitis, the 
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researchers followed study participants for 2 years in order to measure 
the time to recurrence.

14 Statistical Analysis

Appropriate statistical analysis is critical for answering the tested 
research questions. Although there are many ways to analyze data, 
researchers have to follow basic assumptions when planning their 
statistical approach (see Chap. 1—Introduction). In addition, 
researchers have to be acquainted to the main advantages and dis-
advantages of each analysis method in order to extract the best of 
their data.

As discussed previously, the main outcomes on meningitis 
measure either survival or neurological morbidity or CSF outcomes 
or clinical improvement. Further, we showed that researchers have 
used these outcomes in different ways (e.g., time-to-death, mortality 
rate). In this context, study outcomes can be further classified in 
respect of their level of measurement (Consult Chap. 1—
Introduction for more details). We will discuss the most frequently 
used statistical analysis for each type of data in order to guide clinical 
researchers when designing their trial.

We found 15 clinical trials that used time-to-event data as a pri-
mary outcome. The majority of these studies had time-to-death as 
their main outcome (Table 9). On the other hand, two studies had 
time-to-symptom disappearance as their main outcomes. Further, 
another study in CM had time-to-mycological response as a pri-
mary outcome, which represents the time to culture clearance. 
Finally, one study on neoplastic meningitis evaluated the 
progression- free survival, which is defined as the time-to- 
progression of the disorder.

14.1 Time-to- 
Event Data

Table 9 
The use of time-to-event data in meningitis trials

Frequency
Kaplan–Meier 
curves Log-rank test

Cox-proportional 
hazards model

Overall 15 15 15 15

Time-to- death 11 11 11 11

Time-to- clinical response 2 2 2 2

Time-to- mycological 
response

1 1 1 1

Progression-free survival 1 1 1 1
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All studies that analyzed time-to-event data performed Kaplan–
Meier curves, log-rank test, and Cox-proportional hazards model 
to calculate median survival time, compare treatments and also 
adjust for other covariates, respectively (Consult Chap. 2— 
Introduction).

In our sample, the majority of clinical trials had categorical data as 
their primary outcome. The primary outcomes can be seen in 
Table 10. Chi-square was the most employed statistical test for this 
type of data, mainly to analyze the clinical response outcome, 
which was categorized differently across trials (consult Sect. 7). 
Further, other eight trials analyzed categorical outcomes with 
Fisher’s exact test. This test is an alternative to chi-square when 
researchers are dealing with small sample sizes, and the main 
assumption for this test is not fulfilled. Therefore, 29 studies on 
total analyzed their primary outcome with tests that compare 
observed and expected values in tables of contingence. These tests 
are relatively simple to perform, and easy to understand.

On the other hand, nine trials utilized logistic regression mod-
els to analyze their primary endpoints. Interestingly, researchers 
applied this approach to analyze mortality (6/9) or audiological 
and neurological disability outcomes. Logistic regression models 
allow researchers to adjust the statistical analysis for confounders 
and effect modifiers. For example, Peltola et al. opted to measure 
the effect of an adjuvant therapy on mortality rate in CM with a 
logistic model that included receipt of pretreatment antimicrobial 

14.2 Categorical 
Data

Table 10 
Primary outcomes applied in meningitis trials

Frequency
Chi- 
square

Fisher’s 
exact test

Logistic 
regression

Risk 
difference

Cochran–
Mantel–
Haenszel

Overall 43 21 8 9 3 2

Mortality rate 13 4 1 6 1 1

Mycological response  
(yes/no)

9 3 3 0 2 1

Clinical response (yes/no) 11 8 3 0 0 0

Audiological/neurological 
disability

6 3 1 3 0 0

Glasgow Outcome Scale 2 1 0 0 0 0

Meningitis recurrence rate 1 1 0 0 0 0

MRI outcome (yes/no) 1 1 0 0 0 0
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drugs and timing of initiation of antimicrobial therapy as covariates 
[35]. This approach enabled them to identify small differences that 
could have remained undetected in direct comparisons between 
study groups.

We found 15 trials that had continuous primary endpoints. Among 
these, eight studies analyzed the mean rate decrease in the number 
of Colony Forming Units (CFU) in the CSF of patients with CM 
(Table 11). All these studies employed linear regression in the anal-
ysis of this endpoint. This approach enables researchers to compare 
this mycological biomarker across groups controlling for its base-
line values among subjects. In contrast, two studies analyzed other 
CSF biochemical data with repeated measure ANOVA models with 
treatment, time and interaction of treatment and time as indepen-
dent variables. Both approaches are valid to measure changes in 
continuous data in meningitis trials, although the latter may suffice 
for most situations.

Moreover, two studies compared the mean of drug concentra-
tion in CSF across treatment groups with unpaired Student’s t test, 
while three others used Mann–Whitney U test to analyze CSF 
opening pressure, CSF drug concentration or CSF biochemical 
endpoints. The option of using a nonparametric test is guided by 
the normality assumptions explained on Chap. 1—Introduction. 
Overall, parametric comparison of means has more power than 
nonparametric tests. Although, in the context of small samples that 
do not meet these assumptions, the use of nonparametric 
approaches is likely indicated for lack of normal distribution.

Missing data is a common feature of clinical trials. Despite all 
efforts to improve subject’s adherence, and data collection and 
entry, it is uncommon to complete a study with no missing values. 
In fact, missing data can have serious consequences to trial results, 
since it reduces study power and may lead to biased results. This 

14.3 Continuous 
Data

14.4 Missing Data

Table 11 
Relation between the use of continuous primary endpoints and specific statistical tests

Frequency
Linear 
regression

Student’s 
T test ANOVA

Mann Whitney 
U test

Overall 15 8 2 2 3

CSF biochemical data 3 0 0 2 1

CSF drug concentration 3 0 2 0 1

Mean rate decrease in the number 
of CFU in CSF

8 8 0 0 0

CSF opening pressure 1 0 0 0 1
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way, in addition to limit the likelihood of missing data, researchers 
have to know well the available methods for handling it and plan 
ahead the most suitable strategy for their trial.

Before presenting the most used strategies in meningitis trials, 
it is worthy to mention the types of missing data. Three missing 
data mechanisms exist: missing completely at random (MCAR), 
missing at random (MAR), and missing not at random (MNAR). 
The main idea behind this classification is whether the missing val-
ues are related to the study outcome and/or independent vari-
ables. Missing completely at random (MCAR) defines the case 
when missing values are independent of study outcomes and inde-
pendent variables [53]. In contrast, missing at random (MAR) 
occurs whenever missing data depends on independent variables 
but do not relate to the outcome. Finally, in missing not at random 
(MNAR) the missing data relates to study outcomes [53].

To deal with the aforementioned types of missing data, 
researchers have different options depending on the context. The 
most simple but worst methodology consists in analyzing only the 
subjects who completed the study, which is defined as the Complete 
Case Analysis (CCA) or Per-protocol analysis. This approach is 
valid whenever the mechanism of missing data is MCAR. However, 
this approach leads to decreased study power, since it excludes sub-
jects from the main analysis [53]. Therefore, the most recom-
mended approach by the CONSORT criteria is to use a method of 
imputation of missing observations and analyze all participants as 
they were randomized, which is called intention-to-treat (ITT) 
analysis [37]. This approach allows researchers to preserve the ben-
efit of randomization on statistical inferences, and can be used for 
MCAR and MAR mechanisms of missing data [37, 53]. Further, 
there are different methods for imputing missing data that comply 
with the ITT principle. Those methods range from simple imputa-
tion approaches (e.g., last observation carried forward, worst case 
scenario, mean/median imputation) to sophisticated techniques 
(e.g., multiple imputation). Finally, there is no efficient method to 
deal with MNAR data, since the missing observations are directly 
related to the study outcome.

In the context of meningitis trials, most trials in our sample 
followed the principle of intention-to-treat analysis (Table 12). 
However, only nine studies specified the strategy to deal with miss-
ing observations in those cases. Four of them used the last observa-
tion carried forward (LOCF), which consists on imputing missing 
data from the last known outcome value. The LOCF is simple and 
the most frequently used method of imputation in clinical trials 
[37]. Although, some authors have criticized this method, because 
its primary assumption consists in the lack of change in outcome 
values from previous observations, which is likely incorrect. 
Nevertheless, the Food and Drug Administration (FDA) has rec-
ommended this approach as a more conservative alternative to the 
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per-protocol analysis [53]. On the other hand, three clinical trials 
in our sample employed multiple imputation models, which also 
are recommended by the FDA [53], and are a sophisticated but 
more complex approach to data imputation. Finally, one study 
considered the worst case scenario in order to impute the missing 
values, which consists on imputing the missing observation with 
the worst outcome. This approach is the most conservative of the 
three, but it may lead to robust results in case it demonstrates that 
missing data did not affected the study outcome.

A subgroup is defined by study participants that share a common 
characteristic at baseline (e.g., age, sex, race) [54]. The idea of 
analyzing subgroups come from a feature observed in clinical prac-
tice: patients with a specific condition differ greatly from each 
other, and respond differently to the therapy [54]. This way, sub-
group analysis in the context of clinical trials serve the purpose of 
examining whether the treatment effects are different in patients 
that share a common characteristic. However, clinical researchers 
have to understand that subgroup analysis are merely exploratory, 
and the results generated from this type of analysis cannot be 
accepted as definitive. Therefore, subgroup analysis serve mainly to 
generate new hypothesis that can be tested in future studies.

In this sense, investigators may want to design a subgroup 
analysis for their trials to fully explore the data they have in hands. 
In order to achieve that, they have to follow some general con-
cepts. Firstly, subgroups should be defined a priori, before the 
study starts. Secondly, the subgroup variable should be defined 
based on previous trials, or on the selected stratification variables in 
stratified randomized trials (e.g., site, age, severity of disease). 
Finally, the appropriate statistical tests for subgroup analysis usually 
consists in a regression model in which researchers test the interaction 

14.5 Subgroup 
Analysis

Table 12 
Data analysis in meningitis clinical trials

Adherence

ITT 72

Last observation carried forward 4

Multiple imputation 3

Worst case scenario 1

Not specified 64

Per-protocol 20

Not reported 8
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between treatment and the subgroup variable [54]. We will present 
how frequent subgroup analyses are utilized on meningitis trials, 
what variables are used to define subgroups, and what are the sta-
tistical tests used in this field.

In this review, the most frequently used variable for subgroup 
analysis is the causative pathogen. This was observed for BM trials, 
in which different pathogens are possible (e.g., Pneumococcus, 
Meningococcus, Haemophilus). The rationale behind this analysis 
is to address the potential differential prognostic effect of causative 
agents. Moreover, the second most used variable was likelihood of 
diagnosis, usually defined as probable and definite. This was also 
observed on some studies of BM trials, in which researchers opted 
to enroll all admitted patients with a suspected BM case. Since the 
confirmatory diagnosis is only available after cultures are analyzed, 
researchers preferred to analyze patients with regard of their likeli-
hood of having BM. In contrast, HIV-infection status was used as 
a subgroup variable in both CM and TBM trials. Still in the con-
text of TBM studies, TBM grades (e.g., British Medical Research 
Council Grade) were used to divide patients in subgroups accord-
ing to severity of symptoms. Other variables used for subgroup 
analysis can be seen in Table 13 below.

Despite the randomization process being conducted appropriately, 
imbalances on some features can be observed in randomized trials 
[55]. When these characteristics are associated with the study out-
come, they can increase their variability and result in bias. One 
method for controlling those imbalances was previously discussed 
on the randomization process, and consists on conducting strati-
fied randomization. Another option is to use a statistical regression 
model in order to adjust the main analysis for important prognos-
tic factors, which is defined as covariate adjustment [55]. This way, 
investigators are able to increase the efficacy of their analysis while 
reducing variability and bias risk.

In our sample, we found 29 studies that performed covariate 
adjustment in their analysis. Of these, most studies adjusted the 
analysis for the effect of baseline characteristics such as age, gen-
der, altered mental status, and CSF white cells count. 
Characteristics such as age and gender are controlled because of 
their potential imbalance between groups, mainly when dealing 
with relative small sample sizes. Altered mental status is an impor-
tant prognostic factor and was frequently used for TBM and CM 
trials. In contrast, CSF biochemical variables, such as white 
cells count, protein concentration, and CSF/blood glucose ratio 
were most used in BM trials. Other adjusted covariates are shown 
on Table 14.

14.6 Covariate 
Adjustment
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Table 14 
Adjusted covariates applied in studies of meningitis

Frequency

Overall 29 studies

Age 8

Gender 7

Altered mental status 6

CSF white cells count 5

Blood laboratory tests 3

CD4 cell count 3

CSF total protein concentration 2

Table 13 
Variables applied in subgroup analysis in studies of meningitis

Frequency

Overall 18 studies

Causative pathogen 7

Diagnosis (probable/definite) 3

HIV status positive (yes/no) 3

TBM grade 2

Time of death 1

CSF white cells count 1

Cryptococcal antigen positive (yes/no) 2

Glasgow coma score <15 (yes/no) 1

Prior antibiotic treatment (yes/no) 1

Indication for steroid use at baseline 1

Continent 1

Country 1

Age 1

Sex 1

Naïve to ARV (yes/no) 1

CD4 cell count 1

CSF culture results 1

(continued)
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Frequency

CSF–blood glucose ratio 2

Concomitant rifampicin use 2

HIV viral load 2

CSF opening pressure 2

Causative pathogen 2

Duration of symptoms 2

Drug dose 2

Study site 2

CSF lactate concentration 1

Creatinine clearance 1

CSF fungal burden 1

Heart rate 1

CSF gamma interferon concentration 1

HIV status 1

Drug resistance 1

TBM grade 1

Race 1

History of Pneumocystis carinii pneumonia 1

Cryptococcal antigen group 1

Maintenance treatment (yes/no) 1

Use of flucytosine 1

Baseline organism load 1

Presence of hydrocephalus 1

Previous treatment with antibiotics 1

HIV status positive (yes/no) 1

Presence of seizures (yes/no) 1

Blood culture 1

Hypotension on admission 1

Table 14
(continued)
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15 Limitations

Despite all efforts on planning and implementing a clinical trial, it 
is improbable that a study will not have limitations. Constraints to 
study implementation can raise from many sources and investiga-
tors should make a great effort to address most of them during 
trial planning. Yet some perceived flaws can be corrected during 
the trial, but always with a risk to affect study internal validity. 
For instance the use of different recruitment and adherence-
enhancing techniques may be considered without a significant 
penalty to internal validity. In contrast, some limitations are directly 
related to the disorder or intervention under study, and it may be 
difficult for researchers to eliminate all potentials shortcomings in 
their trial. In this sense, the most frequently observed limitations in 
meningitis trials are related to small sample sizes, unblinded stud-
ies, and allocation concealment.

The most frequent limitation on meningitis trials was the presence 
of relative small sample sizes, which increases the risk of type II 
error. This issue can be mainly addressed on trial planning. As 
aforementioned, researchers have to know well their target popula-
tion, and plan ahead efficient recruitment and adherence strategies 
in order to achieve and maintain an appropriate number of sub-
jects. In case investigators foresee difficulties on patient accrual, 
the choice for multicenter trials might be a reasonable alternative 
when feasible. Another option is to adapt the trial design for a 
smaller population by reducing the possible variability in study 
outcomes. This is achieved by using a more homogeneous popula-
tion, a robust outcome assessment (i.e., surrogate outcome), and 
having a strong rationale and background evidence for comparing 
the study groups. Notwithstanding, appropriate estimations of 
expected effect size and sample size calculations are critical on con-
ducting trials with sufficient statistical power.

As reported in Subheading 10, 35 out of 100 studies included in 
our sample were unblinded. Open-label studies have important 
caveats and can undermine the validity of trial results. In the con-
text of meningitis—where most trials compared the combination 
of different drugs, or different routes of administration, or differ-
ent duration of therapies—the use of matched placebos, or double- 
dummy designs are indispensable in order to reduce the 
introduction of biases. Moreover, researchers should not only put 
a great deal of effort on having similar interventions, but also on 
assessing whether the chosen blinding methodology was successful 
in their trials. It is noteworthy that none clinical trials in this chap-
ter reported the use of blinding assessment.

15.1 Small 
Sample Sizes

15.2 Unblinded 
Studies
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Another limitation highlighted in this chapter concerns to alloca-
tion concealment in meningitis trials. Most studies did not report 
the employed method for concealing the randomization schedule 
from study physicians and investigators. Moreover, due to lack of 
good reporting, it was not possible to evaluate whether the used 
methods were really efficacious. Anyway, it is important to high-
light the central role of appropriate concealment in preventing 
introduction of selection and confounding biases to study results. 
Methods such as sequentially numbered, opaque, sealed envelopes 
(SNOSE); sequentially numbered containers; pharmacy  controlled; 
and central randomization are considered the most adequate for 
clinical trials. In addition, researchers have to ensure that different 
persons are responsible for enrollment and generation of the ran-
domization list in order to minimize potential biases.
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Chapter 8

Multiple Sclerosis

Tarek Nafee, Rodrigo Watanabe, and Felipe Fregni

Abstract

Multiple sclerosis is proposed to be a neurological syndrome that may have a significant impact on patients’ 
functionality and quality of life. Due to the complexity of clinical trials in multiple sclerosis, conducting 
research studies in this field poses critical challenges to investigators. A review of the literature was con-
ducted in the online database “Web of Science” for identifying the 100 most cited trials in multiple sclerosis. 
Articles published 2010 and 2015 were included. This chapter discusses the main insights that emerged 
from this review and presents fruitful suggestions for advancing the research scope in multiple sclerosis.

Key words Multiple sclerosis, MS, Disseminated sclerosis, Review, Clinical trial

1 Introduction

Multiple Sclerosis (MS) is proposed to be an immune-mediated 
demyelinating disease that damages central nervous system neu-
rons. The most common sites of demyelination include the peri-
ventricular white matter, brain stem, spinal cord, and optic nerve 
[1–3]. Worldwide, multiple sclerosis is the most common perma-
nently disabling disease that affects young adults. A German study 
reported that the annual incidence is 0.3/100,000 in children up 
to the age of 16 [4]. In the general population, the prevalence of 
MS has been reported to be from 47.2 to 295 per 100,000 depend-
ing on ethnicity and geographic region [5, 6]. Multiple Sclerosis 
can progress to have a tremendous effect on the functionality and 
quality of life of patients who are afflicted with this disease. This 
includes temporary or permanent visual disturbance or blindness, 
deafness, sensory deficit or paresthesia, motor deficit or paralysis, 
urinary incontinence, cognitive impairment, or peripheral pain [7]. 
MS initially presents as clinically isolated syndromes affecting spe-
cific organ systems. The subsequent course of the disease differen-
tiates among the subtypes. Relapse remitting MS (RRMS) typically 
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presents with acute attacks known as relapses which remit with or 
without treatment. Progressive relapsing MS (PRMS) similarly 
presents with acute relapses; however, symptoms do not fully remit. 
Patients with PRMS retain some degree of symptoms which culmi-
nate to a more permanent disability. Regardless of the subtype, MS 
has been shown to progress to affect the patient’s ability to work 
and perform daily functional tasks [8].

The exact pathophysiology of multiple sclerosis remains 
unknown and there is still no cure for this disease. Therefore, 
most of the current clinical trials focus on diagnostic modalities, 
treatments to reduce the frequency and severity of acute exacerba-
tions as well as reductions in disease progression and improve-
ments in quality of life and functional abilities of the patients. The 
appropriate understanding of clinical trial methodology in multi-
ple sclerosis is essential to effectively study and explore potential 
treatments’ effects.

Multiple Sclerosis clinical trials present some unique challenges 
[9]. Firstly, due to the multiplicity of trials with different treatment 
protocols, trial designs, choice of comparators and outcomes, it is 
very difficult to compare results between studies. Secondly, posi-
tive results do not always translate to real impact in clinical practice 
due to studies of short duration. Thirdly, there are numerous MS 
clinical trials performed globally that enroll a limited pool of 
patients due to resource limitations. Subsequently, researchers 
recruit for patients across continents; this drastically increases the 
complexity and costs of the trials. Heterogeneity in multinational 
trials is largely due to different methodological standards (e.g., 
MRI protocols) and ethical standards in regard to compensation to 
patients. These factors can bias the patient selection in each coun-
try; making the results less generalizable and, in turn, negatively 
impact external validity.

To address some of these unique design challenges and in an 
attempt to guide the decision making processes of multiple sclero-
sis investigators, this chapter summarizes and discusses the relevant 
characteristics of the 100 most highly cited clinical trials in MS 
since 2010 including, but not limited to, trial designs, study set-
ting, trial phases, interventions, sample selection, choice of out-
comes, and statistical analyses aiming to give an overview and 
discussion of current methodology applied in MS clinical trials.

2 Methods

In this chapter, the aim is to describe and discuss methodological 
aspects of the most highly cited interventional clinical trials in 
multiple sclerosis from 2010 to 2015. To identify these trials, a 
search was performed in all Web of Science databases’ titles for 
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“Multiple Sclerosis.” The search was limited from 2010 to 2015 
and  document type refined to only include clinical trials. This 
search yielded 641 results. The results were sorted from highest to 
lowest cited.

Titles and abstracts were screened to include interventional 
trials only. To achieve 100 publications that met inclusion criteria, 
124 were screened. The selection process and the 24 exclusions are 
schematically represented in Fig. 1.

3 Initial Glance (Review Methodology)

Data was collected about the features of the top 100 cited clinical 
trials from 2010 to 2015 according to CONSORT criteria for clin-
ical trials. Table 1 summarizes the general characteristics of these 
articles. Seventy-one percent of the included articles were pub-
lished in journals that endorse CONSORT criteria, making the 
data collection more straight forward and our results more robust. 
The remaining 29% did not explicitly describe all the items on the 
CONSORT checklist and data was either deduced by the authors 
or otherwise reported as ‘not specified’.

About 25% of the articles were published in the highest impact 
journals, with impact factors of 20 and above. According to Fig. 2, 
over 50% of the cumulative numbers of citations were generated 
from the top six highest impact factor journals. Another two spikes 

24 Articles Excluded:

· Observational Trial
· Diagnostic Trial
· Systematic review
· Trial protocol only

641 Search Results

124 screened articles
 

(Most highly cited results)

100 Articles included

Fig. 1 Schematic illustration of search results and exclusions

Multiple Sclerosis
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Table 1 
General characteristic of cited articles

# (Total 
N = 100)

Year 2010 35
2011 29
2012 23
2013 8
2014 5
2015 0

Phase Pilot 1
Phase I 4
Phase I/II 2
Phase II 29
Phase II/III 2
Phase III 38
Phase IV 1
Exploratory 19
Pivotal 5

Trial design RCT 2 parallel arms 54
3 parallel arms 23
4 or more parallel arms 3
Factorial 0
Cross over 2

Non RCT 18

Sample size 0–20 13
21–50 18
51–100 13
101–500 33
501–1000 6
1001+ Above 17
Not applicable 1

Type of intervention Drug 76
Device 1
Procedure 23

Placebo controlled Yes 59
No 41

# of citations 20–30 45
31–40 27
41–50 7
51–60 2
61–70 3
71–100 4
101–200 8
201–745 4

(continued)
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Table 1
(continued)

# (Total 
N = 100)

Journal impact factor 1–5 46
5–10 30
10–20 0
more than 20 24

Consort criteria Yes 71
No 29

Positivity for primary outcome Yes 72
No 26
Not Applicable 2

are seen in mid-high impact factor range with Journal of Neurology 
Neurosurgery & Psychiatry, and Multiple Sclerosis Journal (MSJ). 
MSJ papers, in particular, represent 19% of the search result and 
contribute 16.7% of the total cumulative citations. This is due to 
the relevance of the journal to this field of MS (Table 2).

The highest number of publications tended to be in the ear-
lier years. The longer the period since publication, the more likely 
the paper has been cited, thus making it appear higher in our 
search results (Table 3).

Another interesting finding to note is that 72% of the publica-
tions reported results that were positive for their primary out-
come. Since we are looking specifically at the 100 most cited 
papers in this field of research, this figure is expected to be higher 
than the mean which already has an inherent publication bias 
toward positive result publications (Table 4).

Perhaps a more relevant relationship to discuss is shown in 
Fig. 3. Although 72% of publications have shown positive results; 
83% of the total citations are derived from them. This may indicate 
that achieving positive results increases the likelihood of being 
cited—a characteristic we deem to be a measure of relevance and 
impact in the field. This is particularly noteworthy in MS research 
since there is no cure to the disease, and its impact on patient func-
tionality is enormous. This creates a high demand for efficacious 
treatments to reduce the relapse rate and slow down the  progression 
of this disease. Immunomodulatory drugs and monoclonal anti-
bodies that have shown positive results in reducing annualized 
relapse rates have received the highest citations per article, and are 
usually published in the highest impact journals. Alternatively, sev-
eral trials exploring the efficacy of vitamin D supplementation and 
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Table 2 
Relationship of trial design to the phase of the trial

Trial design Study setting

Phases

Pilot I I/II II II/III III IV N = 95a

RCT 2 parallel arms Single center 2 1 2 15 0 0 0 52
Multi center 0 1 0 9 1 20 1

3 parallel arms Single center 0 1 0 3 0 0 0 23
Multi center 0 0 0 4 0 15 0

4 or more parallel arms Single center 0 0 0 0 0 0 0 3
Multi center 0 0 0 1 0 2 0

Factorial Single center 0 0 0 0 0 0 0 0
Multi center 0 0 0 0 0 0 0

Cross over Single center 1 0 0 1 0 0 0 2
Multi center 0 0 0 0 0 0 0

Non RCT (Quasi-experimental) Single center 2 1 0 4 1 0 0 15
Multi center 1 1 0 3 0 2 0

aFive trials not specified

Table 3 
Distribution of patient indication in MS trials

RRMS PRMS Pediatric MS MS

53 6 1 40

RRPM - Relapse Remitting Multiple Sclerosis; PRMS - Progressive Relapsing Multiple 
Sclerosis; MS - Multiple Sclerosis

Table 4 
Eligibility criteria employed in multiple sclerosis trials by study phase

I I/II II II/III III IV Pivotal Exploratory

Annualized Relapse Rate 0 0 2 0 14 1 0 0

Confirmed Disability Progression on Expanded 
Disability Status Scale

0 0 0 0 4 0 0 0

Immune biochemical markers 0 0 3 0 0 0 0 0

long term safety 0 0 0 0 0 0 0 0

MRI 1 0 14 0 4 0 0 0

muscle strength 0 0 0 0 0 0 1 1

Neuropsychological Assessment 0 0 0 0 0 0 0 2

pain NRS 0 0 0 0 1 0 0 1

Quality of Life 0 0 0 1 0 0 1 2

SAD and MRI 1 0 0 0 0 0 0 0

safety 1 0 3 0 1 0 0 0

spasticity NRS 0 0 0 0 2 0 0 0

walking speed 0 0 0 0 1 0 2 2
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rehabilitation techniques have negative or weakly positive results 
(statistically significant, but not clinically significant), and have not 
been as highly cited among the top 100. One consideration to 
make is that a highly efficacious treatment such as fingolimod, 
natalizumab, teriflunomide, alemtuzumab, or BG-12; tends to 
have multiple positive clinical trials in different phases published 
and highly cited in the top 100; possibly magnifying the represen-
tation of the positive results (Table 5) [10–29].

4 Phase and Study Setting

An important aspect of a clinical trial that shapes its planning and 
implementation is the trial phase. The goals of a trial determine 
the phase. Since the goal is most directly represented by the 
underlying hypothesis, one can expect that the phase of the trial 
and the types of hypotheses are strongly correlated. The trial 
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Fig. 3 Percentage of citation vs. positivity of results

Table 5 
Duration of follow-up in MS clinical trials by study phase

I I/II II II/III III IV Pivotal Exploratory

≤1 month 1 0 2 0 0 0 0 0

>1 and ≤8 0 0 10 1 7 0 4 16

>8 and ≤15 2 2 8 0 9 1 1 1

>15 and ≤25 1 0 7 1 14 0 0 0

>25 and <36 0 0 1 0 4 0 0 0

>36 0 0 1 0 3 0 0 0

Tarek Nafee et al.
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design and study setting are key aspects in testing the researcher’s 
hypothesis, and are naturally dictated by the phase (Fig. 4).

Among the 100 selected trials, there is an evident trend that 
shows that as phase progresses, more trials are multicentered than 
single centered. When pilot, phase I, phase I/II, and exploratory 
trials are grouped together, it is observed that there are three mul-
ticenter studies and ten single center studies. Phase II trials show 
a more balanced distribution with 23 single center studies and 17 
multicenter studies. Finally, when phase II/III, phase III, phase 
IV, and pivotal trials are grouped, we find one single center study 
and 41 multicenter studies. As you can see, as the trial phase pro-
gresses, the proportion of multicentered studies increases. This 
finding is expected because in later phases, the objective of the 
trials is to generalize the results and thus the designs demand a 
 different study setting to achieve these goals and to test the respec-
tive hypotheses (Table 6).

As the phases progress, the number of patients that is required 
for the study increases in order to achieve adequate power to 
detect a difference in efficacy and effectiveness outcomes required 
in later phases. To test effectiveness in phase III trials, the burden 
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Table 6 
Relationship between trial design and positivity for primary outcome in MS trials

Positive for 
primary outcome ≤1 month >1 and ≤8 > 8 and ≤15 >15 and ≤25 >25 and <36 >36

Yes 4 25 19 15 3 0

No 0 13 4 6 0 3

Multiple Sclerosis
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of proof falls on the generalizability of the results, which naturally 
require multicenter trials to demonstrate this across different pop-
ulations. This differs from early phase safety and proof-of-concept 
trials. In these trials, a small number of patients in a single center 
is more ethically sound and allows for an easy and focused moni-
toring of adverse events. This is especially significant in MS drug 
trials, as many of the treatments involve immunosuppressive and 
immunomodulatory drugs that carry a wide array of mild to severe 
adverse effects. In addition, smaller trials are often both a suffi-
cient and cost-effective way to test a preliminary safety hypothesis. 
The MS researcher must be clear about their trial’s objectives, the 
resources, and the sample size and study setting required to 
achieve success in their trial.

That being said, we did find three exceptions to this trend that 
are interesting to note. Soilu-Hannien et  al., Ghezzi et  al., and 
Zamboni et al. conducted multicenter early phase trials [18, 30, 
31]. Zamboni et al. designed a six-center pilot study testing a sur-
gical procedure for the management of chronic venous insuffi-
ciency as a possible underlying cause of MS. Soilu-Hannien et al. 
designed a nine-center phase I drug trial testing vitamin D3 sup-
plementation to standard therapy. Ghezzi et  al. designed a two-
center phase I trial evaluating the safety and efficacy of Natalizumab 
in pediatric onset MS. We should note that although they were 
multicenter trials, they only involved six, nine, and two centers 
respectively in 1–2 countries, as opposed to the later phase trials 
that often involved 100+ centers in over 10–20 countries. Reasons 
for using a multicenter design in these early phase trials in special 
circumstances may be necessary. In the pediatric MS trial, there is 
a particularly low prevalence of this presentation of the disease, 
hence requiring multiple centers to facilitate recruitment. In the 
surgical trial, again, due to the difficulty in recruiting patients that 
would consent to an experimental surgical treatment for a disease 
that typically has a lower risk medical management as a standard 
therapy. The MS researcher must evaluate their resources and the 
feasibility of accessing the target population. While generalizability 
is not the primary objective in early phase trials, a multicenter 
approach may prove useful in easing the burden of recruitment at 
any one site. One must carefully balance the increased cost of such 
an endeavor with the utility in recruitment efforts.

The relationship between trial design and phase is also quite inter-
esting. Among nonrandomized clinical trials; pilot, exploratory, 
phase I and phase I/II collectively correspond to 33.33% (5 of 15), 
and phase II correspond to 46.67% (7 of 15). Finally, only three 
investigators designed a nonrandomized clinical trial in the group-
ing of pivotal, phase II/III, phase III, and phase IV studies. The 

4.1 Relationship 
Between Phase 
and Trial Design
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latter observation is nontraditional and warrants further discussion 
of these three trials.

Gold et al. designed an open label phase 3b/4 trial to assess the 
cardiac safety of fingolimod treatment in a real-world RRMS popu-
lation in 285 sites worldwide [19, 32]. Since this was an after-market 
safety trial, a single arm nonrandomized open label design may be 
deemed acceptable to evaluate the effect of the drug on hemostatic 
stability. Endpoints of this trial included vital sign assessment and 
various cardiac biomarkers and adverse event reporting. Additionally, 
patients enrolled to this trial were those who completed a previous 
pivotal trial with fingolimod and likely demonstrated efficacy with 
the drug and thus continued to the subsequent longitudinal open 
label trial. This is a unique case where the preceding trial demon-
strated outstanding efficacy and generally acceptable safety. Further 
exploration of safety concerns in this trial design may be acceptable 
under specific circumstances.

Khan et al. also designed an open label, single arm, phase II/
III, nonrandomized clinical trial to assess the long term effect of 
detrusor injections of botulinum neurotoxin A on quality of life in 
patients with MS-induced urinary incontinence [32]. In this case, 
the rationale for the open label design lay in the invasive nature of 
the intervention. Repeated detrusor injections were administered 
by cystoscopy in an outpatient or day care setting. While the pro-
cedure is considered minimally invasive and generally safe, it does 
predispose patients to urinary tract infections and it was deemed 
more ethical to only subject patients to the procedure if they were 
receiving an active treatment regimen. This represents another sce-
nario where a nonrandomized trial design may be considered in a 
later phase trial.

Putzki et al. evaluated the efficacy of natalizumab as a second 
line therapy for RRMS in an open-label, late phase trial [33]. Prior 
to this trial, no other investigators evaluated the monotherapy of 
natalizumab in a treatment resistant population. This trial was con-
ducted in five sites in Germany and Switzerland. It relied on registry 
data and relied on retrospective enrolment of patients who were on 
natalizumab for at least 12 months after treatment failure with tra-
ditional therapy such as Interferon beta and prospectively followed 
the patients for an additional year from the time of enrollment. The 
trial design was atypical and in this particular scenario, nonrandom-
ized data was robust enough for a “real life” clinical scenario in a 
drug that was already approved for a first-line indication.

It is thus important to critically assess the hypothesis and the 
purposes of the trial and weigh the level of robustness of the data 
required to test the predetermined hypothesis. In Western and 
Northern European countries, the use of clinical trial registries has 
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become common practice and is a cost effective way to collect robust 
data on therapies in randomized and nonrandomized designs.

When we look at RCTs only 10% of studies are composed of 
early phase Pilot, Exploratory, Phase I, and Phase I/II (8 of 80), 
but 41.5% (33 of 80) and 48.75% (39 of 80) fall under Phase II 
and a grouping of Pivotal, Phase II/III, III, and IV, respectively.

This pattern of RCT having proportionally more late-phase 
trials than non-RCT can be explained by recognizing that later 
phases require more controlled settings and a randomized alloca-
tion to test and confirm their hypotheses. On the other hand, 
non-RCTs provide relatively less robust data and are not typically 
powered to answer pivotal effectiveness research questions. Thus, 
NRCT’s primary objectives are more in line with those of pilot, 
exploratory, and early phase safety and preliminary efficacy ques-
tions. When developing a novel hypothesis with little or no prec-
edent in the literature and, more importantly, limited resources a 
researcher may be well guided to consider a non-RCT design at 
the expense of highly robust data. In later phase trials, it is highly 
advised to consider RCTs as the method of choice to produce 
high quality data that is reliable in such a pivotal stage in drug or 
medical device development.

While these observations are consistent with expert clinical 
trialists’ opinions, there are limitations to consider in this analysis 
since only 17 NRCT studies were included in this analysis as 
compared with 83 RCT studies. This, naturally, makes the 
description of the phase distributions in NRCTs less robust than 
those of RCTs.

5 Trial Design

In the analyzed trials, 82% were randomized clinical trials (RCT), 
and 18% were nonrandomized clinical trials (NRCT). Additionally, 
86% of trials were phase II, III, and pivotal trials, while 14% include 
all other phases.

Within RCTs, one important aspect for the investigator to 
decide is the number of study arms and the choice of control. In 
MS drug trials, two parallel arm RCTs tend to most often use pla-
cebo as a comparator. In the case of rehabilitation therapies, two-
arm RCTs are more often observed. They often test some form of 
exercise or technique such as yoga, sports climbing, or Kinesio 
Taping of an affected area compared to no treatment at all. 
Although a reliable sham control for rehabilitation procedures is 
challenging, the investigator needs to make all attempts to find a 
suitable sham group as to control for placebo effects.

Tarek Nafee et al.
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As investigators add a third arm, we begin to see a large pro-
portion of drug trials having two different doses of the experimen-
tal drug being compared to a placebo. About 22% of three-arm 
RCTs also included an active control arm. Finally, the only four-
arm RCT in our results compared two doses of the active drug to 
both placebo, and an active control. When designing a clinical trial, 
the MS researcher must consider the choice of comparators when 
deciding the number of treatment arms to include. Again, increase 
in costs and feasibility by adding another arm needs to be carefully 
considered before adding more arms to test further drug dosages. 
Or alternatively smaller trials with surrogate outcomes can be con-
sidered in there is a real need to test different dosages. The larger 
the number of arms in a trial, the larger the required sample size to 
test the hypothesis and researchers must take this into consider-
ation when planning their trials.

An active comparator should be employed with ethical consid-
erations for the consequences of not receiving treatment, if the 
treatment is meant to treat an acute MS attack. Alternatively, a 
placebo comparator may be acceptable if there is no efficacious 
standard therapy for the indication of the experimental drug.

Three articles noted that they changed the design of their trial after 
study initiation. While this is a small proportion of the sample, it is 
important to note since this represents an important concept in 
clinical trial design. Two trials changed their design due to ethical 
reasons, while one was purely for logistical reasons.

Firstly, Kappos et al. had the highest cited article in our search 
and had a change to their phase III trial design [22]. The trial 
began as a three-parallel arm RCT comparing two different doses 
of fingolimod to placebo. Interim data analysis reviewed by the 
DSMB recommended eliminating the higher dose 1.25 mg arm of 
the trial due to negligible improvement in outcome, with a signifi-
cant increase in adverse effects. This information was sent to the 
FDA for guidance, and they recommended eliminating the removal 
of this arm for ethical reasons.

Secondly, Calabresi et al. conducted a phase III trial testing 
the effectiveness of two different dosing frequencies of PEGylated 
Interferon beta against placebo in RRMS patients [34]. In this 
case, at interim analysis, the drug was deemed to be extremely 
efficacious in reducing the annualized relapse rate and therefore 
it would be unethical to randomize patients into a placebo arm. 
The placebo arm was eliminated and the trial continued as a two 
parallel arm trial.

Finally, in a 2012 phase III trial by Coles et al., two different 
doses of alemtuzumab were being compared to active control 
[13]. The higher dose arm of alemtuzumab was eliminated after 

5.1 Changes to Trial 
Design
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study initiation due to recruitment challenges. The higher the 
number of arms in a trial, the higher the required sample size to 
detect a difference between the arms. Therefore, for logistical 
reasons, the elimination of this arm of the trial eased the resources 
burden of the trial.

These three trials represent classical examples of reasons why a 
researcher might assess carefully the study design a priori and also 
when new information is available the need to eliminate an arm of 
the trial due to ethical or logistical reasons. However, it is important 
to underscore that this needs to be done in a systematic way and a 
priori determined. These examples thus highlight the need of a 
good plan for a data safety monitoring board as to analyze interim 
analysis especially for safety as to assist these recommendations.

In MS clinical trials, the consequences of administering a treat-
ment that is not efficacious or administering placebo in light of a 
highly efficacious experimental or standard therapy have quite a 
high impact on disease progression, relapse rate and quality of life 
of the patients. Therefore, ethical considerations must be made at 
interim analysis, especially in trials of large sample sizes. Additionally, 
as with clinical trials in all areas, when resources are limited and 
recruitment becomes a logistical barrier to completion of the study, 
a researcher must have the foresight to weigh and balance the ben-
efits of completing the trial with design modifications against con-
tinuing with the current design and risking futility of the trial.

6 Population

Since the natural history of MS often begins with a nonspecific clini-
cal presentation of clinically isolated syndromes, there is rarely a spe-
cific date of diagnosis pinpointing the clinically definitive onset of 
the disease. This makes it difficult to define diagnostic criteria and to 
choose selection criteria that are specific enough for the desired pop-
ulation and general enough not to impede recruitment.

In the top 100 cited MS trials, over 50% required a specific 
diagnosis of RRMS, while only 6% and 1% required a diagnosis of 
progressive remitting MS, and pediatric onset MS respectively. 
The remaining 40% simply required a diagnosis of MS, with no 
specifically defined presentation. This latter finding makes it easier 
to recruit patients into those trials; however, may not be feasible if 
the intervention is aimed to reduce relapse rate (e.g., in RRMS 
patients), or employs a primary outcome that is otherwise specific 
to a targeted subset of the MS population. It is imperative to 
ensure that the intervention is being tested in the appropriate and 
specifically defined population to which the treatment may be 
indicated. Eligibility criteria that are too general may not be appli-
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cable to a specific subset of MS patients. Conversely, eligibility 
criteria that are too specific may not show clinically significant 
results in this population and in reality may have utility in a differ-
ent subset of the MS population.

The most common selection criteria include a specific Expanded 
Disability Scale Score (EDSS), McDonald’s criteria as a diagnostic 
tool, a confirmed number of relapses in a given time period before 
the trial, and MRI for diagnosis. While some of these inclusions are 
part of McDonald’s diagnostic criteria, they were explicitly men-
tioned in addition to a diagnosis by McDonald’s criteria in many 
protocols. Other inclusion criteria of note were measures of motor 
functionality which were of particular interest in motor rehabilita-
tion trials for MS symptoms. Additionally, previous symptomatic 
standard treatment futility or dissatisfaction is commonly an inclu-
sion criterion for trials exploring the treatment of clinically isolated 
syndromes of MS such as optic neuritis, OAB and spasticity.

We observed that several trials testing drugs as adjuvant to 
standard disease modifying drug (DMD) therapy. Naturally, these 
trials had an inclusion criterion that specified the previous use of 
DMD, and requirement to be on a stable regimen prior to admin-
istration of study drugs. Some researchers relied on medical records 
to satisfy this criterion, while others administered the standard 
therapy for the protocol required period of time prior to receiving 
the experimental drug. The lengths to which researchers went to 
ensure participants received the therapy that met the inclusion cri-
teria of the study were not disclosed. MS researchers must consider 
the reliability of the medical records in their population and the 
time or resources available at their expenditure. Standardizing the 
protocol specified criteria by providing standard therapy prior to 
initiating experimental treatment provides a more controlled set-
ting and more reliable efficacy results that are in line with a phase 
II objective. Alternatively, relying on patient accounts or medical 
records may be more effective in a setting of limited resources or in 
a large phase III trial when such practice would be unfeasible. 
Additionally, relying on patient accounts or medical records may 
more closely mimic a real life clinical scenario and provide the gen-
eralizability required for a phase III trial. It is important to under-
score that this decision (how detailed the diagnostic criteria will 
be) is also based on study phase. In an earlier phase, the investiga-
tor needs to consider decreasing sources of variability such as 
wrong diagnosis; however in later phases, the goal is to increase 
generalizability to a more real life scenario.

Key exclusion criteria include the use of specific disease modi-
fying drugs that were deemed to affect the primary outcome or 
to have similar mechanisms of action as the experimental drug. 
Another commonly used exclusion criteria included specification 
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of a time period in which no relapses were acceptable prior to the 
trial for the patient to be deemed in stable condition. Determining 
the eligibility criteria in a trial requires insight and a deep under-
standing of the patient population. Referencing previous trials 
with similar drug families and study designs is a good starting 
point for establishing precedent and is beneficial for the compa-
rability of results.

It is interesting to note that there did not seem to be a change 
in the population across different trial phases, including phase I 
trials. This is contrary to typical phase I studies that include healthy 
subjects. This practice is commonly seen in oncology trials in order 
to facilitate the drug development process and utility of potentially 
effective experimental treatments in a critically ill population. In 
the setting of MS trials, this finding may be an indication of poten-
tial safety issues to be aware of when investigating MS drugs in 
healthy subjects.

7 Trial Duration

Deciding the length of a trial requires many considerations. The 
amount of time where an effect is expected to occur depends on 
the type of intervention and the purpose of the trial. In our data, 
trials of all phases mostly lasted 15  months or less except for 
phase III, which tended to skew toward the higher end (i.e., 
>15 weeks). This is expected as late phase trials typically aim to 
evaluate the long term effectiveness of a treatment. In MS trials, 
the long term efficacy is significant in evaluating the prevention 
of an acute relapse. Trials of shorter duration are appropriate for 
evaluation of safety and efficacy in remitting an acute attack or 
reduction of active symptomology. The MS researcher must be 
able to estimate the expected treatment duration of the chosen 
intervention. The investigator must also clearly indicate the pri-
mary objective of the trial and set a follow-up duration consistent 
with the trial goals. Any extension in the duration of the trial may 
further increase cost and resource expenditure and yield marginal 
improvements in meaningful data. This is particularly important 
in trials with a time-dependent primary outcome in survival anal-
ysis trials evaluating time to confirmed relapse.

Interestingly, trials that were positive for their primary out-
comes tended to have longer durations on average than negative 
trials. This is consistent with the previously mentioned concept 
considering time to relapse being an important clinical outcome in 
MS patients. For this reason, the median trial duration of the top 
20 most cited is significantly higher than the rest of the sample; 

Tarek Nafee et al.



279

these trials utilized time to event analysis and are thus deemed 
more meaningful in a relapse remitting chronic disease such as 
multiple sclerosis. Trials with longer trial duration have a higher 
chance of demonstrating an effect, and are regarded as more clini-
cally relevant results.

One should also consider that study phase may be a confounder 
in this analysis. Since the top 20 trials are predominantly phase III 
trials which tend to be of longer durations, it is worthy to consider 
the possibility of a higher association of positive results in this sub-
group of trials. Therefore, since the type of primary outcome a 
researcher employs is strongly associated with the phase, what we 
may be seeing here is an underlying relationship between a late 
phase time-dependent outcome and the trial duration which will be 
discussed in Sect. 9 of this chapter. This relationship is schematically 
displayed in the figure below (Fig. 5).

Since MS is a chronic disease, the long-term follow-up of 
remissions and MRI lesion changes is of particular importance to 
clinicians and researchers. In our sample of trials, we found about 
15% offered patients an optional extension to the trial, often for 24 
or 48 additional months as a long-term assessment of efficacy. 
In three and four-arm RCT, if a placebo arm exists, it is usually 
eliminated and patients from that arm are randomized into the dif-
ferent active treatment arms. This option is naturally particularly 
attractive to patients who had efficacious results and is often con-
sidered exploratory, though some authors have employed specific 
clinical outcomes for the extension period as well.

More Publication Bias

Later Phase

Positive ResultsLonger Trial Duration

Choice of a time-dependent
outcome 

Legend:

Explored Relationship
Potential sequence of confounders

Fig. 5 Relationship between longer trial duration and positivity for primary outcome
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Three trials of note had durations of 8.5, 15, and 16 years [14, 
35, 36]. They were extensions of previous trials that continued to 
a long-term extension and follow-up of the patients within a modi-
fied study design. Authors often reported interim analysis results at 
multiple time points. In a few cases, more than one follow-up pub-
lication from the same trial was included in our search. This may be 
an attractive option for researchers who have already demonstrated 
safety and efficacy in their intervention and wish to demonstrate 
long term effects in their population. The costs associated with 
such an extension may be minimized by widely spaced follow-up 
intervals or even telephone follow-up. Here therefore the investi-
gator needs to assess costs of adding these extensions vs. benefits of 
what these data (from extensions) would produce. Given that MS 
is a chronic disease associated with long-term outcomes (remission 
and relapse), this may be a condition where extensions need to be 
carefully considered.

8 Interventions

In this section, we discuss the distribution of interventions 
employed by MS researchers in the reviewed trials. While this is 
primarily a descriptive analysis, a new MS researcher may use 
this information to learn about the type of intervention that is 
highly regarded in this field and specific examples of successful 
therapies within every type of intervention. The investigator 
may also use this information to find examples of clinical trial 
designs of drug and nondrug trials that are highly cited.

Drug
76%

Device
1%  

Procedure
23%  

Type of Intervent�on

Drug

Device

Procedure

Fig. 6 Type of intervention explored in multiple sclerosis trials
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As shown in Fig. 6, the overwhelming majority of the top 100 
cited MS clinical trials are drug trials (76%), while procedure trials 
comprise 23%, and 1% are device trials. These figures represent the 
distribution of modalities of interest in the treatment of Multiple 
Sclerosis. Since drugs are often classified as disease modifying 
treatments, they work via various mechanisms to reduce the onset 
and relapse rate of the disease. Procedures and devices, on the 
other hand, often aim to reduce the severity of the symptoms 
associated with an acute exacerbation. For this reason, it is under-
standable why more resources are allocated to investigating dis-
ease modifying treatments.

Furthermore, among the 76 drug articles, 40 are within the 
top 50 most cited. This disproportionate amount of drug trials, 
within the top 50 further emphasizes the notion that MS drug 
trials are deemed more advantageous than other therapies. Among 
these, eight trials are testing various forms and dosing regimens of 
the approved drug Interferon Beta. As far as novel drug research; 
Fingolimod, BG-12, Teriflunomide, and humanized monoclonal 
drugs such as Natalizumab and Alemtuzumab were among the 
top and most commonly cited. Other drug trials of note were four 
trials testing the safety and efficacy of different doses of vitamin D 
supplementation in delaying the onset and reducing the severity 
of MS symptoms [30, 37–41]. Several trials used cannabinoid 
drugs such as Sativex to test its effect on reducing symptoms of 
clinically isolated syndromes of MS, namely neuropathic pain, 
spasticity, and overactive bladder syndrome [42–48]. One impor-
tant consideration here is that given the high costs of MS trials (as 
discussed above: large sample sizes and long-term outcomes), 
research is concentrated with pharmaceutical companies that have 
larger budgets for drug-related clinical trials. This is an area of 
development: nonpharmacological trials that are disease modify-
ing treatments.

Looking at trials studying the effects of procedures, many uti-
lize exercise techniques and resistance training to test for improve-
ment in motor function. Sports climbing, yoga and resistance 
exercise were studied for the improvement of gait deficits [49–55]. 
Several trials had interesting uses of technology to note. Researchers 
tested Nintendo Wii for improvement in balance and motor func-
tion. Patients also underwent intensive computer-assisted cogni-
tive training or physical training [56–59].

Finally, device trials comprised the lowest proportion of inter-
ventions in our results with only one trial in the top 100 cited. 
While some interventions that fell under the “procedure” cate-
gory (such as Nintendo Wii training, or Kinesio Taping of the 
lower extremities for improved balance) may be considered a 
device intervention by some; we only deemed trials as device trials 
if the interventional device was developed for the purpose of and 

Multiple Sclerosis



282

is directly, actively involved in treating the condition and would 
require health authority approval before clinical use for the indica-
tion. In the single cited device trial included, transcranial direct 
current stimulation was studied in the management of chronic 
and central neuropathic pain associated with MS, as well as 
improvement in quality-of-life scales [60].

9 Outcomes

The choice of an appropriate primary outcome in a clinical trial is 
of utmost importance. A primary outcome should be clinically rel-
evant, validated, and responsive enough to the intervention to 
detect a statistically significant difference. The primary outcome 
dictates the sample size calculation, and the entire trial is powered 
to detect a particular change or effect size in this outcome. 
Secondary outcomes are often exploratory, though some trials are 
powered to appropriately assess secondary outcomes as well.

In MS trials, 83% of researchers chose clinical and functional 
outcomes, while 12% used surrogate outcomes. Four percent 
used a composite clinical and surrogate endpoint (co-primary 
outcomes). The most commonly used surrogate outcome was an 
immune biochemical marker. The only three trials in the top 100 
cited that used surrogate markers were all early phase II trials. 
Mehling et  al. were evaluating the adaptive immune response 
against an influenza vaccine in immunosuppressed MS patients 
[25]. Jurynczyk et al. tested a transdermal immune modulator’s 
effect on immune responses in the skin, lymph nodes, and periph-
eral blood [61]. Finally, Kimball et al. measured the effect of cho-
lecalciferol and calcium on peripheral blood mononuclear 
response associated with MS [38]. These are classic examples of 
biomarkers. Though not commonly employed in MS research, 
they may of particular interest to researchers in this field. The 
challenges with use of surrogate biomarkers in MS studies is the 
lack of validation, and typically employ small sample sizes in early 
phases to establish a proof of concept.

The most commonly used clinical outcomes were annualized 
relapse rate (ARR), and specifically defined MRI changes. 
Combined, they were used as a primary outcome by 38% of the 
researchers. MRI changes included number of new lesions, 
changes in size of lesions, cumulative number and size of lesions, 
and involvement of new regions. ARR was most commonly cal-
culated based on neurologist confirmed relapse symptoms accom-
panied by a change in Expanded Disability Status Score (EDSS). 
Trials using these outcomes were typically late phase drug trials. 
They were also associated with articles with significantly higher 
mean citations per paper. This gives the MS researcher an indica-

Tarek Nafee et al.



283

tion of the clinical relevance of these outcomes in MS research. 
Their use in late phase trials along with their high citations is 
indicative of the relevance of these outcomes to direct patient 
improvement. They should be employed as outcomes in the eval-
uation of efficacy and effectiveness after safety has been estab-
lished in early phase trials. This is particularly relevant in trials 
evaluating the effect of disease modifying drugs.

Procedure and device trials employed a different distribution 
of outcomes given they usually have different goals (i.e., to 
improve neurological outcomes). Most commonly used were 
walking assessments, neuropsychological assessments, muscle 
strength, spasticity, quality of life, and pain scales. Just by brows-
ing the outcomes, one can begin to get an idea of the objectives 
of these types of trials. It is noteworthy that these trials also gen-
erated high mean citations per paper. Just as important as modi-
fying the course of the disease is modifying the quality-of-life 
outcome of patients. Procedure and device trials tend to focus 
on improvement of the symptomology and quality of life, the 
choice of outcome should be validated in order to achieve com-
parability with previous trials.

Most researchers employed numerous additional secondary 
outcomes in their trials. Some outcomes were well validated such 
as ARR, MRI outcomes and Confirmed Disability Progression by 
EDSS scale. Others were exploratory in nature such as time to 
relapse, proportion of relapse-free patients, proportion of relapses 
in patients, and various functional outcomes. The most frequently 
used secondary outcomes were time-to-event outcomes.

The importance of time-dependent outcomes in a clinical 
setting cannot be undermined in a disease with a relapse and 
remitting course like MS. While the progression of the disease 
needs to be closely monitored, the acute relapses and the inter-
val to relapse result in an enormous burden on the patient’s abil-
ity to lead a normal life, particularly in the early stages of the 
disease. This relationship is most directly evaluated by ARR and 
time-to-event outcomes.

10 Sample Size

Calculating the sample size of a trial can be a tiresome task. Earlier 
phase and exploratory trials tend to have a small sample size, while 
later phase pivotal trials have larger sample sizes. Many factors 
determine the required sample size of a trial such as outcome, the 
intervention, previous similar trials, power, significance level, and 
expected attrition. Highly powered studies with larger sample sizes 
require more resources and present more logistical challenges. On 
the other hand, the results can be more accurate and be more 
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highly cited. To help guide MS researchers decide on the sample 
size calculation method, Table 7 summarizes the findings in cur-
rent MS research.

More importantly, is the method of calculating sample size. 
After determining the research question and the statistical tests to 
be utilized, there are several parameters that a researcher must con-
sider including power, significance level, the expected attrition rate 
and the available literature upon which to estimate effect size. All of 
these factors play an important role in determining the sample size 
of a trial.

In our analysis, 53% of trials failed to report the method used 
to determine the sample size. These trials were distributed among 
all phases. Two characteristics are important to underscore and 
may help the investigator when designing a MS trial: (1) the attri-
tion rate between 10% and 20%; which may be conservative given 
the longer follow-ups; though median dropout rate is about 11% 
according to our analysis (see discussion on adherence below); and 
(2) the effect sizes were mostly calculated based on previous stud-
ies and in fact none of them reported using the minimal clinically 
important difference (MCID), showing that that most of these 
trials based on actual data to calculate sample size which may have 
improved their predictions. A summary of the parameters used in 
the remaining 47 trials are detailed in Table 8.

11 Analysis and Stoppage Criteria

Discontinuation and stoppage criteria are sometimes necessary to 
be well defined prior to the study. Only 30% of MS trials reported 
this in detail. More than half of those specifically mentioned Data 

Table 7 
Sample size distribution in MS trials by Study Phase

I I/II II II/III III IV Pivotal Exploratory

0–20 2 0 4 0 0 0 0 7

21–50 0 2 7 0 0 0 1 7

51–100 2 0 4 0 1 0 3 3

101–500 0 0 12 2 17 1 1 1

501–1000 0 0 1 0 4 0 0 0

1001+ Above 0 0 0 0 17 0 0 0

Not applicable 0 0 1 0 0 0 0 0
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Safety Monitoring Committee oversight to guide safety stoppage 
criteria. Two trials described specific clinical discontinuation crite-
ria such as an attack influencing the pyramidal system or an epi-
sode of acute relapse [62]. Four trials described specific guidelines 
to titrate up or titrate down the dose in case of low tolerability, 
and make note of the possibility of discontinuation if the recom-
mended titration schedule fails to alleviate the adverse events [43, 
45, 63]. Three trials provide the option of switching treatment 
arms, or reverting to standard therapy and remaining in the trial if 
the patient has had at least one relapse and does not find the treat-
ment is efficacious at a predetermined time point.

The choice of emphasizing discontinuation criteria in an article 
must be made with knowledge of specific known or expected side 
effects of concern regarding the intervention. Titration schedules 
are particularly interesting to other researchers and allow for easy 
reproducibility of the work as well as shed light on the use of the 
intervention in a clinical setting. In phase II trials where prelimi-
nary efficacy is being tested, the eligibility criteria are often kept 
tight and homogeneity of a specific target population is desired. In 
this case, discontinuation criteria based on clinical condition to tar-
get specific severity subgroups of MS may be appropriate. In any 
case, safety monitoring should take place with any experimental 
treatment in a clinical trial, the details of which are rarely specified 
in the top cited MS trials.

12 Randomization

The random method by which patients get allocated to different 
treatment arms is called randomization. Randomization, if prop-

Table 8 
Parameters used in samples size calculations in MS clinical trials

Alpha 0.025 (one sided) 1
0.025 (two sided) 2
0.05 (two sided) 39

Power 80% 17
81–90% 23
91–95% 6

Expected Effect Pilot 8
Previous trials 34
not reported 5

Expected Attrition 10% 9
12–15% 5
20–25% 10
50% 1
not reported 22
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erly performed, eliminates selection and allocation bias and its 
methods help maintain the blind. More importantly, randomization 
is an extremely effective way for controlling for confounders by 
evenly distributing them across all groups. A poorly planned ran-
domization strategy can result in type I and type II error and dras-
tically affect the validity of the results.

Randomization strategies have three main aspects—type of 
randomization, sequence generation, and allocation concealment. 
Table 9 summarizes our findings in MS trials in these three catego-
ries. We see the use of technology simplifying the process of ran-
domization with the use of computer generated sequence 
generation and allocation by IVRS or webpage. Use of envelope, 
coin flip, and hat draw methods are rarely in use, though they are 
cost effective and were used in pilot and early phase studies which 
typically have lower budgets.

The type of randomization depends on the complexity of the 
study and the variable being studied, as well as the sample size. 
Almost all multicentered trials stratified by study center. Other fac-
tors stratified for were baseline scores on various scales (EDSS, 
Severity scales), age, disease duration, and dosing frequency of 
IFN-B for experimental adjuvant therapies. It is pertinent for the 
MS researcher to identify the variables that may interfere with the 
primary outcome in the trial and align the randomization strategy 
to stratify for these variables. This will help create a balance between 
treatment groups which will in turn result in a more robust data set 
which can employ a wider range of simple or complex statistical 
tests. It is also important to consider the sample size of the trial 
when weighing the need of stratification. In small sample size stud-
ies, the use of stratification may lead to significant imbalances.

Table 9 
Randomization strategies employed un MS trials

Type of randomization Simple 37
Block 32
Minimization 1
Stratified 41

Allocation concealment Webpage 1
IVRS 16
Envelope 3

Randomization sequence generation Computer generated 44
Coin flip 1
Hat draw 1
Not reported 46
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Performing the randomization in balanced blocks in multiples 
of the number of arms in the trial has several advantages. It ensures 
that the arms are well balanced within the blocks and throughout 
the trial. This way, if interim data analysis is required or if recruit-
ment is hindered, the data set of those enrolled is balanced among 
all arms and the data will thus have internal comparability between 
arms and has more easily interpretable value. With the use of com-
puter generated randomization sequences, blocking is more easily 
utilized now and helps add a layer of concealment of the treat-
ment allocation.

Simple randomization is often sufficient in trials with large 
sample sizes due to the law of large numbers. Despite this, there 
were a few trials with low sample sizes that used simple random-
ization with small sample sizes <50 and there were imbalances in 
numbers and baseline characteristics between the groups [58, 
63–66]. This practice is not recommended and a well guided 
researcher should account for appropriate randomization strate-
gies according to the sample size. This will mitigate most imbal-
ances among treatment groups and allow for more straight 
forward statistical analysis of the results.

13 Blinding

Data collection in clinical research may be highly influenced by the 
perception of the assessor of the outcome and by the perception of 
the patient on the response. This is called ascertainment bias and 
often leads to exaggerated effects of the treatment. Blinding is an 
effective way to reduce ascertainment bias. In addition, perfor-
mance bias may occur if patients know they are taking an active 
drug as they may change their behavior. Keeping the treatment 
assignments concealed from assessors and patients reduces type I 
error and increases the accuracy of the results. Clinical trials can be 
single blinded, double blinded, or open label. In MS trials, 70% of 
trials explicitly described their blinding using these terms.

Most MS drug trials were double blinded, with only five sin-
gle-blinded drug trials [55, 64, 65, 67, 68] and three open label 
studies [63, 69, 70]. One important point is that these trials use 
some objective outcomes such as lesions in the MRI that can be 
assessed in a more objective manner; regardless if subjects know 
they are receiving active drug they may change their lifestyle and 
therefore may induce bias.

Device and procedure trials on the other hand, were often sin-
gle blinded (assessor blinded or patient blinded) given challenges to 
have a similar sham group. Furthermore, device and procedure tri-
als generally did not define the blinding as clearly as drug trials.
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The ability to manufacture matched placebo drugs at a low 
cost allows for straightforward blinding in drug trials, particularly 
since MS experimental drugs are administered by conventional 
oral, intravenous, and intramuscular routes of administration. In 
earlier phases, when safety is yet to be established, open-label 
designs were more prevalent.

There are some interventions in MS trials that incorporate 
technology to maintain the blind. A trial by Mori et al. used tran-
scranial direct current stimulation in the treatment of chronic neu-
ropathic pain in MS patients [60]. This device can administer a 
sham protocol that mimics the active treatment sensation thus 
blinding the patient from their treatment. This is an example of 
innovative use of technology that was developed to blind device 
trials. Most nonpharmacologic MS trials tested exercise proce-
dures, and as thus, they used a single blind design where the asses-
sor or rater of the progress of the primary outcomes was blinded.

The logistical difficulty in blinding your trial depends on the 
characteristics of the intervention and the choice of outcome. 
Outcomes that are more subjective in nature such as rating scales 
and clinical judgment can be influenced greatly by unblinded 
assessors and blinding is advisable if possible. This is not to say 
that more objective outcomes such as serology lab results or MRI 
outcomes are free of bias. Studies have shown that interpretation 
of MRI and lab results can be unconsciously influenced by knowl-
edge of treatment allocation or patients may change behavior if 
they know they are receiving active treatment that may change 
results of lab exams.

14 Adherence

Maintaining a low attrition rate is very important in a clinical 
trial. Failing to do so can have serious implications on the validity 
of the results. Even the most impeccable trial design can fail to 
execute due to a high number of drop outs. Main reasons for low 
adherence rates include complexity of the trial or number of 
study visits, adverse events, or lack of efficacy. One study corre-
lated low adherence to disease-modifying treatment with high 
rates of disease relapse and progression. In long-term follow-up 
studies (a popular design in MS studies) this is of particular 
importance because  disease severity and relapse are highly corre-
lated with patients lost to follow-up.

The anticipated adherence or attrition rate should be based on 
estimates from previous trials in the same population, if possible, 
and conservative estimates should be made. This helps the research-
ers estimate the number of patients to enroll in order to achieve the 

Tarek Nafee et al.



289

desired power for the trial. This also translates to accurate budget 
estimates and feasibility assessments.

In MS trials, 81% of researchers reported their adherence 
rates. The data demonstrated adherence from 21% to 100%, with 
89% median adherence. While we expected to see a correlation 
between longer trial duration and higher attrition rate, the data 
failed to show any correlation. The same observation was found 
with number of study visits. We did find, however, that in trials 
longer than 2  years, the adherence rate significantly drops. 
Furthermore, adherence rates were similar in trials with positive 
and negative results.

In this regard, our results showed that overall adherence 
rates in MS trials are quite high. The only aspect of study design 
that significantly impacted adherence rates in MS trials was a trial 
duration longer than 2 years. These correlated with long follow-
up trials that were often offered as extensions of the primary 
study. Most other MS trials were <2 years of duration and as thus 
had satisfactory adherence rates. The MS researcher should make 
note of this exceptional adherence yet tread with caution. 
Keeping a close eye on this, researchers are advised to maintain 
regular contact with study participants and engage in efforts to 
improve this at all costs. Reaching enrollment targets ahead of 
schedule and having a complete data set can save a considerable 
amount of resources and avoid decreased validity with complex 
missing data computations.

15 Recruitment Yield

Recruitment is often considered the bottleneck of a clinical trial 
timeline. It is frequently the most time-consuming activity and this 
time comes at a high cost. Monitoring the effectiveness of recruit-
ment efforts is necessary as a feedback indication to researchers if 
they are accurately targeting their desired population. Recruitment 
yield is defined as the number of patients randomized divided by 
the number of patients screened. This is another variable contrib-
uting to accurate budget estimates. Theoretically, the earlier phase 
trials have more extensive eligibility criteria and therefore carry a 
lower enrollment rate. This is not true for MS trials.

Since eligibility criteria did not seem to change across differ-
ent phases, this is not a factor in enrollment rates across different 
phases. In fact, earlier phase studies tended to have slightly higher 
enrolment rates than later phase trials. It is; however, noteworthy 
that procedure trials had an enrollment rate 15–20% lower than 
drug trials.
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Overall, median enrollment yield was 80%, with 85% for drug 
trials, and 62% for device and procedure trials. This recruitment 
rate is actually relatively high but this may be a result of how 
authors calculated the denominator (or in other words, how they 
calculated the number of screened patients). Table 10 can be used 
as an estimate to guide future researchers in planning recruitment 
logistics and resource allocation.

16 Statistical Analysis

The choice of statistical tests utilized in a clinical trial is defined 
according to the type of data (continuous or categorical), the 
distribution of the data, and the number of groups to be compared. 
These factors are all part of the primary research question of 
the study.

Among the statistical tests used in MS trials, t-test, ANCOVA, 
and descriptive statistics were the most commonly utilized. 
T-test compares the means of two groups with normally distrib-
uted continuous data. ANCOVA offers the advantage of adjust-
ing the results of a group comparison to an important covariate. 
Finally, descriptive statistics shows the distribution of the data as 
a range, mean with standard deviation and median with inter-
quartile ranges.

The MS studies which utilized T-tests often compare effects 
of the drugs tested in decreasing the number of MRI lesions, 
which is a very important feature in MS diagnosis, and also to 
compare annualized relapse rate (ARR), to compare the efficacy of 

Table 10 
Recruitment yield in clinical trials by study phase

Phases Recruitment yield

I 0.88

I/II 0.92

II 0.70

II/III 0.35

III 0.78

IV 0.84

Pivotal 0.66

Exploratory 0.58
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different doses of a given treatment or a treatment against stan-
dard therapy or placebo. Regression models were also frequently 
used in studies with ARR as a primary outcome in order to control 
for covariates and determine the associations of some factors on 
the effects of the treatments.

Given that outcome in disease-modifying studies were often 
time to event (for instance time to relapse), a good number of 
studies used survival outcomes such as time to relapse or time to 
disability progression, Kaplan–Meier curves with log rank tests and 
Cox proportional hazards models.

Regression models, Cox proportional hazards models, and 
ANCOVA tests are used in different circumstances but all serve 
the purpose of controlling for covariates. This occurs frequently in 
MS trials due to the large variability in the presentation and base-
line features, severity and symptoms of the disease as well as differ-
ent levels of progression. Many researchers were only able to 
control for one or two of these factors by stratifying the random-
ization among the treatment arms, and therefore, utilized these 
statistical techniques to their advantage to control for these poten-
tial confounders on the outcomes.

17 Limitations

Regardless of the knowledge and experience of the researcher, 
rarely a clinical trial has no limitations. In MS trials, limitations of 
trials were discussed in 43% of papers. Table 11 summarizes the 
findings. Analyzing a summary of the limitations reported by the 
most cited papers in multiple sclerosis can be a helpful resource 
for a researcher currently planning a trial in multiple sclerosis.

The most commonly reported limitations were sample size, 
outcomes, trial duration and design, and population characteris-
tics. Nineteen percent of trials reported not being powered enough 
for appropriate data analysis. This was usually due to low sample 
size. Several trials went one step further to describe a higher than 
expected attrition rate and a low recruitment yield. The outcomes 
in many MS trials are based on quality-of-life scales. This is quite 
important for this chronic debilitating disease. Thus, self-reported 
quality-of-life outcomes are often used, and this has its own limita-
tion about the reliability of the results.

Trial duration was often reported to be too short, and longer 
term studies were recommended by the researchers. The highest 
cited trials usually went on to perform long-term follow-up studies 
using a modified study design. This is important in chronic diseases 
such as MS. Issues with trial design and blinding included lack of 
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healthy controls, open label studies, or single blinded studies as 
potential sources of bias.

Finally, population characteristics posed a challenge for several 
researchers due to variability in disease status, and baseline charac-
teristics. Sometimes the populations were considered too homoge-
neous in baseline disease features and not representative of the 
spectrum of presentations of the target population. Due to the 
high variance in the natural history of multiple sclerosis and its 
various forms of presentations, severities, and progression out-
comes, it is understandably challenging for any sample to represent 
the entire MS population.
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Chapter 9

Alzheimer’s Disease

Aura M. Hurtado-Puerto, Cristina Russo, and Felipe Fregni

Abstract

This chapter reviews the detailed characteristics of 100 interventional clinical trials in Alzheimer’s disease, 
published between 2010 and 2015, with the aim of providing conceptual tools for the optimization of 
design and condition of future clinical trials on this population. For this purpose, the literature review of 
the 100 most highly cited interventional clinical trials between 2010 and 2015, was performed using the 
search engine Web of Science. Based on the guidelines by the CONSORT group and the criteria contained 
in them, relevant practices in these clinical trials are discussed and suggestions are made for the improvement 
on the design and conduction of further clinical studies in the field.

Key words Alzheimer, Dementia, Study design, Review, Clinical trial

1 Introduction

Alzheimer’s disease (AD) is a chronic neurodegenerative disorder 
that mainly affects older adults. At the age of 60 years, the risk of 
developing AD is estimated to be around 1%, doubling every 
5 years thereon, reaching 30–50% by the age of 85 years [1]. The 
chronic degeneration process of the illness progressively affects 
speech, orientation and mood. Nonetheless, the most prominent 
feature in early phases of AD is an impairment in the selective 
memory domain which progressively leads to dementia. Although 
AD is considered the most common cause of dementia worldwide, 
there is yet no clear cause of this chronic disorder and the under-
pinning pathophysiological mechanisms are still under investiga-
tion, which also adds additional difficulty to development of novel 
treatments as well as the conduction of clinical trials.

The prevalence and the devastating consequences of this illness 
represent a major problem for health and society [2]. In fact, every 
3 s there is one new case of dementia around the world. Additionally, 
the total number of people with dementia is estimated to be around 
47 million in 2015 and is projected to increase to 135 million by 
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2050. Moreover, AD is associated with an economic and  emotional 
burden that affects society in general: as the number of individuals 
with Alzheimer’s disease increases, the number of autonomous 
individuals decreases. This means that AD affects, not only the 
individual with the diagnosis, but also the caregivers and family 
members, since with the progression of the illness patients need 
assistance in performing daily-life activities. On the other hand, it 
is estimated that the cost of Alzheimer’s disease is equal to the 
compound burden of cancer, heart disease, and stroke [2]. 
Specifically, it is estimated that the its current economic burden 
around 818 billion US$ and that it will rise up to US$ 2 trillion by 
2050. Given the characteristics of the disease and the current 
absence of a cure, researchers are putting their efforts in studying 
the underlying pathological mechanisms, attempting to slow down 
its progression or to halt its course. In addition, prevention efforts 
are at very early stages, with limited results so far.

2 Challenges to Design Clinical Trials in Alzheimer’s Disease

Researchers who design clinical trials in AD face several challenges 
due to the nature of the disease and the current means of diagnos-
ing clinical and preclinical stages.

 1. Lack of consistent biomarkers: decline in memory is part of the 
normal aging continuum; it becomes a cognitive sign of AD 
when is clinically relevant and impairs normal functioning and 
quality of life. Consequently, in order to identify populations at 
risk, it is fundamental to find markers as precursors of the dis-
ease. The advent of new biomarkers for this disease could bring 
more clarity to the field and to the selection of specific study 
populations. Beta amyloid, tau protein, electroencephalogra-
phy, and magnetic resonance imaging volumetric and func-
tional connectivity analyses could prove useful for this purpose 
in the future; however, they are still under investigation.

 2. Difficulty in characterizing pathophysiology and stages of the 
disease: AD is a chronic degenerative disorder, characterized 
by a progressive, nonreversible deterioration, in which identifi-
cation of biomarkers of progression could be of immense value 
to accurately assess, and biologically treat patients according to 
their stage of the disease.

 3. AD progresses at different rates across patients [3]: it has been 
shown that age is a determining factor of the rate of progres-
sion of AD, with older patients progressing more slowly. This 
introduces a source of variability in the study samples that 
could be addressed by including even more baseline character-
istics in covariate analyses, or simply restricting populations.
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 4. AD is very frequently accompanied by comorbidities: AD is a 
multidimensional disorder, with neurophysiological, psycho-
logical, and social aspects that need to be taken into consider-
ation when conceiving the appropriate interventions.

 5. Patients with AD are very often dependent on caretakers: this 
poses a major challenge in recruitment, adherence, and consis-
tency of treatments in general as there needs to be awareness, 
education and availability of time from the caretaker, as well 
from the participant.

In the past decades, the rising awareness of the need for effec-
tive treatments has led to an increasing number of diagnostic and 
interventional studies. Indeed, even with this increased effort, 
there has been little advance for the treatment of AD in the past 
decade. We carried out a nonexhaustive search in Web of Science 
with search criteria for clinical trials in Alzheimer’s disease, show-
ing a trend of thousand percent increase in the number of works 
published from 1970 to 1990 versus those published from 1990 to 
2015. In the present chapter, we focus on the 100 most highly 
cited interventional trials published over the last 5 years (2010–
2015) with the aim of giving a methodological overview of the 
prevention and treatment trials in Alzheimer’s disease. We present 
and discuss the main features of these publications with the pur-
pose of offering the most updated literature in the field and aiding 
researchers in the design and planning of feasible studies in AD.

3 Methods

We conducted a search of the 100 most highly cited articles describ-
ing interventional clinical trials on the prevention and treatment of 
Alzheimer’s disease, published between 2010 and 2015. For the 
analysis of the core features of each study, we followed the checklist 
elaborated by CONSORT (Consolidate Standards of Reporting 
Trials) in 2010: a set of recommendations for reporting clinical tri-
als in a detailed and standardized consensual way, elaborated and 
revised by a scientific committee and endorsed by many well- 
known peer reviewed journals [4]. This statement enforces trans-
parency for the critical appraisal of clinical trials. Furthermore, we 
focused on the specific challenges in conducting clinical trials in 
the AD population, giving a critical overview of how they have 
been addressed so fare. Since there are particular differences 
between interventional and diagnostic trials, we focused only on 
the former, given the aims of this book. Thus, studies with 
diagnostic purposes were out of the scope of research and are not 
discussed in this chapter.

To identify eligible articles, a literature search was performed 
using Web of Science, with “Alzheimer*” as key search term in the 
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title. Then, the findings were restricted only to document file 
“Clinical trial” from 2010 to 2015. From all databases, the search 
result was of 488 articles through which we then screened (using a 
descending citation order) until we found 100 articles describing 
interventional trials. We screened, therefore, the first 148. Of 
these, 48 were excluded for the following reasons: 20 were clinical 
trials with the aim of finding a diagnostic marker; 19 of them were 
observational trials; 4 of them were excluded because, in spite of 
attempting contact with the authors, we were not able to retrieve 
the original article; 2 of them were not with AD patients, 2 were 
protocol articles and 1 was a review. The resulting 100 most cited 
clinical trials represent the corpus of data that are discussed in this 
chapter. This process and the exclusions are schematically repre-
sented in Fig. 1 [5–104].

4 Overview

Table 1 summarizes the main features of our search result. As 
stated above, our inclusion criteria were interventional studies 
published in the last 5 years (from 2010 and 2015) with Alzheimer’s 
disease patients or at risk population. Given the fact that we sorted 
them by number of citations, the majority of these trials were con-
ducted between 2010 and 2013 and five were published in 2014. 
Most of the selected works (65%) were published in journals with 
an impact factor between 1 and 5, while 12 of them were pub-
lished in journals with impact factor of more than 20.

Fig. 1 Schematic illustration of the search results, inclusions, and exclusions
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Following the CONSORT checklist, we systematically ana-
lyzed the characteristics of the selected studies. Furthermore, for 
each article we checked whether the journal in which it was pub-
lished endorsed CONSORT. We found that 42 articles were pub-
lished in such journals and, of the remaining 58, 10 detailed their 
methods so completely, that they fitted each item of the checklist. 
This means that, even when the journal they were published in did 
not formally endorse the CONSORT guidelines, authors did 
follow these guidelines. On the other hand, other articles pub-
lished in journals endorsing CONSORT lacked details in their 
description of the design, in the specification of data analysis, in the 
sample size calculation and in the critical discussion to the limitations. 
By strongly agreeing with the need of clear and transparent report-
ing, other researchers have the possibility to understand, replicate, 
and appraise the applicability and limitations of a study. While 
transparency in the reporting of clinical trials is paramount to the 
advance of research, lack of transparency is associated with bias 
[105]. Generally, publication bias (i.e. the tendency to not publish 
negative results) is a relevant problem, especially when reporting 

Table 1 
General characteristics of selected articles

Total

N = 100

Year 2010 32
2011 28
2012 24
2013 11
2014 5
2015 0

Number of citations 0–20 25
21–30 31
31–40 8
41–50 4
51–60 6
61–70 5
71–100 9
101–200 10
201–745 2

Journal impact factor 1–5 65
5–10 15
10–20 8
>20 12

Consort criteria Yes 42
No 58
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the design, conduction and results of clinical trials. Lack of 
evidence regarding the effects of a treatment can have a direct 
negative impact on populations. It is, therefore, highly recom-
mended that investigators (especially beginners) follow these 
guidelines, not only for reporting purposes (CONSORT), but also 
to design a trial, such as the SPIRIT guidelines (http://www.
spirit-statement.org/).

Another relevant point is the results of these trials. Many of the 
articles here reviewed were not positive for their primary outcome 
(see Table 2). This means that trials with both nonconclusive and 
negative results have been published and still have a high number 
of citations. Thus, these trials help to elucidate which interventions 
and strategies lead to meaningful conclusions, advancing research 
in the field. These encouraging findings can reassure researchers 
that the best understanding of mechanisms of disease and treat-
ments is under way.

5 Studies

The selection of the studies included in this analysis is described 
above. Table 2 summarizes their main features. The total sample of 
studies is 107, because seven articles described 2 studies each. 

Table 2 
General characteristics of analyzed studies, contained in selected articles

Total

N = 107

Sample size 0–20 14

21–50 27

51–100 15

101–500 34

501–1000 4

1001 + Above 13

Type of intervention Drug 85

Device 5

Procedure 17

Positive for primary outcome Yes 69

No 33

Partially 5
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There is an additional remark for the trial carried out by Harrington 
and coworkers on the effects of Rosiglitazone on cognition and 
global functioning [42]. This work describes three studies; we ana-
lyzed only two because there were not enough elements about the 
procedures used for one of them (REFLECT 4) in order to collect 
all the chosen information.

6 Trial Design

In this section, we refer to “trial design” as the experimental plan 
for the study (parallel, crossover, factorial, etc.). There are other 
features regarding these types of designs, such as the number of 
groups in the sample, the size of the groups (e.g., uneven alloca-
tion ratios), and whether there are several dosages of the same 
medication being tested within each group or between groups 
(e.g., dose escalation and dose titration). Table 3 shows the distri-
bution of the trials by phase and design: drug trials are sorted from 
phase I through IV, while procedure and device trials are sorted by 
feasibility and pivotal phases. In our sample, we found various 
types of trial designs including randomized controlled trials and 
open label studies with no control group. In this section, ‘Open 
Label trials’ are those that did not use blinding.

The most frequent study design was parallel, with no additional 
remarks. Adaptive parallel designs were those that used some sort of 
algorithm to define different interventions within participants as 
the trial was conducted, and accumulating information was col-
lected [106]. Among randomized controlled trials, we found 

Table 3 
Trials sorted by design and phase

Open label

Randomized clinical trials—parallel designs Total

Parallel (no further 
specification) Additional designs

Adaptive Factorial
Dose 
escalation

Dose 
titration

Phase I 5 10 1 1 8 2 27

Phase II 0 17 0 0 15 3 35

Phase III 0 10 0 2 9 1 22

Phase IV 0 0 0 0 1 0 1

Feasibility 4 9 0 0 0 0 11

Pivotal 0 8 0 0 1 0 11

Total 9 54 1 3 34 6 107

Alzheimer’s Disease



304

simple parallel designs and parallel designs with some variations: 
adaptive, factorial, dose escalation and dose titration. Briefly, in 
dose escalation trials, various fixed dosages of the same medication 
are tested against each other [107]. Most frequently, dose escala-
tion trials compared groups with different but fixed dosages. In 
contrast, dose titration designs allowed for a flexible dose range 
within groups [108]. This kind of design is frequently used when 
the most appropriate dose—often the highest tolerable dose—is 
sought in early phase studies, in order to build a safety and efficacy 
profile. Customarily, only drug trials are included in this category, 
as dosages can be varied. Nonetheless, other kinds of interventions, 
such as exercise programs or brain stimulation techniques can use 
dose escalation designs. For example, the intensity of exercise routines 
can be adjusted and the number of pulses or the stimulation fre-
quency of a brain stimulation technique can be altered [53].

As stated above, drug interventions are the most suitable for 
dose escalation designs, and the most frequent in this sample. We 
found a considerable amount of dose escalation trials in this 
description, typically in phase I and phase II trials. However, it is 
remarkable that this design has also been used in phase III and 
even in phase IV. Significantly, the only Phase IV trial implemented 
a dose escalation strategy. Figure 2 shows the 85 drug trials distrib-
uted by phase and design.

In addition, seven dose escalation trials modified dosages 
within the groups. This is notable because traditionally, trials have 
been designed to test fixed dosages in order to control for this vari-
able, potentially leading to the consequence of the reduction of 
adherence due to poor tolerability or poor response. Consequently, 
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the flexibility in dosage can allow for more tolerability, adherence, 
and the analysis of more data, increasing the generalizability. In 
turn, this would more faithfully resemble a real-life scenario.

Most of the drug trials described in this sample are placebo- 
controlled, meaning the experimental arm is compared with pla-
cebo as a control condition. This characteristic increases internal 
validity. On the other hand, protocols often require participants to 
stop all medications for their condition before enrollment which, 
in turn, may reduce the feasibility and the applicability of the results 
to the target population. Additionally, in most cases, this requires 
that there is no standard care medication available in order for the 
principle of equipoise to exist (see Chap. 2 for a discussion on this 
topic). As shown in Fig. 3, a great amount of the selected trials 
used a drug as the control. The latter situation better reflects the 
condition of Alzheimer’s disease patients who are usually polymed-
icated; this makes the conduction of the trial more feasible and 
increases its generalizability.

Furthermore, there are three studies that were designed with 
no intervention as a control—meaning the control was not pla-
cebo, but the absence of an intervention (Table 4). This approach 
is uncommon for drug controlled trials and the reasons for choos-
ing this design must be well justified, as it is difficult to rule out 
placebo effects or natural history of diseases in studies with no 
intervention as a control. In the case of the trials we analyzed, 
those circumstances were not clearly explained.

The gold-standard for randomized controlled trials is the 
design with a placebo control under blinded conditions in order to 
control for placebo effect. This can be observed in a variety of 

Fig. 3 Drug trials sorted by design: open label trials (shown in pink) compared to randomized controlled trials 
(RCT, in blue). Of the latter, the distribution of those maintaining the same dose throughout the trial (in green) 
in contrast to the ones that used dose variation (in violet)
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interventions and varies greatly from intervention to intervention 
interfering with the measurement of the effect of the intervention 
and with the interpretation of results [109–113]. Therefore, a sim-
ple and robust design such as the parallel design with a placebo 
control is still the gold standard; however, ethical and feasibility 
issues need to be considered.

7 Changes to Trial Design

Unforeseen circumstances may prompt the change the design of a 
trial amidst its conduction. Some of these reasons are: new evi-
dence on the pathophysiology of the disease; that the intervention 
becomes widely available, making the conduction of the study 
futile; that the monitoring board and/or the external ethical com-
mittee considers the intervention to be unsafe before the end of 
recruitment. A general recommendation by the CONSORT group 
is that protocols of clinical trials should be very detailed, with clar-
ity and transparency in the description of any changes. Therefore, 
having a well-defined Data and Safety Monitoring Board (DSMB) 
is very important, especially in trials with a large number of sub-
jects in which what was learned at the beginning of the trial can be 
used to avoid unnecessary risk for remaining subjects.

Regarding this analyzed sample, a small number of studies 
(n = 8) changed their design after starting recruitment.

Rinne and collaborators aimed to determine the effects of bap-
ineuzumab, a humanised anti-amyloid-β monoclonal antibody, in 
patients with mild to moderate Alzheimer’s disease [5]. Patients in 
the experimental groups were assigned to receive ascending intra-
venous doses (0.5, 1.0, 2.0 mg/kg) with placebo as a control. 

Table 4 
Drug trials sorted by phase and type of control

Controlled designs—type of control Noncontrolled designs

TotalPlacebo Drug No intervention

Phase I 19 4 2 2 27

Phase II 28 6 1 0 35

Phase III 18 4 0 0 22

Phase IV 1 0 0 0  1

Total 66 14 3 2 85

Noncontrolled designs used no comparator. Controlled designs with no intervention, were labeled “No Intervention” 
as their comparator
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While the study was ongoing, new information became available 
from another trial [114] about the negative consequences of the 
2.0 mg/kg dose of bapineuzumab. Consequently, there was a 
stoppage of enrolment and allocation of participants in that group.

Similarly, Salloway and collaborators designed two phase-III 
clinical trials evaluating the effects of bapineuzumab in three 
groups receiving different doses (0.5, 1.0 and 2.0 mg/kg) with 
placebo as a control group. Soon after the starting of the study, an 
external monitoring committee recommended to discontinue the 
highest dose based on the finding of effusion or edema related to 
amyloid as evaluated by imaging [10].

One study was halted due to the results of an interim analysis 
leading to the conclusion that the intervention was futile [16], at 
this stage [14]. Another trial held off the administration of the 
fourth dose of the study drug due to external evidence pointing 
towards unsafety [20]. When it was decided that the study could 
be resumed, the window for the planned dose at the beginning of 
the trial had already passed for patients in this cohort.

Moreover, during a phase III trial [29] there was a discontinu-
ation of the two high-dose groups in a four arm placebo controlled 
trial so, the primary analysis was based on 166 patients in two arms 
of the study. There was also a case in which the analysis plan needed 
to be changed due to new evidence that could increase attrition 
rates. Consequently, only timepoints with less than 30% of attrition 
were considered for analysis in order to minimize the possibility of 
error [74].

Changes in protocol can also occur when other drugs are 
approved for prescription in that particular population during the 
study. The ongoing study of Geldamcher and coworker was modi-
fied to allow patients to begin memantine if prescribed, thus not 
compromising equipoise. The use of the drug was then considered 
as a covariate to run the analysis [31].

To sum up, in our sample most changes in the designs of trials 
occurred when the intervention was a drug, after the occurrence of 
adverse events in the study or as suggested by the emergence of 
new evidence in the literature. These cases are more frequent in 
large phase III trials. Importantly, these recommendations are 
endorsed or suggested by a DSMB. Also, there were cases in which 
the investigator pursued an interim analysis for futility, i.e.,, to 
check whether preliminary data indicated that the trial would not 
be successful after completion. It is fundamental for clinical prac-
tice and research activity, to report this information and the causes 
for the adjustments. The need to modify the design of the experi-
ment according to continuously changing circumstances repre-
sents an important challenge for clinical trials. Furthermore, 
caution in the design of experiments is advised to researchers, 
assessing potential pitfalls beforehand and keeping up to date with 
the latest available information.
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8 Study Setting

When it comes to the design of a clinical trial, the setting from 
which participants are recruited has many implications: recruit-
ment, consistency of the measures for the outcomes, adherence 
and external generalizability are important for a successful trial. 
Specifically, characteristics such as economic, social and demo-
graphic features of the setting have the potential to affect external 
validity. In a similar way, cultural differences and even organiza-
tional culture, can lead to variability in the collection of data, in the 
interaction with participants, etc. [115, 116]. Altogether, study 
setting can influence these aspects, as they are direct consequences 
of the particularities of the institutions or communities from where 
the study population is recruited.

In our sample, as grossly depicted in Fig. 4, about half of the tri-
als reported either inpatient or outpatient settings. Most of these, 
detailed that their populations were recruited from outpatient cen-
ters, being consistent with research in Alzheimer’s disease popula-
tion, mostly found in outpatient situation. Moreover, recruitment of 
institutionalized Alzheimer’s disease patients becomes challenging as 
they frequently have severe comorbidities. This adds variability to the 
study and complexity to the design. In spite of these difficulties, 
research for this population should neither be discouraged nor 
neglected. On the other hand, clinical trials in AD could be carried 
out in smaller samples with less variability. As stated by CONSORT, 
the information about the setting is crucial because it provides fur-
ther background to the findings and can help the reader in judging 
the feasibility and generalizability of the results for further works. The 
great majority of studies missed to clearly report the origin of their 
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population as inpatients or outpatients, and one of the reasons is pos-
sibly the use of mixed population, thus not adequately outlined. 
Once more, this information is important to infer generalizability. 
Scenarios such as inpatient and outpatient have implications on care-
giver involvement, treatment culture, socioeconomic background, 
adherence to treatment and other interventions, engagement on the 
research being conducted, access to specialized medical care, etc. 
Furthermore, these factors, potentially impact the results of the trials 
and their applicability [116, 117].

As outlaid in Table 5, more than half of the trials in our sample 
were multicenter, namely they were conducted simultaneously in 
more than one center. One interesting aspect in AD research is the 
need for multicenter studies even in phases I and II (see Table 5). 
In fact, given the small effect sizes in AD trials, there is a need of a 
large sample, thus, usually requiring a multicenter approach. In 
fact, the mean sample size of single center trials was 62, and that of 
multi-center trials was 442. Furthermore, 13 of them were run in 
different countries. In particular, multicenter trials conducted in a 
single country had a mean sample size of 370 participants, while in 
multicenter trials with more countries involved, the mean was 740.

In spite of regulatory challenges particular to each country and 
of organizational culture and policy differences, many research 
groups chose to recruit in this manner, with several implications. 
First, it can help researchers combine efforts towards the same goal; 
second, it contributes to collaborative work and sharing of expertise; 
third, it improves the generalizability of the results. Conversely, 37 
studies in our sample were carried out in a single center. Additionally, 
three studies did not specify the setting of their trial. Table 5 sum-
marizes these findings, along with the  distribution of trials by phase 
and settings as single center, multicenter, multicenter in different 
countries, or not specified. Drug trials are sorted from phase I 

Table 5 
Study settings—multicenter, single-center, and multicenter in different countries, sorted by phase

Single-center Multicenter
Multicenter in  
different countries N/S Total

Phase I 14 11 2 0 27

Phase II 9 20 4 2 35

Phase III 0 15 7 0 22

Phase IV 0 1 0 0 1

Feasibility 11 2 0 0 13

Pivotal 3 5 0 1 9

Total 37 54 13 3 107

Alzheimer’s Disease



310

through IV while procedure and device trials are sorted by feasibility 
and pivotal as described in Sect. 5.

9 Participants

One of the important question readers can ask themselves when 
reading the results of a study is: are these applicable to other popu-
lations with the same disease? In other words, what is the relevance 
of these results? This responds to external generalizability. Rothwell 
[116] details the importance of all aspects surrounding external 
validity and how the choice of inclusion and exclusion criteria has 
strong repercussions on it. Another detail important to this evalu-
ation is whether participants have been recruited with targeted or 
non-targeted strategies (e.g., newspaper ad, invitation letter) with 
direct influence on the potential characteristics of the population—
educational level, adherence, access to medical attention, availabil-
ity of economic resources, motivation, etc. However, this 
information is often not reported in the description of participants 
in the selected publications.

It is worth noticing that, often during the screening process, 
when inclusion criteria leave room for interpretation, it may add 
undesired variability. This could entail selection bias and the 
observed effect may be unrepresentative of the target population 
and thus misleading.

As described above, AD is a multidimensional syndrome whose 
complexity and lack of a clear diagnosis with clinical and biomarker 
correlation makes it difficult to differentiate from other population 
with similar clinical features (e.g., vascular dementia, Lewy body 
dementia, chronic traumatic encephalopathy, depression, etc.). 
Consequently, and due to the progressive nature of the disease, 
there is a huge variety of inclusion criteria for cognitive stages in 
AD trials. Additionally, the most frequently used scales do not eval-
uate the multidimensional aspects of the disease, nor do they have 
the specificity to exclude similar diagnoses. Consequently, partici-
pants of the studies in our sample have been recruited using differ-
ent criteria. A good part of these studies (n = 30) used Minimental 
State Examination (MMSE) scores as inclusion criteria to identify 
dementia and select a specific spectrum of cognitive impairment. 
Moreover, 11 trials used National Institute of Neurological and 
Communicable Disorders and Stroke and Alzheimer’s Disease and 
Related Disorders Association (NINCDS-ARDA) scores for prob-
able and/or possible AD. Fifty-one studies used both criteria. Four 
studies used different measures and four other did not specify 
which was the instrument used to assess AD.

Remarkably, studies using the MMSE stratification as inclu-
sion criteria employed different score ranges to target mild, mod-
erate, and severe AD, or a combination of these stages. Additionally, 
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MMSE provides gross evaluation of mental function with no 
assessment of functional status and is susceptible to educational, 
cultural, and language conditions [118]. Other studies coupled 
cognitive indicators with genetic biomarkers to stratify partici-
pants with imaging in order to correlate clinical with surrogate 
measures. The studies that used a stratification strategy are dis-
cussed in the randomization and statistical analysis sections, as 
pertinent (Sects. 14 and 18, respectively). These studies found the 
stratification strategy useful because there was a difference in dis-
ease progression in the strata with positive or negative expression 
of Apolopoprotein A, allelic isoform E4 (APOE e4). For example, 
the two studies reported by Salloway and coworkers, were designed 
in the same way except for the fact that one included APOE e4 
positive AD patients and the other one included APOE e4 nega-
tive AD patients [10].

Other studies used imaging techniques—head computed 
tomography (CT) or magnetic resonance imaging (MRI)—to 
more accurately include participants according to the stages of dis-
ease clinically and morphologically. Yet, there is no single or com-
pound surrogate measurement to diagnose Alzheimer’s disease 
and this is another challenge of conducting trials with such a popu-
lation. In our sample, 23 studies used some kind of imaging tech-
nique to confirm diagnosis of AD for their inclusion criteria. This 
becomes particularly useful when the interventions are aiming at a 
pathophysiological target in the disease that has been studied in 
animal models or humans with AD. On the other hand, it has less 
impact when studying populations where the interventions aim at 
relieving symptoms or quality of life because, if effective, these 
interventions can have a potential in nonrestricted populations as 
well. Furthermore, seven studies used these instruments as tools 
for the exclusion of other brain abnormalities such as vascular 
involvement [67, 119], other potential causes of dementia [32], 
brain abnormalities [29, 92, 93], or being inconsistent with AD 
diagnosis [18]. This becomes more relevant when the intervention 
is in early study phases and it might be of added risk to populations 
with the same clinical diagnosis but a different etiology. Two stud-
ies [18, 29] used these tools for both inclusion and exclusion 
purposes.

If you are planning your study in AD, what to do then? It 
depends on the phase of development. For phase I and II studies, 
it is also important to understand the mechanisms of the interven-
tion so as to refine it. In this context, it is important to be as spe-
cific as possible. For phase III studies, wider and broader inclusion 
criteria are more accepted, based on a clinical diagnosis.

Future studies should include more specific inclusion criteria, 
as there is currently a challenge in the specific selection of patients 
with AD. In our sample about half of the trials included patients 
with AD with mild to moderate cognitive impairment and were 
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mostly designed to slow the rate of cognitive decline. Given the 
fact that AD is still diagnosed clinically, patients are symptomatic at 
the time of diagnosis rendering most trials palliative in character. 
Three studies in our sample included patients in preliminary stages 
of disease, namely participants with Mild Cognitive Impairment 
(MCI). However, it is important to remark that the specificity of 
the diagnosis is uncertain, as not all MCI will evolve to AD. Only 
one study in our sample considered only patients with MCI as par-
ticipants. On the other hand, only three studies were done with 
healthy subjects aiming to prevent their evolution to AD. The 
huge impact of the disease on the society provides a niche to invest 
efforts towards the prevention on asymptomatic and individuals 
diagnosed with MCI.

Unfortunately, some articles (13%) did not specify the charac-
teristics of their population with clear eligibility criteria. As men-
tioned before, the lack of this information undermines the 
applicability of results and the reproducibility for future research. 
This is particularly relevant in cases of advanced phase research 
trials (III and IV), whose results have direct implications on clinical 
decisions. It is also critical in drug trials where disease staging con-
stitute radically different populations. All sorts of pathophysiologi-
cal processes take place in different stages of the disease and, 
consequently, different drug effects are expected.

10 Duration and Follow-Up

The intended duration of the participation of a subject in a clinical 
trial is an important part of the design of a clinical trial because it 
plays a central role in the risk of attrition and in the impact of the 
results. Phase III or pivotal trials usually intend to evaluate the 
intervention during long terms to assess long-term exposure or the 
after effects of a limited exposure (as to learn more about clinical 
effects). Conversely, early stage trials may aim to evaluate immedi-
ate effects of an intervention as measured by an extensive array of 
assessments, and they may be designed to do so in very few days or 
even in a single visit. On the other hand, attrition is highly depen-
dent on the amount of time a participant spends in a trial as longer 
durations make it more challenging to keep a participant moti-
vated, thus, risking the data collection as their participation 
approaches the end. This is an important point to keep in mind 
when designing trials in which the power provided by the sample 
size can cause problems. Consequently, all these aspects ought to 
be considered when designing a study in which various interven-
tions are assessed at several stages: exercise routines in a feasibility 
trial, existing medications in a phase III trial or IV infusions of 
immunotherapy in phase I studies are examples.
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The mean duration of the trials we included is 304 days while 
the minimum duration was 1 single day, and the maximum dura-
tion was 1825 days (Fig. 5). The aim of the trial with the shortest 
duration was to assess the role of a single session of music for 
30 min on encoding and recognition of verbal information while 
comparing the difference between preintervention and postinter-
vention assessments [44]. On the other hand, the trial with the 
longest duration for participants was designed to evaluate the 
long-term effects of a medication compared to a placebo, in the 
prevention of occurrence of AD in neurologically healthy subjects. 
The effects of the intervention were followed up for 5 years [25]. 
Additionally, 24 studies were designed for subjects to participate 
for more than 1 year, with a mean of 696 days. This is an interest-
ing observation since it depicts that clinical trials in AD focused on 
the evolution of the disorder and its neurodegenerative features, 
requiring a considerable commitment from subjects involved.

Furthermore, few of all trials (n = 37) performed follow-ups 
after the intervention had concluded. The majority of these 
(n = 20) followed up participants between 30 and 180 days with 7 
of them involving more than one follow-up. Conversely, most of 
the studies we analyzed did not require any follow-up after the 
intervention concluded (n = 70). Once more, the need for plan-
ning follow-ups as a part of the study is a result of the aim of the 
study and can be carried out in several ways including visits, phone 
calls, and registration of diaries. The possibility to reassess subjects 
after the intervention is relevant when long-term effects on multi-
ple aspects of the population are of interest. Finally, it is important 
to keep in mind that the validity and generalizability of results may 
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depend both on continuing evaluation and on the results of the 
evaluation itself [120].

11 Intervention: Drug/Device/Procedure

When designing a trial, the first step is to understand the interven-
tion. How is it hypothesized to be useful—which are the mecha-
nisms behind it and to which population is it applicable? For how 
long should it be implemented in order to observe a significant 
effect? Is it possible to use a control that allows for double blind-
ing? What are the outcomes that can measure the effects of this 
intervention? All of these questions depend on the intervention, 
whether it is a new drug, a drug already approved for other uses, a 
device or a procedure. In this section we differentiate device from 
procedure as per their definition by the FDA [121].

It should be pointed out that all details of the intervention 
need to be planned in advance, and later described in the article 
along with the results of the trial. The level of detail should include 
parameters, routes of administration of the active intervention and 
control, titration and dose escalation procedures. Frequently in 
AD trials interventions involve usual care. In these cases, it should 
be clarified what this treatment entails.

In the sample we examined, the majority (n = 85) of studies 
consisted of drug clinical trials. Five of them evaluated devices and 
17 evaluated procedures. Among the device trials, one used encap-
sulated cell biodelivery (ECB) that delivered nerve growth factor 
(NGF) [26], one used Deep Brain Stimulation (DBS) [8], three 
evaluated the effects of repetitive Transcranial Magnetic Stimulation 
(TMS), associated with linguistic tasks [39], memory performance 
[101] and cognitive function and cortical excitability [53]. There 
is also a place for invasive and noninvasive stimulation studies in 
this population, which could induce changes in both the cognitive 
and clinical domains. Of the 17 procedure trials, the following 
interventions were adopted: cognitive rehabilitation [26], aerobic 
exercises [43], music [44], light and guided sleep education [51], 
walking [59], at-home exercises [68], cognitive intervention [70], 
lifestyle intervention and medication [71], movement based train-
ing [73], exercise routines [77], psychosocial intervention [79], 
specific care plan [83], technology-aided verbal instructions [91], 
cognitive rehabilitation [96], activity-specific exercise program 
[98], and cognitive therapy [100]. These interventions are usually 
implemented for a short period of time because attrition can 
become problematic. In contrast, drug interventions, in which the 
additional effort for the participation in the study is not as costly as 
that of procedure and device trials, there is a greater investment of 
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time. In the case of surgical procedures, it may add an additional 
risk to increase duration.

Most of the trials we analyzed used drugs as interventions. 
Likewise, pharmacologic sponsors supported most of these drug 
trials. Some of the pharmacologic agents used in these studies 
were: agents targeting amyloid plaques or amyloid precursors 
including antibodies, intravenous immunoglobulin, γ-secretase 
inhibitors, Tau kinase inhibitors and antibody production stimu-
lators; neurotrophic agents; Neurotransmitter modulators 
including antipsychotic agents, antiepileptics, stimulants, antide-
pressants, cholinesterase inhibitors and N-methyl d-aspartate 
(NMDA) receptor antagonists; antidiabetics including oral anti-
diabetics and insulin; Lipid lowering agents; Cardiovascular 
agents such as: antiplatelet agents, vasodilators, nonsteroidal 
anti-inflammatory drugs, calcium channel blockers and beta 
blockers; Vitamins, lipids, and supplements; Hormones; 
Chemical species acting as ionophores.

The level of planning needed for the execution of such a trial 
include the following questions: which is the control to be used 
and how is it to be implemented? What are the procedures sur-
rounding its implementation? How similar are the controls and 
other interventions and how will this be overcome in order to 
maintain blinding? In case blinding is not feasible or ethical, what 
are the reasons? And is it possible to change circumstances in order 
to make it feasible and ethical? All these factors surrounding the 
intervention are crucial for the achievement of a valid trial that can 
impact the field, regardless of the results. For longer duration tri-
als, it is important that the time point of measurement of the main 
outcome (main endpoint) is well defined. There are two strategies: 
to measure the main outcome early and make subsequent measure-
ments as follow-up assessments, or vice versa: to measure the main 
outcome late and make earlier assessments, as secondary outcomes. 
Here, a deep analysis needs to be made considering when most of 
the effects will be seen, and also to what extent the attrition rate 
would affect this. For the analyzed trials, we noticed that overall, 
studies using clinical outcomes as main endpoints, measured pri-
mary and secondary outcomes concomitantly and regularly (e.g., 
every 3 months, for a year). Generally, the longer the duration of 
the studies, the later the measurements of primary outcomes were 
performed [19, 25]. For phase I trials, when the main outcome 
was safety and the study duration was overall shorter, measure-
ments of the primary endpoint were made earlier, while secondary 
measures (clinical effects) were made later on [20].
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12 Primary Outcomes

The choice for the primary outcome should be the product of 
careful thought based on the aim of the study and the expected 
changes in the selected population. How to detect and measure 
these changes? How to answer the study question? Outcomes 
should be selected based on the answers to these queries. As men-
tioned before, in AD trials arena, outcomes are mostly aimed to 
measure clinical changes. This is reflected by the 72 trials selecting 
clinical criteria as their primary outcomes in an exclusive way. Of 
the remaining studies, three chose functional outcomes and eight 
used surrogate and clinical measures jointly as their primary out-
comes. To note, many trials used, not only one primary outcome, 
but two or more “co-primary” outcomes (Fig. 6). It is interesting 
to highlight that AD research has very few validated surrogate out-
comes, and the ones being currently tested are not reliable and/or 
not easy to be measured.

Functional outcomes in our sample included measures of sleep 
quantity and quality, namely, total wake time based on wrist actig-
raphy and caregiver ratings of participant sleep quality on the Sleep 
Disorders Inventory. These outcomes were selected in a trial aimed 
at evaluating the effects of walking and light exposure in AD 
patients [51]. In addition, one group measured the ability to per-
form bed transfers and mobility using acute care index of function 
[98]. Some of the trials evaluating safety were classified as imple-
menting both clinical and surrogate outcomes because safety out-
comes consisted of both the occurrence of adverse events and the 
combination of physiological and biochemical measures. Figure 7 
shows the distribution of the frequency of choice for primary out-
comes of all studies included in the analysis. For this figure, the 
term “biochemical measures” refers to parameters measured in 
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tissues or fluids (blood, cerebrospinal fluid, urine, saliva, etc.) 
through chemical means. They include, but are not limited to, 
pharmacokinetics, pharmacodynamics, and bioavailability [122].

The fact that there are hardly any biomarkers that orient the 
evolution or diagnosis of AD makes it even more challenging for 
phase I and phase II trials to convey significance as measured by 
surrogate biomarkers, which is the standard for research in other 
conditions which do have surrogate biomarkers. In this way, clini-
cal outcomes become the only tool these trial designs have in order 
to prove efficacy and safety. Consequently, clinical outcomes appro-
priate for the conduction of phase III and phase IV studies are also 
prominent in early phase trials, as grossly depicted in Table 6.

Surrogate outcomes reflecting clinical function are rare in 
Alzheimer’s disease. Some trials correlate neurological function 
with neuroimaging. Also, other surrogate outcomes used are 
intended to measure safety outcomes. There is currently no bio-
marker that reflects severity or that can be used as a diagnostic tool 
for AD. This is one of the main challenges to be overcome while 
making the distinction of trial phases sometimes unclear. Here, it is 
also important to differentiate the surrogate markers (those that 
can provide information related to clinical changes) from 
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Fig. 7 Categories of primary outcomes. Cog–Cl cognitive and clinical, Saf–Cl 
safety and clinical, Bio–cog biochemical and cognitive, Cog–Saf cognitive and 
safety, Cog–Im cognitive and imaging, Bio–Cl biochemical and clinical
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predictive markers (those that can provide information about the 
likelihood of response) and prognostic (or diagnostic) markers 
(those that can provide information regarding current or future 
presence of disease). It is important to notice that these markers 
also depend on the type of treatment being tested.

13 Sample Size Calculation

All clinical trials are strongly encouraged to report how they 
planned their sample sizes and report all the information following 
CONSORT recommendations. However, approximately half of 
the studies in the sample did not report how they calculated it 
(n = 49). Two trials corresponded to post hoc analyses and were 
deemed nonapplicable, since this calculation was ought to be made 
a priori. Conversely, 56 studies did mention in varying degrees of 
detail how the sample size was calculated. Twenty articles did not 
detail this method. Out of those describing some sort of method 
of calculation, minimal clinically important difference and literature 
review were used equally (15 studies each). Importantly, literature 
reviews for sample size calculation purposes should point towards 
finding meaningful values, which do not mean statistical signifi-
cance alone. In fact, the concept of statistical significance does not 
necessarily translate into a meaningful clinical difference. When 
there is no available information on the field, or insufficient evi-
dence on a specific outcome, a pilot study can be the most 

Table 6 
Primary outcomes, co-primary outcomes and phases

Phase I Phase II Phase III Phase IV Feasibility Pivotal Total

Biochemical 5 0 0 0 7

Cognitive 4 12 18 0 5 1 40

Imaging 0 4

Safety 8 3 0 0 1 0 12

Cognitive-other 2 5 2 0 2 2 13

Safety-other 2

Biochemical-cognitive 0 1 0 0 0 0 1

Cognitive-safety 0

Cognitive-imaging 0 0 0 0 1 0 1

Biochemical-other 0

Total 27 35 22 1 13 9 107
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compelling approach to start with. Some of the studies included 
were pilot studies themselves, while six trials used pilot study infor-
mation in order to calculate the size of their sample.

Our results reflect those of a systematic review [123] that 
points out common mistakes and omissions in the description of 
sample size calculations in RCTs. On the other hand, a recent sys-
tematic review in trials on anesthesia underlines that a good num-
ber of articles describe how researchers calculated the sample sizes 
of their studies, while failing to report important information 
about essential parameters, namely, standard deviation, Type I 
error, minimal clinically important difference and power [124]. In 
a similar manner, we evaluated whether the trials we analyzed 
reported these parameters. We found that, in 56 trials reporting a 
description of their sample size calculation, only 10 of these 
reported all elements properly. Considering the remaining studies, 
the least reported parameter was the standard deviation—described 
in only 18 studies, followed by Type I error—described in 31 stud-
ies, the minimal clinically important difference—reported in 38 
studies—and the power—reported in 44 studies.

14 Randomization: Generation, Process, and Implementation

Randomization is the core of controlled clinical trials, as it aims to 
divide groups with similar characteristics and, thus, it can be 
assumed that any effects of the intervention being tested are due to 
the intervention and not to differences in characteristics across 
groups. In fact, individual characteristics may vary in the sample 
and can be influenced by the intervention. Indeed, this is the main 
reason for randomization, as the characteristics of the popula-
tion—covariates—can be balanced across groups. Several types of 
randomization can be considered: simple, blocked, stratified, adap-
tive, etc. These are described in more detail in Chap. 1. Who gen-
erates this sequence and how, is core for maintaining its randomness. 
Roughly 44 trials mentioned a method of randomization sequence 
generation the most common being through computer genera-
tion. Nine trials had an open label one arm design, so no blinding 
or randomization was needed. The remaining studies did not men-
tion any methods.

The other related and important issue is allocation conceal-
ment. This refers to the process of keeping the allocation of partici-
pants a secret from investigators responsible for recruitment, so the 
sequence cannot be predicted and they are unaware of the treat-
ment assignment of the next participant. On the other hand, the 
perils of failing to conceal allocation can lead to an overestimation 
of the treatment effect [125]. Among the selected trials, allocation 
concealment was mostly done by an automatic voice response 
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system (mentioned in 33 trials), followed in frequency by sealed 
envelopes. Once more, the majority of the studies mentioned no 
allocation concealment method at all.

The implementation of randomization refers to the methods 
used to carry out and keep the recruitment, randomization, and 
allocation processes independent. In other words, separate person-
nel should take part in each one of these procedures to prevent 
bias. Importantly, reporting this item is necessary for the readers’ 
assessment of the possibility of bias. Once more, these details were 
all described only in 20 studies. This leads to believe that this item 
is considered unimportant when reporting the procedures carried 
out in these trials, or were ignored during the trial, showing poten-
tial sources of bias in these studies. Nowadays, with current tech-
nological methods, it is fairly easy to implement allocation 
concealment methods by using a computer, or even an app in a 
mobile device.

Participants can be allocated to groups with a different probability, 
in unequal allocation ratios—for example, in a 2:1 ratio of alloca-
tion of an active intervention versus a placebo intervention. This 
method has become frequent in clinical trials, as reflected in our 
findings. Some of the reasons claimed by trialists to choose unequal 
allocation ratios are: to minimize the loss of statistical power if a 
dropout happens, to decrease costs in the study and to maximize 
information about the intervention while conducting the trial, to 
mitigate patient withdrawal and to hasten recruitment as it might 
seem more appealing to participants [126, 127] On the other 
hand, unequal allocation ratio could lead to overburdening of 
study population. Additionally, therapeutic misestimation can 
occur, while the reason for conducting the trial in the first place is 
that there is no evidence of the clinical effectiveness of the treat-
ment. Another important reason to reconsider when choosing this 
strategy is that it needs a greater sample size to adjust for statistical 
power. Still, the change in power is minimal if a 2:1, or even 3:1 
ration randomization strategy is adopted (see the following refer-
ences for further discussion [128, 129]). Nonetheless, in early 
study phases (I and II), unequal allocation strategies might be a 
good alternative, as opposed to late study phases (II and IV), given 
the fact that early study phases have the objective of learning about 
the treatment dimensions [127].

15 Blinding, Assessment of Blinding and Similarity of Interventions

Blinding is one of the cornerstones of controlled trials. This pro-
cess aims to prevent bias both from assessors and participants. In 
the first case, participants can be influenced by knowledge of their 
allocation by having different expectations and behaviors during 
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the trial, further impacting, for instance, the adherence. In the sec-
ond situation, unblinded assessors can potentially evaluate or treat 
participants differently depending on the group they are allocated 
to. In AD trials, open label designs have been carried out by many 
researchers including Laxton and coworkers [8] who performed a 
study aiming to prove feasibility of deep brain stimulation with no 
sham control due to the stage of the trial. Nonsurgical studies also 
implement open label strategies in early phase designs. These may 
include drug trials or interventions in which participants are inevi-
tably aware of their allocation (e.g., exercise routines and lifestyle 
changes). An example of a drug trial with an open label design is 
the work done by Padala and coworkers [72] evaluating the effect 
of statins on cognitive function while using a crossover design. 
Worth noting, these studies mention the lack of blinding as a limi-
tation of their results in order to caution readers on their interpre-
tation. In fact, although these studies are often not considered as 
definitive evidence to change clinical practice, they can still gener-
ate important data for further confirmation.

Description and planning of blinding procedures, along with 
their implementation, is important in order to gauge and depict 
the extent of the bias that could be introduced in the trial due to 
the awareness of treatment either by subjects or by the assessors. 
Of all the studies included the sample, 80 reported some type of 
blinding. Of these, 63 reported being double-blinded and 17 were 
single blinded. Of the latter, all were assessor blinded. Only 14 
 trials had an open label design. Remarkably, 14 of the studies did 
not mention blinding or treatment awareness of assessors or par-
ticipants. Apart from the need to report blinding procedures on a 
article, it is necessary to detail and prepare them in advance while 
planning the study.

Another important consideration when designing the protocol 
is to address unexpected situations, such as the occurrence of seri-
ous adverse events, the occurrence of medical emergencies, or the 
determination of the Data Safety Monitoring Boarding (DSMB) 
to unblind. Particularly in the studies we included, the DSMB or 
ethics committee required to unblind in special circumstances, 
described in Sect. 7.

It is necessary to assess, and later convey, whether the active 
and control interventions are similar enough to allow blinding of 
participants. In the case of drug trials, characteristics such as the 
package, as well as the smell, the taste, and the presentation, aid in 
this assessment. Some of the studies (n = 34) mentioned that the 
interventions were similar in one way or another showing some 
sort of similarity between them. Designing a double-blind study 
becomes even more challenging when there is more than one 
intervention being tested and when the interventions differ in 
“presentation” in a radical way. As an example, in drug trials with 
a double-blind design, when the interventions consist of two drugs 
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that have two different administration routes there is a need to 
design a placebo intervention for both presentations. This is known 
as double-dummy design and is clearly depicted in studies such as 
the one carried out by Alvarez and coworkers [86] in which the 
intervention consisted of the administration of Cerebrolysin given 
intravenously, and Donepezil given orally. Of all studies in the sam-
ple, five reported to implement double or triple dummy designs.

When a study is designed to have some type of blinding, it 
improves its internal validity. Table 7 depicts the number of trials 
that described the degree of similarity of their interventions sorted 
by the type of intervention. The column “Similar” sorts those 
blinded studies that mention their interventions resembling in one 
way or another; the column “Not Similar” sorts blinded studies 
that mentioned their interventions being different in some way—
all were procedures, which required a blinded assessor; the column 
“Not Specified” sorts studies that mentioned no degree of similar-
ity, nor was it possible to assess this with the information provided 
by the articles; the column “Not Applicable” sorts trials with no 
blinding—open label designs.

Only a small part of the studies (n = 4) assessed the effective-
ness of blinding. In particular, in one trial physicians were asked to 
guess the treatment assignment, while in three other studies care-
givers, study coordinators, psychometrics assessors and partners 
were asked through questionnaires. In general, this item is not 
described in articles: its value has been questioned, as the possibil-
ity of subjects guessing active treatment may be related to clinical 
improvement [130].

16 Recruitment Yield and Adherence

The recruitment yield refers to the proportion of participants that 
were effectively randomized, out of all the screened subjects. On 
the other hand, adherence refers to the proportion of randomized 
participants who actually completed their participation, as indi-
cated, in their assigned group.

Table 7 
Similarity of interventions sorted by type of intervention

Similar Not Similar Not Specified Not applicable Total

Drug 33 0 46 6 85

Device 2 0 1 2 5

Procedure 0 5 10 2 17

Total 34 7 57 9 107
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Among the studies that reported the number of screened sub-
jects and the number of randomized subjects, recruitment yield 
was calculated. A notable distinction should be made: prescreened 
individuals correspond to those who reached out to, or were 
reached by the investigators for preliminary assessment of eligibil-
ity; while screened subjects are those who, after this preliminary 
assessment, underwent a thorough evaluation, according to the 
inclusion criteria. Many of the articles did not describe the number 
of subjects screened, let alone those who were prescreened. Articles 
describing the flow of participants usually account for those who 
were randomized, out of the ones who underwent full screening, 
and, in this sense, the numbers of recruitment yield discussed in 
the following lines correspond to this description (i.e., do not 
include prescreened individuals). We advise that this be interpreted 
carefully, as it may be overestimating actual recruitment yield. 
Information about the flow of participants aids understanding how 
the design of the trial favors or hinders feasibility of recruitment 
and conduction of a study.

Only half of the studies we examined reported the number of 
screened subjects (n = 55). Four articles reported post hoc analyses 
of trials described in separate articles [11, 76, 89, 102] and three 
more were sub-studies analyzing data of already recruited popula-
tions [17, 48, 71]. Since these were based on subjects who were 
already enrolled, they were not taken into account for this part of 
the analysis. Twenty-one trials reported its recruitment yield to be 
between 70% and 97%, 24 trials reported it to be between 50% and 
70% and 5 trials described it to be between 30% and 45%. 
Remarkably, four trials reported their recruitment rate to be 
between 8% and 25% which may be closer of the actual numbers. 
It is difficult to compare numbers given that denominator may be 
calculated differently across these studies. Taking a close look at 
their description of recruitment procedures, it becomes clear that 
this probably depicts more accurately the flow of participants since 
initial contact in most scenarios. Three of those articles detail the 
flow of participants starting from the available random sample, 
going through the number of subjects who had contact with the 
research team and had some sort of prescreening, and finally, those 
who passed full screening and were enrolled [51, 72, 77].

Some interesting conclusions arise. First, most of the subjects 
who were not included did not meet eligibility criteria and only a 
small percentage declined to participate after screening. Other rea-
sons involved the caregivers, whose consent is often needed, as well 
as that of participants. In some cases, it was possible for partici-
pants to pass a first screening, while still needing to pass a second 
stage in order to be enrolled (such is the case of studies with run-in 
phases, discussed below); thus, failing the second screening was a 
possibility. This information is valuable in order to increase the 
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awareness of the potential factors that prevent participants from 
being enrolled in trials.

In particular, recruitment yield can be considered an indirect 
indicator of how representative the final sample of the population 
is, in other words: are the included participants representative of 
the whole group of patients? This useful information comes directly 
from the enrolment stage and represents an important cue to assess 
external validity; it also helps future researchers to plan their 
recruitment strategies.

Once subjects are enrolled, they can desist from their participa-
tion for a number of reasons. For example, they can withdraw con-
sent because they need to receive other interventions that are not 
compatible with eligibility criteria. They may also lose motivation 
as the trial advances, especially when allocated in control groups 
where it is often possible no significant symptom differences are 
detected by patients or their family members. In many cases, the 
consent of the caregiver is needed for enrolment as well. In these 
cases, caregivers themselves might be affected by the aforemen-
tioned circumstances. Finally, in exceptional cases, the study physi-
cian may remove participants from the trial due to safety concerns 
(rapid cognitive decline, adverse events, etc.). In some cases, the 
possibility of high attrition is a concern to the researchers, such as 
when the intervention is uncomfortable (medication side effects or 
physical exercise), or when it entails a significant routine or change 
of habits. In these scenarios, researchers may choose to preselect 
highly adherent subjects with a run-in phase, as some researchers 
did [14, 60, 94], including Maher-Edwards [15, 71, 81] and 
coworkers [56, 75]. Their flow of participants describes their attri-
tion rate as 19%—once the run-in phase was over, adherent sub-
jects were selected to continue to randomization. If the whole 
screened population had been included the attrition rate could 
have gone up to 29%.

There were several cases of unequal proportions in adherence 
between the control and the experimental group. Salloway and 
coworkers [10] enrolled 1121 participants in a 78-week duration 
trial. 75.4% in the placebo arm and 69.5% in the experimental arm 
successfully completed the study. Notably, this study reported 
adverse events in the highest dose group, which was eventually 
suspended. Similarly, in the second study reported in the same 
document, adherence of 1311 participants was negatively associ-
ated with the dose—71.2% in the placebo arm versus 70.6%, 68.7%, 
and 67.4% in the following dosage groups of Bapinezumab 
0.5 mg/kg, 1 mg/kg and 2 mg/kg. Along the same lines, the 
24 week study run by Coric and colleagues with 209 participants, 
showed a better adherence of the placebo group (80.9%), as com-
pared to the experimental group of Avagacestat, starting from the 
lowest dose of 25 mg/day (78.5% of adherence) and rising to the 
highest dose of 125 mg/day (50% of adherence) [34].
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An opposite trend is observed in the 52-week factorial design 
study run by Howard and those of the initiation of Memantine. 
Out of a total of 295 patients, the highest attrition rate was seen in 
the control arm (60% attrition observed), the lowest attrition rate 
was observed in the full intervention group (30%) while attrition of 
partial intervention groups was 31–45% [13]. It is important to 
know this information a priori to understand how this would affect 
data; it should be used for planning clinical trials to address study 
power, as well as potential bias when attrition is unequal across 
treatment groups.

Another interesting example is the study by Kaisu and cowork-
ers on the effects of two different types of exercises [77]. Participants 
were home dwelling patients with their spousal caregiver, and were 
randomly assigned to receive home based exercises by a physio-
therapist, 1 h, twice a week, or a group based exercise with ten 
other participants and a physiotherapist, during 1 h, twice a week. 
The effects were compared to that of a third group of subjects 
receiving community care. While the rationale of this trial is to 
prove that intense, long-term exercise has a promising role on 
function and mobility, adherence was higher in the home-based 
arm (97%), compared to the group exercise arm (87%). In this 
case, participants were home dwelling and dependent upon care-
givers, so the necessity of going to the research center for 
 physiotherapy could be negatively impacting adherence to the 
experimental design.

Handling adherence to the protocol in drug trials represents a 
big challenge since it is not possible to ensure compliance of par-
ticipants. In these studies, compliance was monitored via self- 
report, by asking subjects to fill out drug diaries and by counting 
the remaining pills at the end of each assessment visit. Fortunately, 
there are several methods that can improve adherence such as sim-
plifying the characteristics of the regimen, educating patients and 
caregivers, addressing their beliefs and fears and improving com-
munication with subjects [131]. Only 14 studies described the 
implementation of methods to improve adherence. Among them, 
five used phone calls and visits to subjects and five included open 
label, run-in phases, with further selection of adherent subjects for 
enrolment in the randomized trial. Other strategies included 
supervision of self-commitment tasks [26], organized psychosocial 
classes for patients and their families [55] and external reinforce-
ments, such as cookies, at the end of the sessions [59].

17 Interim Analysis and Stoppage Criteria

All clinical trials should have criteria to stop participation of sub-
jects for safety purposes and experimental consistency, regardless of 
their size. For instance, even in a trial with ten subjects, if the 
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second subject has a severe adverse effect such as death, then the 
investigator and the ethical committee need to analyze whether the 
study should proceed. Moreover, these criteria need to be imple-
mented, as a part of a plan, by a designated monitoring party in 
larger studies (e.g., data safety monitoring board, etc.). This sec-
tion focuses on these strategies and how they were described and 
employed by the analyzed trials. Only 32 studies described, in 
varying degrees of detail, how they included stoppage criteria as 
part of their plan. Furthermore, 21 trials mentioned the advice of 
a Data Safety Monitory Boarding (DSMB). Additionally, three 
studies reported interim analyses and seven reported the occur-
rence of adverse events as stoppage criteria; therefore, it was 
inferred that such trials had planned a revision committee of some 
sort. Ideally, this information should be stated clearly, as it accounts 
for safety, proper conduction and integrity of decisions.

There is a particular example of the detailed description of these 
procedures in a study monitored by an Ethical Committee. It aimed 
at assessing the feasibility of Deep Brain Stimulation (DBS) as a 
procedure and was monitored by the Research Ethics Board (REB) 
to obtain information about the two enrolled participants 6 months 
after the surgical implant, before enrolling a second cohort of four 
patients [8]. Thirty-one of the articles of this sample  conveyed, one 
way or another, that an ethics committee or data safety monitoring 
board was supervising those trials. In ten of these articles, this was 
inferred from the authors mentioning some type of interim analysis. 
In particular, in a dose escalation trial, the DSMB assessed the safety 
of the current treatment before the succeeding dose group was 
approved to start [5]. Furthermore, in this case, the article well 
specified the number of people involved in the decision and that the 
committee was independent from the research team.

Additionally, the preestablished frequency of the monitoring 
organ meetings can be determined by number of subjects recruited 
or by periods of time. For example, the DSMB reviewed the safety 
data semiannually in a 4-year study aimed at assessing intranasal 
insulin therapy in AD and MCI patients [6]. Similarly, the DSMB 
met quarterly to evaluate safety of Solenazumab in mild to moder-
ate AD patients [12], as occurred in a trial aimed at assessing the 
safety and tolerability of Avagacestat [34].

The implementation of interim analyses needs appropriate sta-
tistical methods in order to adjust for the probability of false posi-
tive results. For example, in an 18-month study evaluating the 
effects of intravenous infusion of Solenezumab or placebo once 
every 4 weeks, an interim analysis was planned after 50% of the 
participants had completed 12 months of treatment [12]. In a 
study aimed as assessing the efficacy of a medical food on mild AD, 
the team programmed a prespecified blinded interim analysis after 
84 patients had completed the core 12-week study. The results 
were reviewed by an independent DSMB to assess sample size and 
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safety concerns [21]. In other cases, the interim analysis was per-
formed after the completion of a considerable number of partici-
pants. For example, an independent DSMB determined that the 
study could proceed as planned after an interim tolerability analysis 
“was conducted without statistical testing after 400 subjects” [36]. 
Only one study specified the method used to plan the interim anal-
ysis for treatment efficacy using the method of Haybittle, designed 
to be flexible and allow the DMC to evaluate on request [41]. In 
fact, in AD research, given the uncertainty of treatment options 
and large sample size, a DSMB is often needed.

18 Statistical Methods

The statistical analysis is the way data are processed in order to be 
interpreted. Therefore, it should entail a careful evaluation of 
appropriate methods. The same dataset can tell completely differ-
ent stories, depending on the methods that have been used to ana-
lyze it. Consequently, these strategies should be reported faithfully 
in order to facilitate reproducibility and transparency. The 
International Committee of Medical Journal Editors is, as they 
describe themselves, a group of medical journal editors who work 
for the improvement of quality and reporting of medical science. 
Their recommendation on the reporting of statistical methods is to 
describe it with “enough detail to enable a knowledgeable reader 
with access to the original data to judge its appropriateness for the 
study and to verify the reported results” [132]. The great majority 
of the trials in our sample missed to report their statistical analysis 
in such detail so as to allow for reproducibility. Many reported they 
performed a series of statistical tests considered “as appropriate”; 
however, there was no description of the procedure used to process 
the data. This is not suitable for reproducibility or transparency. 
Thus, the description of these methods should be done to the 
extent to understand how the analysis that is reported was obtained. 
To be noted, descriptions such as “statistical analysis was done 
using Mann-Whittney U-tests, T-tests, Chi-squared tests and 
ANOVA, when suitable” seem insufficient to understand how data 
was treated: What was the sequence used? Which were the explana-
tory variables, with which covariates were included? and What were 
the assumptions made? are always questions worth answering in 
this section.

The purpose of conducting a randomized trial is to estimate 
the effect of an intervention with the least amount of bias in order 
to state with a good degree of confidence that the intervention is 
effective. The purpose of estimating the treatment effects is to con-
trast the outcomes of the different groups. This can be expressed 
as confidence interval, of which 95% is the customary value that 
expresses the range of values expected to contain the true mean for 
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that population in 95 out of 100 studies with similar populations. 
In our sample of trials in AD the confidence interval was not fre-
quently reported. Statistical significance can also be detailed; it is 
customarily the most addressed statistical measure in clinical 
research and represented as the p-value. In this case, there is an 
arbitrary value of 0.05, which determines whether the difference 
that was found is likely to be due to chance. This is the reason the 
recommendation by CONSORT is to report the actual p-value as 
opposed to a range (e.g. p < 0.05). Careful attention should be 
paid to this value though; it is only supported by a hypothesis- 
driven study as it can be of no value otherwise [133].

There are customary methods for analyzing data according to 
the type of variables (continuous, dichotomous, categorical, etc.) 
and the amount of measurements taken from each individual of the 
sample. Nonconventional or novel complex statistical methods 
such as multilevel modeling and methods to analyze imaging data 
are out of the scope of this chapter. Trialists aiming to conduct 
such trials may sink deeper into these topics with apposite refer-
ences [134]. However, it should be highlighted that well designed 
parallel RCTs do not need complex modeling to analyze the data; 
even simple statistical tests may suffice.

All studies included some type of description of statistical 
methods used to process the data they collected. As expected, the 
degree of detail of this section differs greatly from study to study 
and this, of course, depends on many factors including: the com-
plexity of the outcomes, the number of groups and the type of 
intervention performed. Regardless of the complexity of the 
design, this description should include the necessary amount of 
detail in order to favor reproducibility. Examples of such descrip-
tions are found in the article by Valen Sendstat et al.. [84] and in 
the article by Craft et al. [6]. Worth mentioning, the latter includes 
and analysis comprising several steps, variables and covariates. 
Indeed, the most complex analyses were described in studies with 
samples in which there was some kind of dose escalation. Especially 
in the ones in which dose escalation or dose titration was done 
within subjects.

As mentioned before, small samples were most frequently 
obtained in phase I trials. Data collected in these were mostly 
treated with descriptive analyses [18, 20, 45]—for safety out-
comes—or with nonparametric tests [17]. It was also frequent to 
find pooled data analyses [19] and logarithmic transformations 
[18] in order to address the main characteristic of small samples: 
nonnormal distributions.

Mixed effects models are becoming more frequent when ana-
lyzing data collected over a period of time, in which changes in the 
response or the relationship of the response to subjects’ character-
istics are suspected to affect outcomes. In fact, in AD research, 
given the duration of trials and sometimes blinding status, some 
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multivariate modeling is often necessary as to address confounding 
and effects of covariates. Cheng et al. [134] suggest a strategy for 
the construction of more accurate covariance models, key to the 
construction of mixed effects models, while aiming to minimize 
type I error (an error related to obtaining false positives). They 
suggest using two approaches: carrying out exploratory and confir-
matory analyses in a separate way—with different data sets—or by 
completely specifying the limited tests and the testing sequence 
while carrying out multiple comparisons to control type I error. 
Some examples of studies that used mixed effects models in the 
sample of our studies.

19 Limitations

Almost one third of the analyzed studies (N = 32) did not report 
any limitations of the trial. The readers of the articles are left to 
judge by themselves. Although this is a common trend [135], it is 
recommended that authors advance in efforts to recognize the 
weakness of their studies, thus guiding other research works on the 
shortcomings of applying results liberally while contributing to 
overcome common problems. Beyond limitations inherent to each 
study, there are other general pitfalls reported frequently. They are 
often related to the sample, the intervention, and the outcome.

The sample size was too small for one-third of the studies in 
our sample (N = 31). The well-known problem of a small sample 
size is often associated with the problem of the power. Studies with 
small sample size are often thought to lack power, but this is not 
always the case [136]. In fact, one of the trials had a small sample 
size, but was well powered [67]. On the other hand, five studies 
were not powered enough Regardless of power, small sample sizes 
limits generalizability; hence, power should be considered care-
fully. In some cases, subjects are chosen out of a convenience sam-
ple, meaning in turn, that it represented a group of selected 
motivated volunteers. Authors of one trial [6] cautioned for sam-
pling bias because, in this study, some individuals volunteered to 
undergo invasive procedures, thus, it was possible this subgroup 
was not representative of the entire sample. Furthermore, some 
studies recognized unbalanced groups in their baseline perfor-
mances (n = 4). Attrition was reported as a limitation by several 
studies of our sample; in particular, two RCTs remarked it was 
higher than expected [51, 55].

Another very important limitation in AD research is the 
assumption that all individuals experiencing cognitive decline have 
AD [65]. This was partially addressed in Sect. 9. In particular, the 
diagnosis of MCI remains controversial, as there is no consensus 
on the classification system and there are still doubts on the reli-
ability and the validity of the construct [70]. On the other hand, 
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there is great variability in the cognitive performance during the 
advanced stages of AD, many times, unrelated to treatment [90].

Regarding cognitive tests, ADCS-ADL may not be applicable 
in studies and populations across the world due to differences in 
daily living in practices of caregivers [36]. On the other hand, 
ADAS COG was developed to test the efficacy of Acetyl 
Cholinesterase Inhibitors (AChEIs) in subjects with AD, and has 
been used for different interventions [42]. This test has been used 
widely in the selected trials, including those that used interventions 
different from AChEIs. Furthermore, this scale is not as sensitive 
detecting changes in performance in mild AD subjects [14, 56, 
96]. These authors recognize the need for a more comprehensive 
assessment [46]. Similar limitations can be observed in the MMSE, 
which shows floor effects [36]. The rate of the decline in neuropsy-
chological function is variable [35] and could be a plateau of stabi-
lization of cognitive impairment [93, 103].

Additionally, the duration of the intervention is a critical vari-
able, especially when considering the safety, tolerability and effects 
of an intervention. The studies in our sample recognize as a limita-
tion the short duration of the intervention.

There are limitations that are not apparent at first, but are the 
product of keen observation from researchers. Two studies recog-
nized as a limitation the lack of information about decliners, 
patients who failed the screening and patients who dropped out 
early [46, 63]. Finally, another well-known limitation is the gener-
alization of the results from experimental to clinical settings [17]. 
Similarly, results from medical centers, might not be generalizable 
to other setting, such as primary care. As mentioned in the begin-
ning of this section, limitations may be general to the AD arena or 
particular to each study. What is important is to recognize and 
disclose these so as to not overestimate the results of a given study.

20 Conclusion

Researchers face several challenges when planning and conducting 
clinical trials in Alzheimer’s disease, which are directly associated 
with the nature of the disease and the stage of our understanding 
of it. AD is chronic degenerative disease with many components, 
for which current diagnostic criteria are still insufficient in terms of 
specificity and sensitivity [137]. It should be kept in mind that, 
even when a study’s goal is to assess a particular symptom of the 
disease, AD affects many aspects of the health, including not only 
memory and cognitive performance but also quality of life, mood 
and self-sufficiency. All these aspects deserve attention by research-
ers considering their populations while conducting specific inter-
ventions, and designing them. Furthermore, when defining the 
inclusion criteria for the population, too strict criteria yield to a 
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sample that is not representative of the real population. On the 
other hand, too broad criteria can lead to a nonspecific sample, 
including diseases with similar symptomatology. This selection 
needs to be balanced with the intrinsic aims of the study phase and 
its intended impact. Dubois and colleagues [137] suggested a 
series of biomarkers that can be used in conjunction with the clini-
cal NINCDS–ARDRA workgroup criteria. These can be imple-
mented in research, although feasibility may still be limited in some 
settings. The difficulties in diagnosis require a standard in the 
assessment: not conventional shared method AD leads to difficul-
ties in comparing the studies but also in difficulties in selecting 
homogeneous cohorts for the same study.

Regarding recruitment, in all stages of the disease, with special 
attention for advanced stages, it is important to consider the 
patients and their support system, the caregivers. Thus,  recruitment 
strategies and the methods to improve the adherence should be 
planned accordingly, for example providing attention, support, 
and educational interventions to the family. Another well recog-
nized challenge, especially in advanced phase trials, was the need to 
follow-up patients for a long period of time in order to evaluate the 
long-term effects of the intervention, taking into consideration the 
progressive character of the disease. This results in an increased risk 
of attrition, which can be high for longer studies. However, our 
data show that there are potentially successful strategies to enhance 
adherence. Once more, these strategies should involve not only the 
participants, but also the families/caregivers. About attrition, it is 
important to note that it should be expected and the sample size 
calculated accordingly, especially in studies with some kind of 
sequential design (e.g., dose escalation or adaptive designs) where 
there is a greater impact on statistical analysis as the groups are at 
greater risk of being unbalanced.

Furthermore, the conduction of multisetting—multicenter 
studies is suggested whenever possible, in order to convey efforts 
and share knowledge when possible. Also, multicenter studies in 
multiple countries may also improve the generalizability of results. 
Some studies mentioned limitations related to the generalizability 
of their samples, explaining that their resulting populations were 
very specific groups. This can potentially be improved by the 
implementation of multicenter and multi-country studies. Thus, 
resulting in samples that potentially include demographically 
diverse individuals. In fact, AD research usually requires a large 
sample given the small effect sizes being sought; thus, increasing 
costs and decreasing feasibility of further research. This is a prob-
lem that could be partially addressed with the development of sur-
rogate outcomes.

Finally, the elements in the CONSORT checklist are not 
addressed properly in the articles. This can be either due to incom-
plete planning during the design of the study, or to incomplete 
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reporting. The authors of this chapter strongly encourage the 
appropriate description of these elements in order to improve con-
duction of clinical trials in the present and to aid in the design of 
future studies. Particular attention should be paid to the descrip-
tion of the trial limitations, since no one better than the research 
team knows these particulars in detail.

Strong clinical research in AD is much needed in order to 
improve therapeutics for this condition, we hope this chapter was 
helpful for investigators to understand the number of challenges 
that can also be at the same time opportunities to develop novel 
clinical trials that will change the landscape of AD treatment in the 
future.
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Chapter 10

Tumors of the Central Nervous System

Aline Patrícia Briet, Beatriz Teixeira Costa, Isadora Santos Ferreira, 
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Abstract

Tumors of the central nervous system have a significant impact on the daily living of affected individuals 
and research studies on this field are essential for understanding their diagnostic techniques and therapeu-
tic effects. This book chapter discusses the findings of a review of the literature conducted in 2015 by using 
the database engine “Web of Science,” which searched for clinical trials in brain tumors published between 
2010 and 2015. The 90 most cited articles in this field were included in the review. Important method-
ological aspects of these trials are deeply explored in this chapter with the goal of improving the conduc-
tion of future research studies.

Key words Brain tumor, Brain neoplasm, Glioblastoma, Meningioma, Clinical trial, Review

1 Introduction

Tumors originated in the brain have a meaningful effect in the 
population due to their significant impact on mortality and mor-
bidity after diagnosis. Numerous types of brain tumors are often 
associated with a high rate of recurrence followed by an excessive 
disability rate. Moreover, the capacity of brain tumors (BTs) to 
directly influence physical, psychological, and cognitive status of 
patients highlights the importance of conducting clinical trials in 
this field. Indeed, research studies may allow a greater understand-
ing of the pathological aspects of brain tumors, also their diagnos-
tics and prognostics features.

Although BTs and other nervous system cancers are not the 
most prevalent in the world’s population, they account for at least 
1.4% of all new cancer cases in the USA, according to the National 
Cancer Institute. Considering all the primary Central Nervous 
System (CNS) neoplasms, the prevalence of primary BTs repre-
sents 85–90% among these cancers [1]. Additionally, there is a 
large variation in the prevalence and incidence among the various 
types of brain tumors and it directly depends on particular fea-
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tures, such as age of onset, tumor histology, and patient’s gender, 
race, and behavior. The survival rate of patients with brain cancer 
also varies according to the type of tumor, but it generally decreases 
with older age at diagnosis [2].

In 2016, the World Health Organization (WHO) presented 
the practical Classification of Tumors of the Central Nervous 
System, as an advance over the last version of 2007. The WHO has 
chosen to use molecular mechanisms in addition to histology to 
define the various brain tumor entities [3]. Hence, taking into 
account anatomical, histological, and molecular characteristics of 
brain cancers, it becomes possible to identify a wide variety of tumor 
entities. For instance, with this classification, meningiomas can be 
differentiated from gliomas and pituitary tumors. Also, glioblasto-
mas may be differentiated from other subtypes of gliomas.

Among the primary brain tumors, meningioma (MG) is the 
one with larger incidence in adults (~2 in 100,000) [4], account-
ing for 36% of these cancers [5]. Meningiomas are originated in 
the layers of tissue that cover the brain and spinal cord, called as 
meninges. Their prevalence in adults is difficult to estimate, as their 
lesions are usually asymptomatic and incidentally diagnosed [5]. 
Most meningiomas have a benign and slow-growing nature, usu-
ally not affecting nearby healthy brain tissue. Only 1–3% of these 
tumors have an aggressive nature and invade the brain, eventually 
spreading to other organs [1]. Additionally, there is approximately 
a 2:1 female to male predominance of meningiomas [5], possibly 
due to the fact that most of these tumors are progesterone- and 
estrogen-sensitive [6].

According to the WHO, meningiomas are mainly classified 
into three categories [7]: Grade I—slow growth and benign fea-
tures; Grade II—Atypical characteristics, which correspond to a 
mixed pattern of noncancerous and cancerous elements; and Grade 
III—Fast growing and malignant nature [8]. From these catego-
ries, meningiomas are also differentiated according to specific his-
tologic subtypes. Certainly, each of these types displays a particular 
behavior, clinical presentation and prognosis. Therefore, under-
standing how different types of meningiomas proliferate in the 
brain and respond to pharmacological or surgical therapies, has 
been a crucial challenge for clinical researchers.

Alike meningiomas, glioblastomas (GBs) are also widely inves-
tigated in research studies, due to their high incidence in adult 
populations. To date, these tumors correspond to the most com-
mon primary malignant BTs, causing at least 3% of all deaths 
cancer- related [8]. GBs account for at least 15% of all primary brain 
tumors in adults [5], but represent approximately 75% of all malig-
nant brain tumors together with other malignant gliomas. In addi-
tion, GBs have a poor overall survival rate, with only 0.05–4.7% 
surviving 5 years after diagnosis [9]. Due to these epidemiologic 
aspects of glioblastomas, there are several reports in the literature 
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assessing the behavior of these tumors, the most effective therapies 
and their effects on patients’ quality of life.

Research studies involving patients with primary brain tumors 
are usually focused on improving diagnostic, therapeutic, and 
prognosis estimation methods. As the affected population is sig-
nificantly heterogeneous, information on how to conduct clinical 
trials involving these patients is mandatory for improving daily 
clinical practice in oncology. Therefore, this chapter aims to review 
the most cited research studies of brain tumors in the literature, in 
order to guide investigators and gather useful information regard-
ing every step of oncology clinical trials. As meningiomas and glio-
blastomas are the most common adult primary brain tumors (36% 
and 15%, respectively) [5], this chapter exclusively focuses on these 
two types of cancer.

2 Methodology

A review of the literature was carried out through a comprehensive 
search of all Web of Science Database using the keywords: 
“Meningioma” or “Glioblastoma.” Only Randomized Clinical 
Trials (RCT) available between 2008 and 2015 were included in 
this review. Articles available before 2008 were not included due to 
the publication of the WHO Classification of Brain Tumors in 
2007. Also, research studies were excluded if they presented a dif-
ferent design rather than clinical trial and if they were not focused 
on assessing meningiomas or glioblastomas in the population.

Initially, a total of 46 clinical trials of meningioma and 311 of 
glioblastoma were found in the literature search (Fig. 1), of which 
26 and 231 were excluded, respectively. The goal was to include in 
this review the most cited clinical trials, which corresponded to a 
total of 90 articles. Hence, as there was a different proportion 
between meningioma and glioblastoma studies, only 20 out of 90 
were of meningioma and the remaining 70 were of glioblastoma.

3 Overview

The journals in which the articles of this review were published had 
different publishing policies. For instance, the majority of journals 
did not adopt CONSORT guidelines as a requirement to publish 
research studies. As mentioned in previous chapters of this book, the 
CONSORT (Consolidated Standard of Reporting Trials) is a crucial 
tool in clinical research, as it raises the essential criteria for conduct-
ing studies with high quality methodology and it guides investiga-
tors on reporting RCTs. Of those journals, only 12 (41%) used 
CONSORT as a prerequisite to the publication of articles. This 
information highlights that several clinical trials involving individuals 

3.1 Standardizing 
Trial Methodology
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with meningioma or glioblastoma have not been following report 
guidelines and thus may not present reliable results. Therefore, 
researchers conducting oncologic trials must be encouraged to 
adhere to CONSORT in order to show the best level of evidence.

Most of the articles included in this review were published in jour-
nals with low impact factor (IF) and there was no distinct pattern 
when comparing journals of meningioma and glioblastoma trials. 
Generally, the journals IF varied from 0.7 to 54.4 and the majority 
of them (53.3%) were under 5.0. In regard to meningioma trials, 
13 studies out of 20 were published in journals with an IF under 
5.0, while only 7 relied between 5.0 and 20. None of the journals 
for meningioma studies had an IF over 20, which may be directly 
related to their lack of adherence to CONSORT guidelines. 
Comparatively, most of the journals in which glioblastoma articles 
were published had an IF under 5.0, accounting for 50% of them. 
Additionally, an IF between 5 and 20 corresponded to a total of 28, 
while only 7 studies were reported in journals with an IF over 20.

The number of citations considerably varied between both 
types of brain tumor studies, which may be related to the satisfac-
tory methodology of a few trials, as well as to their relevance and 
adherence to CONSORT guidelines. It was notable that studies of 
glioblastoma presented a larger number of citations in comparison 
to meningioma studies. For instance, 28 out 70 glioblastoma trials 
(40%) had more than 100 citations, while all the meningioma stud-
ies had less than 50 citations. Besides the fact that numerous glio-
blastoma trials were cited more than 100 times, most of them 
(67.1%) had less than 50 citations.

Table 1 presents an overview of the 90 most cited clinical trials 
related to brain tumors, according to year of publication, study 
phase, sample size, type of intervention, number of citations and 
journal impact factor. Generally, looking at the articles, it is clear 
that most of the clinical trials of meningioma and glioblastoma are 
phase II studies, which means that they aim to evaluate the efficacy 
and safety aspects of a specific intervention. While assessing safety, 

3.2 Journals Impact 
Factor and Number 
of Citations

Articles included: N=90
20 meningioma trials and 70 glioblastoma

trials 

Initial search of the Web of Science
N=46 (meningioma) and N=311 

(glioblastoma)

Excluded: N=26 (MG)
                 N=231 (GB)

Fig. 1 Flowchart of article search methodology
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these trials mainly estimate the extent of adverse events over the 
study duration. Another important information extracted from 
Table 1 is that most studies evaluated the effects of a drug for treat-
ing meningioma or glioblastoma, instead of assessing a certain 
device or procedure. The importance and utility of pharmaceutical 
therapies for treating cancer, either alone or in combination, may 
justify the large amount of studies assessing drugs. The primary 
goal of these studies is to evaluate the chemical composition of 
drugs, their effects on cancer cells, usefulness in treating tumors 
and common side effects.

4 Trial Design

The most common design performed by the studies was a parallel 
design, varying only in regard to the number of study arms. A total 
of 23 articles corresponded to parallel two-arm studies, in which an 
intervention was compared to a placebo group or a standard ther-
apy. Only 6 out of the 90 trials used a three arms design, compar-
ing two different interventions or a combination of them. The 
remaining trials referred to one-arm design or failed to clearly 
report their design. There were no clinical trials with a crossover of 
factorial design.

In regard to the study phases, a greater number of articles corre-
sponded to phase II trials, accounting for 55.6% of all studies. The 
predominance of this type of design was evident in both meningi-
oma and glioblastoma studies (Table 2). This may be due to the 
constant need of introducing new therapeutic methods for brain 
neoplasms and consequently improving patient’s survival and qual-
ity of life. In second place, phase I trials accounted for 13.3%, while 
phase III corresponded to 11.1% of all studies. Accordingly, only a 
few research studies of brain tumors were conducted with a view to 
give a definitive judgment about how effective an intervention is. 
The lack of phase III studies of glioblastoma may be justified by 
the low overall survival of patients with this tumor, as these trials 
have a comparatively long duration and usually demand a larger 
number of participants.

Eight out of the 90 studies corresponded to phase I/II, in 
which investigators published the results of both phases I and II in 
the same study. In these phase I/II trials, the investigators mostly 
assessed safety parameters, dose escalation, and efficacy of an 
experimental drug. Furthermore, several trials did not specify or 
clearly stated the study design (14.4%), thus compromising their 
interpretation of the results.

An important aspect to highlight is the lack of phase IV studies 
in both types of brain tumors. This type of study design aims to 
assess long-term adverse events of an intervention after its approval. 

4.1 Phases 
of Meningioma 
and Glioblastoma 
Trials
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Table 1 
General characteristics of the clinical trials included in this review

N

Year
2008–2010 60
2011–2013 24

2014–2015 6

Phase
I 12
II 53
I and II 8
III 9
IV 0
NS 8

Trial design
RCT Parallel 2 arms 23
RCT Parallel 3 arms 6
RCT Parallel 4 arms 0
Single-arm 
nonrandomized

48

NS 13

Site
Single-center 53
Multicenter 37

Intervention
Device 0
Diagnostic methods 4
Drug 59
Procedure 20
Drug and procedure 7

Primary outcome
Clinical 63
Surrogate 16
Clinical and surrogate 11

Sample size
<50 55
51–100 15
101–500 14
>500 6

Number of citations
<50 47
50–100 15
>100 28

Impact factor
<5 48
5–20 35
>20 7
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Hence, phase IV trials are imperative to determine whether a given 
experimental drug may induce unexpected side effects in patients, 
even after successful research studies have proven its benefits. 
Accordingly, the lack of phase IV trials represents a remarkable 
issue, especially in neurology, as this reflects the limited advance on 
the approval of new therapies.

Meningioma and glioblastoma trials also varied in regard to the 
number of study sites. While single center trials were mostly per-
formed with a small sample size, multiple centers were applied in 
larger scale studies. Indeed, the decision of conducting a multi-
center trial is often related to the need of recruiting numerous 
participants or to the aim of achieving a more heterogeneous 
study sample. In this review, most clinical trials were single-center 
(58.9%), which complies with the larger number of small-scale 
studies. The remaining trials were multicenter and they recruited 
a sample size bigger than most single-center studies. For instance, 
a multicenter study of Tsien et al. [10] recruited a total of 209 
participants in order to assess early and late toxicities of treatment 
with carmustine, a chemotherapeutic drug, for glioblastoma. On 
the other hand, a single-center trial of Lee et al. [11] recruited 26 
patients and assessed tumor progression after treatment with telo-
zomide in glioblastoma patients. Furthermore, a shorter number 
of meningioma trials were multicenter (n = 4), in comparison to 
glioblastoma. For this type of brain tumor, 33 out of the 90 trials 
were multicenter.

5 Population

Choosing the population of a study is a critical step to conduct suc-
cessful research. In order to define a target population, numerous 
aspects must be considered, especially epidemiologic data about 
the disease on investigation. For instance, the usual age of the dis-
ease onset determines the average age of the target population. 
When conducting oncologic studies, as the population affected by 

4.2 Single Center 
Versus Multicenter 
Trials

Table 2 
Phases of trials for MG and GB

Meningioma Glioblastoma

Phase I Phase II
Phase 
I/II

Phase 
III NS Phase I Phase II

Phase I/
II Phase III NS

N = 2 
(10%)

N = 9 
(45%)

N = 1 
(5%)

N = 0 
(0%)

N = 8 
(40%)

N = 10 
(14.2%)

N = 44 
(62.8%)

N = 7 
(10%)

N = 9 
(12.8%)

N = 0 
(0%)

Not specified
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brain tumors is not homogenous in most circumstances, precise 
eligibility criteria must be established in order to recruit patients 
that truly represent the target population.

The articles of this review used different inclusion and exclu-
sion criteria for selecting participants. Also, there were only a few 
distinct eligibility criteria between studies of meningioma and glio-
blastoma. The articles of meningioma mostly included adult par-
ticipants over 18 years old (18%). About 30% of the meningioma 
articles (32.4%) included patients with a histological diagnosis 
while the other 67.6% used different methods to confirm such as 
image exams (CT and/or MRI) or included patients based on 
Karnofsky performance scores. Additionally, in a few articles 
(14.4%), patients with adequate renal, hematological, and hepatic 
function were also included. For instance, a study by Reardon et al. 
[12], required participants to have a histologically proven recur-
rent meningioma and a satisfactory renal function assessed by 
serum creatinine levels, among other criteria. Furthermore, a few 
studies applied the Karnofsky Performance Status Scale (KPS) as 
criteria to include/exclude potential participants. KPS is a com-
monly used method for assessing the amount of functional impair-
ment presented by patients. It is a subjective scale applied over the 
past 60  years, in order to evaluate the impact of a disease on 
patient’s daily life. Among researchers and clinicians, it is believed 
that KPS works as a meaningful scale to predict the prognosis and 
response to therapy. Patients with brain tumor that present a KPS 
score between 60 and 100 were generally considered eligible to 
participate in the studies [13].

Alike the criteria used in studies of meningioma, glioblastoma 
articles mostly included adults over 18 years old (67.5%), with a 
histological diagnosis (60.75%) and adequate renal, hematological, 
or hepatic function (51.75%). Additionally, a few trials of glioblas-
toma (16.7%) defined an acceptable life expectancy to allow 
patients’ enrollment, which varied from 8 weeks to 4 months. A 
study of Wick et al. [14], for instance, included patients with his-
tologically confirmed WHO grade IV glioblastoma and a life 
expectancy of at least 8 weeks. Another example includes the study 
of Brandes et al. [15], which enrolled patients who had a progres-
sive glioblastoma proven by imaging exam and a life expectancy of 
at least 3  months. The decision of admitting only patients over 
18 years old is potentially due to the fact that meningiomas and 
glioblastomas have a higher incidence in adult populations. These 
studies also considered KPS (52.88%) as eligibility criteria.

Another important challenge when conducting oncology 
research is to recruit patients who have a well-established diagnosis 
of cancer. To date, there are different histopathological, cytologi-
cal, and molecular methods that are essential in the diagnosis and 
estimation of cancers prognosis. Also, imaging exams, such as MRI 
and CT, play an important role in this process, although they are 
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usually not able to establish a definitive diagnosis. Indeed, the con-
firmatory diagnosis of brain tumors is usually obtained after a his-
tological examination of the tumor through directed biopsy or 
mass removal in surgical procedure.

6 Interventions

The treatment of brain tumors directly depends on their histo-
logical type, size, and location, as these aspects define tumor’s 
severity and propensity to respond to a given therapy. There are 
numerous therapeutic methods available to patients, each of 
them being specific to a certain type of brain tumor. Hence, the 
particularity of each treatment demonstrates the usefulness of 
clinical trials investigating their proper effects and indications. 
In this review, the studies investigated different interventions, 
which included pharmaceutical drugs, diagnostic methods, 
therapeutic procedures, or a combination of these. The majority 
of the trials (65.5%) chose to evaluate pharmacological treat-
ments, testing different drug dosages and administration 
schemes. In second place, therapeutic procedures, such as radia-
tion therapy, were also explored by several studies, accounting 
for 22.2% of the total amount. Diagnostic methods were used as 
an intervention in only four studies, which basically assessed 
imaging exams and predictive biomarkers.

The treatment of meningioma is commonly based on surgical 
removal of the tumor followed by radiotherapy, combined or not 
with chemotherapy in case of recurrence or incomplete resection 
[16]. Accordingly, as observed in Table 3, most meningioma clini-
cal trials assessed the efficacy of therapeutic procedures (50%), such 
as fractionated stereotactic radiotherapy (FSRT). For instance, a 
study of Combs et al. [17] used FSRT and ion carbon radiation 
therapy as interventions and assessed patients overall survival after 
these treatments. Although 40% of meningioma trials explored the 
effects of pharmaceutical drugs, only two studies assessed imaging 
diagnostic methods.

Table 3 
Interventions applied in GB and MG trials

Drug
Diagnostic 
methods

Therapeutic 
procedures

Drug + therapeutic 
procedure

Meningioma N = 8/40% N = 2/10% N = 10/50% N = 0

Glioblastoma N = 51/72.9% N = 2/2.9% N = 10/14.2% N = 7/10%
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Similar to meningioma studies, the majority of glioblastoma 
articles (72.9%) investigated safety and efficacy of pharmacother-
apy. According to Hottinger et al. [18], the combination of radio-
therapy and chemotherapy has become one of the first-line 
treatments for glioblastoma, which agrees with the large number 
of studies being conducted on chemotherapeutic drugs. Notably, 
patients with glioblastoma are mostly treated with radiation and 
pharmacotherapy, instead of surgical removal, possibly due to the 
usual malignant nature of this tumor. A few trials chose to evaluate 
a combination of treatments, such as pharmaceutical drug plus a 
therapeutic procedure. A study of Stupp et al. [19], for example, 
compared standard radiation therapy (SRT) alone with a combina-
tion of Temozolomide plus SRT. Also, a study of Malmstrom et al. 
[20] investigated a combination of interventions, comparing 
Temozolomide vs. SRT vs. hypofractionated radiotherapy. An over-
view of the interventions used in the clinical trials of this review is 
presented in Tables 4 and 5.

Table 4 
Primary outcomes used for GB and MG trials

BT
Primary outcomes Glioblastoma (%) Meningioma (%)

PFS 30 30

Overall survival 24.28 10

Tumor progression/response rate 12.85 25

Maximum tolerated dose 4.28 5

Table 5 
Secondary outcomes GB and MG trials

BT
Secondary outcomes Glioblastoma (%) Meningioma (%)

PFS 21.42 5

Overall survival 28.57 25

Tumor progression/response rate 21.42 20

Toxicity 25.71 20

Safety 20 25

Quality of life 12.85 –

Side effects 4.28 –
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7 Outcomes

There is a wide variety of primary endpoints commonly used in clini-
cal trials, especially in the oncology field, as each type of cancer has its 
particular features. Besides the large number of alternatives, carefully 
defining the primary outcome of a study is essential for acquiring 
meaningful and significant results. In this review, most articles chose 
tumor shrinkage in response to treatment (n = 19), progression-free 
survival (n = 27) and overall survivor (n = 19) as their primary out-
comes. Additionally, a few studies also analyzed two aspects, such as 
progression-free survival and overall survivor (n = 11) combined. For 
instance, Minniti et al. [21] defined tumor control according to MRI 
results and overall survival as the main outcome, while Stummer et al 
[22] described their primary outcome as radiographic complete 
resections (CRs) and 6-month progression-free survival.

Regarding brain tumors studies particularly, the selection of a 
precise and correct primary outcome is directly related to the type 
of cancer being investigated. As glioblastomas are associated with a 
higher mortality rate when compared to meningiomas, their stud-
ies often investigate survival: either progression-free (PFS), overall 
survivor or both. Within the 90 studies reviewed, 48 were related 
to glioblastoma and referred to survival as the primary outcome. 
On the contrary, only nine meningioma studies mentioned PSF, 
overall survivor or both as their main outcome. However, it is 
important to notice that the percentage of PSF in both glioblas-
toma and meningioma corresponded to 30% (Table 4).

As cancer progression represents a major threat for patient’s 
quality of life and survival, researchers believe that these outcomes 
provide valid and useful information to the oncology practice. 
Following the same reasoning, the use of PFS and overall survival are 
also believed to be important outcomes in oncologic studies, as 
improving life expectancy of patients with specific treatments is one 
of the primary concerns of oncologists. Indeed, as Venok et al. [23] 
stated in their study, the longer the progression of cancer, the longer 
may be a patient’s life. Furthermore, as most brain tumor studies cor-
respond to phase I and II trials and are especially focused on safety, 
the most common outcomes are related to this topic. For instance, a 
few studies assessed the toxicity of the intervention under investiga-
tion (n = 22), although these were mostly used as one of the second-
ary endpoints. Also, a minority of studies used the maximum tolerated 
dose as the primary outcome, which shows, once again, a main focus 
on assessing the safety aspects of an intervention (Table 6).

Regarding the primary outcome, an impressive 70% of the 
studies presented clinical endpoints, while 17.7% used biomarkers 
and 12.2% chose both clinical and surrogate outcomes. However, 
when analyzed individually, only one meningioma study used a 
clinical outcome, which was conducted by Sluzewski et al. [24] 
and only one glioblastoma study [25] used a surrogate outcome 
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as the main endpoint. Therefore, it is possible to conclude that, in 
this review, most primary outcomes in meningioma and glioblas-
toma studies were surrogate and clinical, respectively.

Finally, the most commonly used secondary outcomes were 
overall survival (n = 25), toxicity (n = 22), safety (n = 19), and PFS 
(n = 16). In articles of glioblastoma, the most frequent used sec-
ondary outcome was overall survival (28.57%), followed by toxic-
ity (25.71%). Some examples are Jonhson et al. [26] who described 
PSF and overall survivor as their secondary outcome, Izumoto 
et al. [27] who analyzed hematological and nonhematological tox-
icity, and Hasselbalch et al. [28] who investigated skin toxicity. On 
the other hand, studies of meningioma mainly used overall survival 
(25%), safety (25%), tumor progression/response rate (20%), and 
toxicity (20%) as confirmed by Table 7. For instance, Kreissl et al. 

Table 6 
Stoppage criteria

Stoppage criteria Glioblastoma (%) Meningioma

Toxicity 27.14 35%

Disease progression 4.28 5%

Side effects 1.42 5%

Death 21.42 NA

Safety 5.71 20%

Not specified 40 40%

NA not available

Table 7 
Statistical analysis

Primary outcome Glioblastoma Meningioma

Survival analysis 82.86% 50%

T-test 4.28% 20%

Wilcoxon NA 5%

Chi-square 1.42% 10%

Fisher 1.42% 5%

Pearson correlation 1.42% NA

Spearman correlation NA 5%

Linear regression 2.85% NA

Logistic regression 2.85% NA

Kruskal–Wallis 1.42% NA

Not specified 11.14% 15%
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and Trippa et al. [29, 30] both described safety and side effects as 
their secondary outcomes. In addition, no meningioma studies 
mentioned quality of life or safety as secondary outcomes.

8 Sample Size

The sample size of clinical trials directly depends on study design 
and particular parameters, such as statistical power, acceptable level 
of significance, and expected effect size. These parameters must be 
clearly defined during the study planning as to ensure reliable sam-
ple size estimation. Also, researchers must clearly report in articles 
the methods and estimated measures applied to calculate sample 
size, in order to guarantee that their calculation is reproducible. In 
other words, any other investigator must be able to recalculate a 
study sample size, thus verifying researcher’s estimation.

In this review, many studies did not report which parameters 
were applied to calculate the sample size. The lack of this informa-
tion makes it difficult to reproduce the calculations and decreases 
the trial’s validity. A total of 40 clinical trials failed to report sample 
size calculation parameters, accounting for 44.5% of the studies. In 
regard to the remaining articles, some of them stated which level 
of significance were used (37.8%) and a few reported the statistical 
power (28.9%). In general, there was a variety of alpha values used 
in the studies. While 24 trials applied an alpha-level of 0.05, 7 used 
α = 0.1 and the remaining three use alpha equals to 0.025 or 0.55. 
Taal et  al. [31], for instance, achieved a total of 44 patients per 
group based on an α and 𝛽 of 0.1. The trials that applied alpha as 
0.05 varied concerning interventions and outcomes, however, 
most of them assessed pharmaceutical drugs and used overall sur-
vival, PFS, and radiographic response rate as outcomes.

In addition, most trials considered 90% a reasonable study 
power, while 80% was the second most applied. Other power val-
ues also used in these trials were 82%, 85%, 88%, and 92%. There 
was no considerable difference between glioblastoma and menin-
gioma articles concerning the use of different power values.

As most of the studies corresponded to phase I and II trials, 
the studies’ sample sizes were mostly small to moderate and varied 
from 7 to 833. Indeed, there were only 20 studies with a sample 
size over 100 patients, which complies with the small number of 
phase III trials of both meningioma and glioblastoma. Thus, most 
studies achieved a sample size under 100 patients (n = 70), and, 
from these, 55 trials had a sample size <50 (61.11%).

By analyzing meningioma and glioblastoma trials separately, 
it is worth mentioning that the most observed sample size was 
also under 50 (meningioma: 80%; glioblastoma: 55.71%). 
Although six glioblastoma trials presented a sample size over 500 
(8.57%), no meningioma studies had a similar or an equivalent 
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sample size. This could also be related to the fact that most stud-
ies included in this review corresponded to phase I and phase II 
trials. Therefore, there is still a lot of information to be collected 
on both conditions as to allow researchers to develop following 
phases of clinical trials.

9 Interim Analysis and Stoppage Criteria

Although an adequate statistical analysis may provide evidence that 
the trial is headed towards the right direction, the monitoring pro-
cess goes beyond statistical warnings for stopping a study. In fact, 
the superiority/inferiority of a trial has an important influence and 
many different factors should be accounted for in order to prevent 
possible harm of the subjects involved in research studies.

Generally, some of the circumstances that could lead to stop-
ping a trial are poor data quality, poor adherence, lack of resources, 
severe adverse effects, fraud and the discovery of new information 
that might question the relevance or ethics of the study. As the 
entire process is not easy and objective most of the times, the deci-
sion usually lies with an independent data monitoring committee 
which uses a prespecified statistical stopping method as to reach a 
decision. The most common stoppage criteria overall in both glio-
blastoma and meningioma trials were toxicity (28.88%) and death 
(16.67%). However, when analyzed individually, there were no 
meningioma studies, which reported death, as listed in Table 8. In 
addition, the most common stoppage criterion in both was toxicity 
and the percentage between disease progression and side effects in 
meningioma studies was the same (5%).

Carpentier et  al. [32] mentioned a few not commonly used 
stoppage criteria, such as inefficacy (if the estimated success rate was 
<15%) and futility, if the expected gain from further inclusions in 
the reliability of the estimated success rate was 0.05 or less. Butowski 
et al. [33] also stated that “If there was a greater than 20% rate for 
discontinuation of poly-ICLC during RT, the study was to stop and 
the design reassessed.” On the other hand, Malmström et al. [20] 
described more than one aspect in terms of stoppage criteria, such 
as radiological progression, clinical progression, both radiological 
and clinical progression, unacceptable adverse effects, or until a 
physician or patient chose to discontinue treatment.

One alternative in terms of monitoring is doing an interim 
analysis, which consists in conducting a data analysis before data 
collection has been completed. Malmström et  al. [20], for an 
example, performed two interim analyses to enable exclusion of a 
treatment group if results were inferior to the two others at a 1% 
level. If an investigator plan on doing this type of analysis, the 
statistical stopping approach should be prespecified in the proto-
col and, preferably, it should be conducted by an independent 
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trial statistician. For instance, besides also planning two interim 
analyses, Chinot et al. [34] stated that the real-time monitoring 
of safety events was overseen by an independent data and safety 
monitoring board. However, a transparent reporting rarely hap-
pens and, when it does, a lack of information is commonly 
noticed. In this review, 40% of the studies did not report the 
stoppage criteria, 7 studies of meningioma and 28 of glioblas-
toma. As a result, investigators and even readers remain unaware 
of these statistical aspects.

Therefore, both investigators and readers should be attentive 
for reporting the interim analysis and for unreported interim analy-
sis, respectively. Poor reporting might camouflage the interim 
looks that the investigators did and influence sample size calcula-
tion, p value and other different aspects of the study.

10 Statistical Analysis

The statistical analysis of a clinical trial corresponds to one of the 
most important steps towards finding whether a certain interven-
tion has shown positive results or not. In fact, it allows a researcher 
to either reject or confirm the null hypothesis, by analyzing pat-
terns and trends of a specific sample and providing interpretable 
data. Although this element has a high importance and most stud-
ies do report which statistical tests were used in their analysis, sev-
eral researchers are still hesitant and indecisive about choosing the 

Table 8 
Statistical analysis

Secondary outcome Glioblastoma Meningioma

Survival analysis 52.87% 30%

T-test 2.85% 10%

Wilcoxon 5.71% 5%

Chi-square 2.85% 5%

Fisher 2.85% NA

Pearson correlation 1.42% NA

Spearman correlation NA 5%

Linear regression NA NA

Logistic regression NA NA

Kruskal–Wallis 1.42% NA

Not specified 38.57% 50%

NA not available
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most appropriate statistical test to match the characteristics of the 
sample, the variables being analyzed, the study design and the con-
dition under investigation.

Overall, a great number of studies properly reported their sta-
tistical analysis and which test was used in their hypothesis testing. 
Among all the tests used, some were more common than others 
such as survival analysis, t-test, Wilcoxon, and chi-square. 
Regarding the primary outcome of meningioma and glioblastoma 
trials, 75.56% performed a survival analysis and, of these, 73.34% 
used a Kaplan–Meier curve. On the other hand, although several 
trials reported all the necessary information about the statistical 
analysis of primary outcomes, 12.22% of them did not provide suf-
ficient or any information.

As to secondary outcomes, in general, the most used statistical 
test was survival analysis (47.77%) as well, followed by Wilcoxon 
test (5.56%), T-test (4.45%), chi-square (3.33%), and Fisher exact 
test (2.22%). Some other tests were also mentioned, such as 
ANOVA, Spearman correlation, Pearson correlation, and Kruskal–
Wallis. In addition, 41.11% of them failed to mention the necessary 
information about this topic.

Most MG trials reported the statistical test for both primary and 
secondary outcomes. In terms of the primary outcome, from 20 
MG trials, 50% performed a survival analysis, thus corresponding 
to the most used statistical test. Of these, ten trials used the Kaplan–
Meier curve to assess and represent the data collected, two the 
log-rank test, and two the Cox proportional hazard model. In 
addition, four studies used a t-test, and two the chi-square test, and 
a few studies mentioned the binomial test, Spearman test, Wilcoxon 
test, and Pearson correlation (Table  7). Some studies, however, 
failed to provide specific details about this section, which corre-
sponded to 15% of the MG trials.

Considering the 70  GB trials, an impressive 82.86% corre-
sponded to survival analysis, from which 80% also mentioned a 
Kaplan–Meier curve, 31.42% the log-rank test, and 18.57% the 
Cox proportional hazard model. Gilbert et al. [35], for instance, 
estimated overall survivor and progression-free survivor by using 
the Kaplan–Meier method, and the differences between treatment 
groups were tested by using the log-rank test. Also, the Cox pro-
portional hazards model was used to estimate the treatment hazard 
ratios (HRs) associated with each endpoint while adjusting for 
stratification factors. A few other studies also performed the 
Wilcoxon test (4.28%), a linear regression (2.85%), and a logistic 
regression (2.85%). Different tests such as Pearson correlation, 
Kruskal–Wallis, Fisher, and chi-Square were also used, however, in 
a smaller frequency (1.42%).

Finally, eight GB studies did not properly discuss the statistical 
analysis process, corresponding to 11.14% of the trials. Due to the 

10.1 Primary 
Outcome
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importance of this topic, especially in regard to the primary out-
come, this percentage corresponds to a concerning number.

The most used statistical test for the analysis of the secondary out-
come also corresponded to survival analysis. From the six trials that 
chose this method, 100% used the Kaplan–Meier curve, two trials 
used the log-rank test and two used the Cox proportional hazard 
model. Moreover, two studies used the T-test and a few mentioned 
the Spearman test, Wilcoxon test, and chi-square (Table 8). For an 
example, Sluzewski et al. [24] used a chi-square test for comparing 
proportions and an unpaired T-test for comparison of means. 
Differently from the primary outcomes, 50% of the MG studies 
failed to mention how the analysis of the secondary outcomes was 
performed and which test was used.

According to Table 8, the secondary outcomes of GB trials were 
mostly analyzed through survival analysis, which corresponded to 
52.87% of the trials. Additionally, 42.85% of these trials also used a 
Kaplan–Meier curve, 22.82% performed a log-rank test, and 7.14% 
adopted a Cox proportional hazard model. For instance, Gorlia 
et al. [36] performed a log-rank test for binary variables, and log-
rank trend test for ordered categories. Some other statistical tests 
were also mentioned, such as Wilcoxon (5.71%), T-test (2.85%), chi-
Square (2.85%), Fisher (2.85%), Kruskal–Wallis (1.42%), and 
Pearson correlation (1.42%). On the contrary, 38.57% of the trials 
did not specify how the statistical analysis was conducted.

11 Randomization

According to the basic concepts of RCTs, the randomization pro-
cess is one of the primary steps towards the achievement of excel-
lence and high methodological standards in clinical research. It is 
considered a respected and trustworthy bias-reducing technique as 
it has the unique capability of assigning participants by chance, 
rather than by choice. Thus, it allows the use of probability theory 
to demonstrate whether a cause–effect relation truly exists.

Indeed, there are several numbers of benefits when it comes to 
randomization and allocation concealment. However, these aspects 
still remain one of the least-understood elements of a trial. 
Depending on the circumstances and ethical aspects involved, ran-
domizing and concealing the allocation of participants may not be 
an easy task. For instance, as brain tumors are a life-threatening 
condition and the best specific treatment is not always clear, find-
ing new interventions which are able to control its growth and 
thus conducting new trials with that aim not always allow an ade-
quate randomization process.

Regarding GB trials, 26 studies (n  =  25/37.14%) were not 
clear about the randomization process or did not specify it and 31 

10.2 Secondary 
Outcome
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(n = 30/44.28%) were not randomized. On the other hand, there 
were 13 randomized studies (n  =  13/18.57%) in which partici-
pants were assigned to two or more groups, either receiving differ-
ent types of drugs, different combinations or different drug 
dosages. In one of the trials, for instance, patients were random-
ized in a 1:1:1 ratio to receive bevacizumab as a single agent, 
lomustine alone, or bevacizumab and lomustine combined [31]. 
Chinot et al., however, conducted a phase III trial in which patients 
were randomly assigned, in a 1:1 ratio, to bevacizumab or placebo 
[34]. Some other trials also mentioned block randomization [20], 
stratification [34], and stratification plus randomly permuted 
blocks method [35].

Within MG trials, 14 (n = 14/70%) were not clear about the 
randomization process or did not specify it. In five trials (n = 5/25%), 
randomization was not applicable (three open labels, one conve-
nience sampling, and one consecutive sampling) and, finally, there 
was only one randomized trial, which opted for one of the most 
commonly used randomization method: Simple randomization 
1:1. In this trial by Tang et al. [37], 232 random numbers were 
sorted from least to greatest. The first 116 patients were enrolled in 
the active group and the remaining ones to the Control Group, 
thus every patient obtained a random number upon admission.

In terms of the chosen methods to generate the randomization 
sequence, most trials did not properly mention how the generation 
was conducted or failed to mention completely. No studies of MG 
and only 4.28% of GB provided this information. In one of the trials 
by Malmström et al., patients were assigned according to a com-
puter-generated randomization schedule, stratified by center [20]. 
In addition, Chinot et al. [34] randomized patients with the use of 
an interactive voice-response system, with stratification according 
to study region (Western Europe, Eastern Europe, Asia, USA, or 
other) and recursive partitioning analysis class (III, IV, or V).

12 Blinding

According to CONSORT guidelines, clinical researchers should 
clearly report the blinding type applied in the study (single-, double- 
or triple-blinded) and state who in the trial was blinded and how [1]. 
Although this is an evident requirement, numerous studies fail to 
report the blinding process and to define whether patients, study 
assessors and/or data analysts were blinded. To that end, the study 
validity is commonly affected if blinding information is not well 
described in articles, which compromises the reliability of results.

In this review, a large number of clinical trials used an open- 
label design (57.8%), in which neither patients nor study assessors 
are blinded. The predominance of open-label studies comprises 
with the large number of phase I and II trials observed in this 
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review. Although the report of blinding aspects is mandatory, a 
significant amount of the trials (30%) did not provide any infor-
mation about the blinding type or main strategies applied to 
ensure blinding. The remaining trials were double-blinded, 
accounting for 10% of the articles, and only two studies were sin-
gle-blinded. The predominance of double-blinded trials over sin-
gle-blinded is also often observed in research studies of other 
medical fields, as double blinding is more efficient than single 
blinding for preventing potential biases. There were no triple-
blinded clinical trials of meningioma or glioblastoma.

Particularly referring to meningioma studies, the majority of 
them failed to discuss practical aspects of the blinding process 
(85%), such as blinding type and assessment strategy. In addition, 
among these trials, only one article reported a double-blind 
design, in which the investigators estimated progression-free sur-
vival in patient receiving interferon alpha over a 6-month period 
[38]. Furthermore, out of the 20 meningioma articles, only 2 
studies used an open-label design, including a study of Johnson 
et al. [26] that assessed radiographic response rate in patients who 
received subcutaneous octreotide for 6 months or more. Due to 
the lack of blinding report in these trials, no further conclusion in 
this regard could be made.

Differently from meningioma studies, most of the glioblas-
toma clinical trials reported the blinding type, which corresponded 
to open-label, accounting for 72.9%. In second place, double-blind 
studies corresponded to 11.4% of the 70 glioblastoma trials, fol-
lowed by single-blind, which accounted for 2.85%. There were no 
triple-blind studies in this review. Moreover, 12.8% of glioblastoma 
trials did not further describe blinding information, such as treat-
ment characteristics (drug color, odor, taste and administration) 
and allocation concealment. Also, blinded trials failed reporting 
whether or not blinding was successful.

13 Study Duration

There was a significant variation regarding the duration of each 
trial and no specific pattern was identified in this review neither to 
meningioma nor glioblastoma studies. This disparity may be due 
to diverse reasons, such as the constant development of new proto-
cols; researchers’ concern about safety aspects of the intervention; 
and different designs in each study. In this review, as there was a 
predominance of phase II trials, the duration of the studies mostly 
varied from 1 to 12 months. Also, few studies had a longer length, 
during more than a year, although the study phases and type of 
outcome did not significantly vary.

According to Fig. 2, the majority of the trials had a total dura-
tion of less than 6 months, accounting for 52.2% of the 90 articles. 
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Besides that, multiple studies were conducted over a period of 
6–12 months, corresponding to 27.8% of the total. A shorter num-
ber of studies was conducted during a period of longer than 
12 months (15.6%), which comprises with the predominance of 
phase I and II trials. For instance, a phase II study of Maier-Hauff 
et al. [39] assessed the effects of intratumoral therapy in patients 
with glioblastoma over a period of 13 months.

In articles of glioblastoma, the follow-up duration was related 
to the time required for performing the intervention (procedure or 
device) or assessing the drug efficacy/safety (commonly up to 
36 months). A study of Hasselbach et al. [28] is an example, as 
patients received either cetuximab plus bevacizumab or cetuximab 
plus irinotecan and the followed period varied from 7 to 25 months. 
Moreover, while investigating drug effects, researchers mostly 
focused on the number of treatment cycles, which varied from 1 to 
6 cycles, in order to define study duration. The average acceptable 
cycles duration used in the clinical trials was 4 weeks (28 days). A 
study conducted in 2014 [40], for instance, evaluated the effects 
of 1–8 cycles of octreotide, each with a total duration of 28 days.

The studies of meningioma presented similar characteristics to 
glioblastoma studies. However, there was a significant difference 
regarding the most applied follow-up duration, which was up to 
72 months, instead of 36 months, as observed in glioblastoma tri-
als. In general, there was not standard criteria in regard to number 
of visits and time points, as each study followed its own protocol. 
Nonetheless, in studies evaluating pharmacotherapy, risk of toxic-
ity and serious adverse events considerably influenced the total 
number of study visits.
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14 Limitations

In spite of having a strong design or excellent statistical results, any 
researcher is susceptible to face unanticipated factors, which might 
affect the study somehow. As to address these factors, such as a lack 
of adherence, a high dropout rate, or being too population- specific, 
it is fundamental that the researcher acknowledges them, which is 
not always the most common. Consequently, a detailed report 
 followed by an explanation of what was done or what could have 
been done, in order to prevent the limitations from happening, are 
also of most importance. In fact, besides all that information, the 
investigator must describe to the readers how the limitations 
impacted or influenced the interpretation of findings.

In our review, 50% of both glioblastoma and meningioma trials 
did not mention any limitations nor challenges faced during the 
entire process. Therefore, it becomes hard for readers to know 
whether or not there were any limitations or if researchers just 
failed to mention them. In case the second option was true indeed, 
the interpretations of the results might alter as well as the conclu-
sions drawn from a specific study.

Regarding the articles that did mention their limitations, most 
of them were related to the lack of previous studies to which the 
results could be compared; a short follow-up period; heterogeneity 
among groups, which may have led to confounders and possible 
biases; limited external validity; small sample size; and, in case of 
MG trials, histological grade of meningiomas (grade I, II, and III). 
Johnson et al. [26], in their phase II meningioma trial, reported 
their population consisted primarily of patients with aggressive 
tumors and, therefore, may not reflect the general population of 
patients. Additionally, they reported a small sample size, which 
might have affected the statistical power of the study. Simó et al. 
[40] also reported that the population’s characteristics were a limi-
tation given its heterogeneity. Finally, Minniti et al. [21] mentioned 
the relatively short follow-up as a clear limitation of the study.

One limitation commonly mentioned in GB trials was the het-
erogeneity of recurrent glioblastomas and malignant brain tumors 
in general, and how this may affect the patient’s response to the 
intervention. However, according to 17.14% of the glioblastoma 
studies, the most cited limitation was a small sample size, which 
may have resulted in a smaller statistical power. Other studies, 
such as the one conducted by Iwamoto et al. [41], also referred to 
the difficulties in translating laboratory findings to clinical studies 
due to the limitation of commonly used glioma preclinical mod-
els. As some of the meningioma studies, the phase II glioblastoma 
trial by Desjardins et al. [42] also referred to the heterogeneity of 
the population as their limitation.
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Overall, the most common limitation of both meningioma 
and glioblastoma trials was the heterogeneity of the popula-
tion and the restricted sample size. In addition, it was notice-
able an intriguing lack of reporting and discussion towards the 
studies limitations and of how they could have affected the 
results. As most guidelines encourage authors to describe the 
main pitfalls of the study, investigators should take an extra 
effort to discuss not only the results but also the difficulties 
they faced so as the problems can be addressed and possibly 
solved in future studies.

15 Conclusion

In spite of how complex brain tumors are, different types of treat-
ment are available for patients with GB and MG. Some treatments 
are considered standard, such as chemotherapy, and some are still 
being tested in clinical trials. Consequently, many of those trials 
intend to help deepen the investigation of current treatments or to 
obtain accurate scientific information on new treatments in order 
to improve patient’s quality of life. Their importance is undeniable; 
however, when it comes to brain tumors, conducting research is 
still a challenging task. Whether it is the small number of patients, 
the unique response to a certain intervention or the lack of infor-
mation available in the literature, investigators often face several 
difficulties.

Although there was a distinctive variation among most study 
designs and interventions given the variation of types, adminis-
tration and combination between therapies, the outcomes over-
all were very similar. Indeed, progression-free survival, tumor 
response rate and toxicity were commonly observed in both 
meningioma and glioblastoma trials. Most studies corresponded 
to phase II trials, and thus there is still a lot of information to be 
gathered and data to be collected in order to obtain approval for 
new therapies.

In addition, when researchers do develop trials, they com-
monly do not report all the required information to a proper 
 interpretation of the results, or even fail to mention it completely. 
As a result, the planning of future studies is compromised, as 
researchers have restricted information to rely on. Hence, it is fun-
damental that investigators are able to overcome limitations, pro-
mote critical thinking, and provide a detailed report of vital 
information as to improve health care.
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Spinal Cord Injury
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Abstract

This book chapter discusses detailed aspects that were analyzed regarding the design and methodology of 
110 most highly cited clinical trials in Spinal Cord Injury. The aim of this book chapter is to provide the 
reader a summarized analysis of detailed aspects of clinical trial design in this group of population in order 
to optimize the development of future trials. A literature search was performer utilizing the search engine 
“web of science” in order to collect the data of the 110 most cited articles in SCI for the last 10 years. A 
detailed discussion based on the criteria of the consort guidelines is provided with the most common 
findings as well as suggestions for the improvement on the design of future SCI clinical trials.

Key words Spinal cord injury, Methodology, Clinical trials in neurology, Scientific research, 
CONSORT guidelines

1 Introduction

In spinal cord injury (SCI), a lesion in the spinal cord pathways 
due to a traumatic (fracture or a dislocation) or degenerative (i.e., 
infection, cancer, metastatic, etc.) process [1–3] may cause a vari-
ety of symptoms ranging from motor to sensorial to autonomic 
deficits. The level and extension by which spinal tracts are affected 
determine the severity of these deficits [4–7]. When there is a total 
absence of sensory and motor function in the lowest sacral nerves 
(S4 and S5) it is known as a complete lesion while in an incomplete 
injury there is partial function preserved in the same segments of 
the sacral spinal cord [8, 9].

SCI is a disease with a major worldwide impact. According to 
the NIH, the prevalence of SCI in the USA is approximately 
250,000, with an incidence of approximately 12,000 cases per year. 
Approximately, 90% of the causes of SCI are due to a traumatic 
injury [5, 10]. Vehicle accidents represent about 36.5% of the 
cases, followed by around 25% due to falls and the remaining of 
them due to violence [1]. Among the affected population 80% are 
men. The US health care system spends more than three billion US 
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dollars a year in the management and rehabilitation of patients 
with SCI [1] (WHO). Moreover, the lack of reporting in developing 
countries signalize for an even higher impact of SCI worldwide.

As the world evolves and the rates of life expectancy increase 
among all the population, the prevalence of patients with spinal 
cord injury increase proportionally and the number of years 
that the injured patient will live with all the sequels raise rapidly; 
therefore, giving critical importance to the developing of adequate 
clinical trials for the treatment and specially rehabilitation post SCI.

2 Challenges Faced in Clinical Spinal Cord Injury Trials

Due to the wide variety mechanisms of trauma or degeneration of 
a spinal cord injury there are specific challenges that a researcher 
may face to develop a valid clinical trial. We described below some 
challenges regarding the design and execution of clinical trials in 
SCI patients:

 1. Sample—After a traumatic injury, the vast majority of SCI 
cases happen due to an uncontrolled accident resulting in mul-
tiple kinds of lesions such as cavitations, bone fragmentation, 
root avulsion, spine dislocation, vascular damage, or spine frac-
ture. This heterogeneity can be a challenge since it leads to 
important difficulties to generalize and analyze this group of 
participants[11]. It also in some cases combines with lesions in 
other levels of the neuroaxis such as brain structures.

 (a)  Outcome—The lack of surrogate functional endpoints is 
another challenge to design a trial in SCI. Although mag-
netic resonance imaging (MRI) is one of the best tools to 
diagnose and assess structural changes in patients with SCI, 
this technique is still considered a poor predictor of out-
come [11]. Functional neurophysiological markers such as 
fMRI and EEG have not been developed for spinal cord.

 (b)  Blinding—blinding is an important issue, especially due to 
the type of intervention required (usually surgery proce-
dure) what makes more difficult for the investigator to be 
blinded [11].

These aspects can make the design and implementation of a study 
in SCI highly variable. Moreover, in the past years a few preclinical 
trials were successfully translated into efficacious clinical trials in 
SCI subjects. Among those, just one was able to show that meth-
ylprednisolone given between the first 8 h post injury had statisti-
cally significant efficacy to treat SCI; however, it is not currently 
accepted as standard of care worldwide [11].

It is critical therefore prior to starting a trial to have a clear and 
valid hypothesis, primary endpoint, and adequate inclusion and exclu-
sion criteria to select the most representative SCI population that can 
give a generalized idea of the global population affected [12].
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3 Methodology

A systematic review of the literature was conducted in order to find 
the 100 most highly cited clinical trials. An online search on the 
web, “web of science” was conducted with the MeSH term “spinal 
cord injury” in the title between the years 2010 and 2015, and we 
collected the initial 100 most highly cited articles; however, the 
mean of citations for those 100 initial studies was considered low 
(11.6). Due to the lack of highly cited clinical trials, a second 
search was necessary in order to achieve a greater number of cita-
tions; therefore, increasing the impact of the information collected. 
The second search included the ten most highly cited articles over 
the last 10 years (Fig. 1).

First search

271 Search Results

Second search

169 screened articles 
(Most highly cited results)

69 Articles Excluded:

• Observational CT
Not in humans
Language other 
than English

•
•

100 Articles included

477 Search Results

11 screened articles 
(Most highly cited results)

1 Article Excluded:

• Observational 
10 Articles included

Fig. 1 Schematic illustration of search results and exclusions

Spinal Cord InjurySpinal Cord Injury
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4 Initial Results

The data of the 110 included studies was collected and analyzed 
according to the framework denoted by the CONSORT criteria 
headings for clinical trials [13]. We found that among the highest 
cited articles for spinal cord injury just 48% were published follow-
ing the CONSORT criteria headings.

Initially we analyzed the data for the 100 most highly cited 
articles over the last 5 years in which the mean number of citations 
was 11.6. However for the second search that included the ten 
most highly cited articles over the last 10 years a mean of 152.9 
citations was found. A summary of the general characteristics 
observed among the total of studies analyzed is available in Table 1.

In this review, we analyzed the positive result for the primary 
outcome. We found that out of 110 reviewed articles, 78 of 
them showed positive results and at the same time, the number of 
citations was higher in this group in comparison with the 28 
studies that showed negative results for the primary outcome 
(Graph 1). This finding is not surprising, however is relevant to 
point out that positive findings are as good as negative findings if 
the trials performed were well designed and well carried for the 
research group.

5 Trial Design, Study Setting and Phase of a Clinical Trial

In this section, we discuss the general aspects of trial design and the 
relevance between different phases of clinical trials. During our 
search two major groups of studies were analyzed, trials with drugs 
as intervention were classified by phases ranging from pilot through 
phase I, II, III and IV. Furthermore, clinical trials with devices or 
procedures as the intervention were classified utilizing the NIH 
classification, and thus divided in Exploratory—Pilot; Pivotal; and 
Postmarketing.

In our search, we found 39 clinical studies in which a drug 
was utilized as the intervention. In the following paragraphs, we 
discuss those research studies subdividing them by the phase 
(Tables 2 and 3).

Pilot studies are small scale preliminary studies developed to 
evaluate feasibility, adverse events, possible effect size, probable 
costs, and preliminary analysis prior to developing a phase II clini-
cal trial. It is often used for a drug that has already been approved 
for a different indication. Usually pilot studies should be avoided 
unless there is an important reason to run such trials. A trial with a 
defined safety and efficacy goal has a much greater value. In our 
SCI review, we found four pilot studies. These four studies evaluated 

4.1 Citations 
and Consort Criteria

4.2 Number 
of Citations 
and Positivity 
for Primary Outcome

5.1 Phases 
of Clinical Trials Using 
Drug as Intervention
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Table 1 
General characteristics of cited articles

# (Total N = 110)

Year 2005–2009 10
2010–2012 66
2013–2015 34

Phase Pilot  4
Phase I 14
Phase I/II  5
Phase II 15
Phase III  1
Phase IV  0
Exploratory pilot 60
Pivotal 11
Post market  0

Trial design RCT 2 parallel arms 42
3 parallel arms 5
4 or more parallel arms 4
Factorial 1
Cross over 20
Open label 38

Sample size 0–20 50
21–50 36
51–100 13
101–500 11

Type of intervention Drug 39
Device 34
Procedure 37

# of citations 0–10 66
11–20 19
21–50 12
51–70  3
71–100  2
100–200  6
200–300  2

Journal impact factor 1–5 97
5–10 13
10–20 0
More than 20 0

Consort criteria Yes 48
No 62

Spinal Cord Injury
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drugs such as Dronabinol for the management of pain,  botulinum 
toxin injection for the relief of neurogenic bladder symptomatol-
ogy; as well as feasibility of injection of harvested bone marrow 
autologous cells from the iliac crest or safety and feasibility of 
implantation of olfactory mucosa autografts into the participants 
injured spinal cord [14–17]. The trials gave the following reasons 
to perform a pilot study: (1) little is known as regards the efficacy 
and safety of cannabinoids for the treatment of chronic nonmalig-
nant pain in patients with SCI; (2) There is evidence of the efficacy 
of botulinum toxin A for the management of detrusor overactivity; 
however, there is no evidence on its effects to prevent UTIs; (3) 
There is no evidence on the growth kinetics of BM MSC in patient 
with SCI as well as it safety; (4) There is lack of evidence on the 
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Graph 1 Citations vs. Positivity for primary outcome

Table 2 
Trial design, study setting, phase

Trial design N = 39

Phases

Study settingPilot I I/II II II/III III IV

RCT 2 parallel arms 13 0 2 0 5 0 0 0 Single center
0 0 1 4 0 1 0 Multicenter

3 parallel arms 1 0 0 0 1 0 0 0 Single center
0 0 0 0 0 0 0 Multicenter

4 or more parallel arms 1 0 0 0 0 0 0 0 Single center
0 0 0 1 0 0 0 Multicenter

Factorial 0 0 0 0 0 0 0 0 Single center
0 0 0 0 0 0 0 Multicenter

Cross over 7 1 3 0 3 0 0 0 Single center
0 0 0 0 0 0 0 Multicenter

Non-RCT (quasi-experimental) 17 3 8 2 0 0 0 0 Single center
0 1 2 1 0 0 0 Multicenter
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Table 3 
Trial design, study setting, phase

Trial Design N = 71

Device and procedures trials phases

Study settingExploratory pilot Pivotal Postmarketing

RCT 2 parallel arms 29 20 2 0 Single center
2 5 0 Multicenter

3 parallel arms 4 3 1 0 Single center
0 0 0 Multicenter

4 or more parallel 
arms

3 1 2 0 Single center
0 0 0 Multicenter

Factorial 1 1 0 0 Single center
0 0 0 Multicenter

Cross over 13 11 0 0 Single center
2 0 0 Multicenter

Non-RCT 
(quasi-experimental)

21 17 0 0 Single center
3 1 0 Multicenter

safety and feasibility of the use of olfactory ensheanting cells for 
neural repair in SCI.

Phase I clinical trials are designed to evaluate safety, adequate 
dosage range and identification of side effects of a novel interven-
tion in small populations. In this SCI review, we found 14 phase I 
clinical trials. Some of the studies evaluated the safety of relatively 
novel therapies that applied either bone marrow cells, olfactory 
cells, fetus cells, or autologous monocytes in the participant spinal 
cord through a surgical procedure or via injection [18–20]. 
Additionally, eight studies tested safety of medications such as 
Nabilone, Riluzole, Duloxetine, Lithium, or Botulinum toxin 
[21–24]. Given the main goal of phase I is to establish initial safety, 
it is important to define well the safety outcomes. These outcomes 
depend on the drug being tested, but we list the most used safety 
outcomes in these protocols: Physical examination at baseline (i.e., 
heart rate, blood pressure, temperature, motor and sensorial 
examination), adverse events scales, neurologic examination, CSF 
laboratory test, hematology tests (i.e., RBC counts, WBC counts, 
platelets, BUN, creatinine, etc.) as well as ASIA score as it can 
measure neurologic deterioration [25].

Phase II clinical trials require a larger group of participants and 
are designed to evaluate effectiveness and safety of the interven-
tion. In this review, we found 15 phase II clinical trials. All of 
these were randomized clinical trials. The studies were designed 
to evaluate the effectiveness of drugs such as Pregabalin, 
Carbamazepine, and Nicotine patches for the management of 
neuropathic pain; as well as 4-AP, 5-HT antagonists in recovery of 
motor function [26–29].

Spinal Cord Injury
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Phase III clinical trials aim to confirm effectiveness, monitor 
side effects, and usually compare an intervention with standard 
of care; in addition, phase III trials require a larger number of 
participants. We found just one phase III clinical study. The trial 
conducted by Cardenas et al., evaluated the effects of the drug 
Fampridine in motor recovery utilizing the Ashworth scale as 
outcome [30].

Phase IV clinical trials are developed after approval and marketing 
of the drug or treatment aiming to collect information about side 
effects with long term use. In our search we didn’t find phase IV 
clinical trials.

In our search, we found 71 articles testing a device (34 trials) or a 
procedure (37 trials) as the intervention. For clinical trials utilizing 
devices or procedures as the intervention the classification of phases 
differed when compared with the one applied for drug trials. In 
this sub-section we discuss the studies that we found in our SCI 
search and how we classified them as exploratory: pilot; pivotal; or 
postmarketing [31, 32].

Exploratory pilot studies evaluate safety and improvement of 
device’s design/parameters in a small group of subjects and define 
tolerability limits. We found a good number of studies in this cat-
egory: 60 exploratory pilot studies. These studies tested on aver-
age 22.8 subjects (min of 3 subjects and max of 68 subjects) and 
assessed motor recovery, pain modulation as the main topics; 
additional aspects that are of relevance to evaluate in the field of 
SCI are autonomic nervous system modifications, urinary tract 
alterations, bone density changes, and psychological problems, 
among others. We found that studies that evaluated the effects of 
diverse stimulation techniques such as transcranial direct current 
stimulation (tDCS), transcranial magnetic stimulation (TMS); 
transcutaneal electrical nerve stimulation (TENS); or cranial elec-
tric stimulation (CES) [33–37] for the management of pain or 
motor recovery, as well as training programs utilizing robotic body 
weight supports devices, brain computer interface programs or 
traditional therapy combined with robotic training to improve 
motor function as well as quality of life of individuals with SCI 
[34, 38–42].

Interestingly we found that the only two clinical trials that 
included pediatric population as participants evaluated a similar 
intervention (functional electric stimulation (FES) combined with 
a cycling exercise training program) for motor recovery which 
show that some intervention protocols could be more easy to apply 
in pediatric participants such as cycling instead of conventional 
therapy [43, 44]. Additionally we found a large amount of trials 
utilizing a wide variety of training programs (procedure) as inter-
vention in order to improve motor recovery [45–48]; this in fact is 
an important point in terms of developing a novel trial as the field 

5.2 Phases 
of Clinical Trials Using 
Devices or Procedures 
as Intervention
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of rehabilitation allow us the development of a vast group of differ-
ent rehabilitation approaches specific for each typo of affected area.

Pivotal trials test safety and effectiveness of either the device or 
procedure in a larger population. The fact of selecting a larger sam-
ple is required in order to prove efficacy. We found 11 pivotal stud-
ies. Among those we would like to point out the study by Nussbaum 
et al., evaluating management of pressure ulcers with ultraviolet 
C-irradiation (UVC) [49], specially due to the fact of being a novel 
therapy as well as the application of it after the surgical debride-
ment of the injured region. A pivotal trial is usually performed after 
successful results in exploratory studies. In the case of this therapy, 
there was a preliminary trial performed in 1994 showing that ultra-
sound and UVC treatment have a major effect on wound healing 
either combined or alone [50]; therefore, allowing the develop-
ment of further studies evaluating this effect in specific situations 
such after surgical debridement of a pressure ulcer in SCI patients.

Post marketing studies are designed as surveillance trials aim-
ing to identify long-term effects and monitor adverse effects in a 
large and heterogeneous population. In our search we also didn’t 
find any clinical trial in this phase, which in fact point out the 
necessity of evolving and continue developing and evaluating novel 
therapies for rehabilitation, pain management and other sequels 
caused due to a SCI.

SCI has the challenge of being mostly caused by a sudden traumatic 
event, due to this, and the impressive capacity of the spinal cord to 
recover, the study setting plays an important role while planning 
and developing clinical trials for this population. As an example, 
multicenter trials are able to enroll a greater amount of participants 
with acute traumatic injury when compared with single center 
trials. However, in this review, 86 out of 110 studies were single 
center studies, being most of them exploratory pilot clinical trials 
(61.6%). The only phase III trial found in our search was multi-
center, as well as the majority of pivotal trials (54.5%). The importance 
of developing multicenter studies rely basically on improving 
recruitment, which in fact is a frequent factor that may potentially 
hinder the proper development of a clinical study with this 
population.

6 Participants

In this section we focus in describing the inclusion and exclusion 
criteria, since this aspect is important in order to achieve an 
adequate and representative group of participants for a SCI clinical 
trial. Therefore, having a right balance between internal and 
external validity is essential to allow the generalization of the results 
in a wider population of patients that suffered spinal injury.

5.3 Study Settings

Spinal Cord Injury
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Among the great majority of analyzed articles, most of them 
selected SCI subjects on basis of the scores of ASIA classification 
scale. In fact among the 110 clinical trials, 60 used the ASIA 
classification as part of the inclusion criteria to categorize the spe-
cific population required for the study. Table 4 shows the ASIA 
classification utilized in the great majority of studies to describe the 
amount of neurological loss in subjects with SCI [51–53].

There is a good number of studies that included subjects 
classified as ASIA B, C or D (Table 4). This was found especially in 
rehabilitation studies that involved the application of robotic train-
ing devices due to the necessity of having at least little amount of 
remaining mobility to participate in the active training groups. On 
the other hand, subjects with ASIA A are mostly included in studies 
that require the implantation of novel therapies aiming to regenerate 
spinal cord tissue and generate functional improvement of symp-
toms; such a trials testing the transplantation of autologous bone 
marrow cells or olfactory ensheathing cells implantation [16, 18].

Another relevant aspect is the time length between the spinal 
cord injury event and the enrollment in the clinical trial. There 
were only few clinical trials including acute spinal cord injuries sub-
jects. In our search we found only two studies. The first one 
recruited patients with less than 48 h of onset of SCI to evaluate 
the Neuroprotective effects of granulocyte colony-stimulating 
Factor [54]. The second one recruited subject within 12 h post 
injury, this study was a randomized placebo controlled clinical trial 
that evaluated the effects of Mynocicline on SCI recovery [55]. 
However, a total of 11 clinical trials utilized subject with SCI up to 

Table 4 
ASIA classification

Grade

ASIA A Complete lack of motor and sensory function below 
the level of injury (including the anal area)

ASIA B Some sensation below the level of the injury 
(including anal sensation)

ASIA C Some muscle movement is spared below the level of 
injury, but 50% of the muscles below the level of 
injury cannot move against gravity

ASIA D Most (more than 50%) of the muscles that are spared 
below the level of injury are strong enough to 
move against gravity

ASIA E All neurologic function has returned
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1 month from the lesion date (acute SCI). Furthermore, 35 stud-
ies were designed including individuals with SCI for a period 
greater than 6 months. This pattern was associated to the interven-
tion, which aimed to evaluate effectiveness on the management of 
neuropathic pain; as well as training programs for recovery of 
motor and sensory function. Therefore, there is still a lack of high 
impact studies assessing therapies in the acute stages of SCI.

As described before, the localization of injury is correlated 
with the degree of symptomatology and more specifically with the 
affected region of the body. Fifty seven of the 110 (51.8%) reviewed 
clinical trials defined the specific location of injury as a requirement 
to be enrolled in the study. Among those, 33 (57.89%) of the clini-
cal trials required cervical or thoracic injuries; followed by 10 
(17.54%) cervical-thoracic-lumbar; 6 (10.52%) cervical alone and 
4 (7.01%) thoracic alone. The distribution was mostly correlated 
to the type of intervention in which subjects with lower limb defi-
cits were required for trials utilizing specific robotic training devices 
while subjects with a higher level of injury were included in trials 
evaluating neuropathic pain management or upper limb specific 
training protocols.

Even though the great majority of SCI are caused due to trau-
matic events, out of the 110 studies just 14 (12.7%) specified trau-
matic etiology as an inclusion criteria. For the vast majority of 
studies (87.3%) the etiology was not clear or did not specified as a 
relevant point in the selection of participants. Table 5 summarizes 
the most frequent characteristic utilized to select the desired popu-
lation evaluated in the analyzed 110 studies.

For the exclusion criteria, most of the exclusion criteria were based 
on ensuring that subjects had the specific diagnosis being tested. 
For instance neuropathic pain studies excluded subjects with pain 
from other etiologies. Additionally is important to point out that 
for some clinical trials that aimed to test interventions that required 
certain amount of residual movement; therefore, excluding patients 
with tetraplegia or patients that were unable to complete a baseline 
task for the trial.

7 Trial Duration and Follow-Up Duration

In this section, we discuss the average duration of the interventions 
that were given to the subjects with SCI in this literature search. 
Among all the studies we found a large percentage of interventions 
in which the subject was exposed to a procedure during a single 
session (Table 6); most of the interventions were novel therapies 
that included injection of autologous bone marrow cells as well as 
olfactory mucosa ensheathing cells [16, 18, 19]. However, the 
great majority of trials were characterized by interventions that 
lasted between 1 month and 3 months (Table 6).

6.1 Exclusion 
Criteria

Spinal Cord Injury



Table 5 
Eligibility criteria

Eligibility criteria N Phases drug studies Phases device—procedure

Pilot I I/II II III Expl: pilot Pivotal

ASIA 60 3 7 3 7 1 33 5

Specific location of injury

Cervical 6 0 1 0 0 0 5 0

Thoracic 4 0 0 0 1 0 3 0

Cervical–Thoracic 33 2 4 0 2 1 23 1

Cervical–thoracic–lumbar 10 0 1 0 3 0 3 3

Thoracic–lumbar 3 0 0 0 1 0 2 0

Lumbar 1 0 0 0 0 0 0 1

Age specific

Adults 108 4 11 4 14 1 63 11

Children 2 0 0 0 0 0 2 0

Pain scales

VAS for pain 13 1 1 0 2 0 8 1

Etiology

Traumatic 14 0 0 1 1 0 12 0

Traumatic and nontraumatic 1 0 0 0 0 0 1 0

Nonspecific 95 4 11 3 13 1 52 11

Time since injury

Acute 5 0 1 2 2 0 0 0

Intermediate 9 0 0 0 2 0 4 1 2

Chronic 42 2 6 1 5 0 14 12 2

Table 6 
Duration of intervention

Duration of intervention Number of trials %

Just surgical procedure 25 22.72

1 week 9 8.19

>1 weeks to 1 month 19 17.28

>1 month to 3 months 35 31.81

>3 months to 6 months 15 13.63

>6 months 7 6.37
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Due the wide variety of interventions reviewed in this search, 
the follow-up periods are very heterogeneous. However, we also 
encountered a large percentage of clinical trials in which the 
participants were not followed up and the data was collected 
immediately after the end of the intervention.

The follow-up periods varies depending on the intervention, 
for instance in studies in which the subject was exposed to a single 
session of therapy, a subsequent short-term follow-up period was 
used to assess each participant [39]. On the other hand, studies in 
which the subject had multiple weeks or months of therapy to 
improve recovery and functionality the participants were followed 
in long term (6 months to a year). Multiple follow-up visits are 
helpful to determine long-lasting effects of an intervention.

We found 22 studies in which there was no follow-up visits and 
the outcomes were measured right after the end of the intervention. 
These studies are characterized by the evaluation of specific proce-
dures or single sessions of stimulation (i.e., TMS, tDCS, FES, 
electroejaculation) and the outcome measurements were assessed 
pre and post intervention or in other cases that required longer 
interventions (i.e., specific rehabilitation therapy protocols) the out-
comes measurements were also performed at baseline, during the 
visits and at the end of the intervention while no extra follow- ups 
were applied. This type of evaluation gives us some insight on the 
changes generated before and after; however, it does not provide 
information in regard to the long-term duration of those effects.

Seventeen of the studies followed the subject for less than a 
month while the great majority followed the subject for more than 
a month to as much as a year after the end of the intervention (49 
studies). The large number of studies with long follow-up periods 
may be because most of the interventions tested were associated 
with long term effects of physical therapies; therefore long-lasting 
effects were possible (Table 7).

One point that the SCI researcher should consider when 
designing a trial is the natural recovery especially for subjects with 
incomplete lesions. In the majority of patients, during the first 
3 months post injury some extent of natural recovery is expected; 
however in some cases spontaneous recovery can be observed even 
up to the first 18 months [12]. Therefore clinical trials in which the 
primary outcome is the evaluation of motor or sensory recovery, 
the research group should consider performing multiple follow- ups 
in order to avoid confounding factors that can affect the real result 
of an intervention. However, if multiple follow-ups are not feasible 
the research group should consider extending the time between the 
end of intervention and the last follow-up for more than 3 months.

Finally, the number of follow-ups is important to be considered 
since the great majority of studies just followed up their partici-
pants in one single visit (71.8%) while four studies (3.64%) used 
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two follow-up visits and five studies followed their subjects in more 
than two visits (2.55%) (Table 8). The studies that followed par-
ticipants in multiple time point aimed to asses long term effects of 
the evaluated intervention.

8 Intervention: Drug/Device/Procedure

In this section, we discuss types of intervention observed in our 
search. As discussed before, SCI patients experience a wide variety 
of symptoms such as neuropathic pain, hyperalgesia or anesthesia 
as well as a multiple sequels such as paresis or hemiplegia. Due to 
this, a broad group of approaches can be studied and different 
types of interventions (i.e., drugs, devices, or procedures) can be 
applied (Graph 2). In one hand, the research group can focus on 
working with subjects that had a recent injury to understand and 
evaluate the response to novel therapies aiming at neuroprotection 

Table 7 
Follow-up duration

Follow-up duration Number of studies %

End of intervention 22 20

<1 week 10 9.09

>1 weeks and <2 weeks 4 3.64

>2 weeks and <1 month 3 2.72

>1 month and <6 months 22 20

>6 months and 1 year 27 24.55

>1 year to 2 years 7 6.36

>2 years 4 3.64

No follow-up 11 10

Table 8 
Number of follow-up visits

Number of follow-up visits Number of studies %

1 visit 79 71.81

2 visits 4 3.64

>2 visits 5 4.55

No follow-up 22 20
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that had being already tested in animal studies. In the other hand, 
the efforts can be directed towards a subjects with chronic spinal 
cord injury in which training programs, robotic devices can be 
studied for enhancing plasticity and potentially motor recovery.

Among all the studies, 15 (13.6%) evaluated the effects of the 
intervention for the treatment of pain (chronic, neuropathic). These 
trials assessed the effects of either drugs (i.e., pregabalin; carbamaze-
pine; nicotine patches; escitalopram) or devices such as tDCS, TMS, 
TENS, and CES. The remaining amount of studies using drug as 
interventions evaluated its effects for the management and improve-
ment of spasticity (Lithium, Riluzole) as well as prevention of bone 
demineralization due to long term immobility (Zolendronic acid). 
Additionally, some trials evaluated safety and efficacy of novel reha-
bilitation therapies with autologous bone marrow cells, isolated 
monocytes injection, olfactory mucosa cells grafts. Moreover, one 
particular trial evaluated the safety and tolerability of escalating doses 
of the medication BA—201 in order to define the optimal dose for 
future management of motor recovery [56].

Furthermore, it is an important to focus on rehabilitation 
after a SCI; therefore, the development of devices and training 
programs (procedures) aiming to facilitate motor and sensory 
 recovery is still a focus of interest and great amount of the available 
resources should be applied.

For intervention with devices, as discussed above, noninvasive 
brain stimulation techniques (NIBS) have been gaining great 
attention recently despite the fact of being available for decades. 
The use of NIBS techniques for the management of pain is well 
established [57, 58]; therefore, finding multiples trials in SCI pop-
ulation with this kind of intervention was not surprising. In addi-
tion, multiple studies evaluated the effects of devices such as 
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treadmills, robotic body weight supported treadmill-training 
programs versus occupational therapy training programs indexing 
changes in motor recovery and spasticity. Even though we found 
three clinical trials that used tilt reclining chairs as intervention it is 
significant to point out its importance given that simple aspects 
such as the degree of positioning of a subject with SCI could 
potentially prevent the development of pressure ulcers as well as 
increase blood flow in certain skin areas.

The SCI researcher needs to consider the differences when 
designing a trial with medical devices versus a trial with drugs or a 
trial with a behavioral intervention. The following issues need to be 
considered: (1) Blinding could be easier in a drug trial when com-
pared with devices or procedures; however, most of devices have 
sham mechanisms that help during this task; (2) Adherence is also 
higher in studies that require a one-time intervention (i.e., surgical 
procedure or one single tDCS session) when compared with trials 
requiring multiple visits; (3) In the same way, adherence to long 
term usage of a medication can potentially decrease adherence in a 
study; (4) the inclusion and exclusion criteria selection is also 
dependent on the type of medication, procedure or device tested.

9 Outcomes

In this section we discuss a number of endpoints that were most fre-
quently used by the researches groups in the 110 reviewed articles.

Outcomes applied in a clinical study are usually classified in 
three separate groups:

11.76

17.64

5.88

20.58

11.76

8.82

11.76 11.76

0
0

5

10

15

20

25

Exp: Pilot Exp: Feasability Pivotal

Pe
rc

en
ta

ge

Study Phase

Clinical Functional Surrogate

Graph 3 Device and types of outcomes (%)

Faddi Ghassan Saleh Velez et al.



381

●● Clinical Outcomes: this type of outcome focus in providing 
direct measurements on how the participant feel on respect to 
diverse assessed measurements (i.e., vas pain). They are valu-
able measures that gives a clear perspective on how the patients 
perceives the effects of an intervention and in the same way 
allows to evaluate the efficacy of it.

●● Functional Outcomes: This type of outcome plays an important 
role in SCI clinical trials because it provides direct  measurements 
of functional changes that the participant experience in activi-
ties of the daily living (i.e., walking speed).

●● Surrogate Outcomes: This type of outcome evaluates the clini-
cal status of the participant throughout indirect measurements 
(i.e., MRI of the spinal cord) which provide valid estimates 
that could be faster and easier to perceive.

Overall, for device studies, there was a balanced choice of out-
comes between these three classes for the preliminary studies. 
However, as expected, pivotal trials chose only clinical and func-
tional outcomes (Graph 3). The most commonly used clinical out-
comes were the visual analogue scale for pain (VAS), side effects 
questionnaires and adverse event reports; for the case of functional 
outcomes the most common were the ASIA scale, the Ashworth 
scale for spasticity and walking performance measures (i.e., walking 
speed, walking distance).

When choosing the outcome, the SCI investigator needs to 
consider the duration of effects of the intervention being tested. 
For instance, ASIA scale should only be used when it is expected 
that a large effect is observed, then likely over a long period of 
time. Even though the reliability of the ASIA scale is questionable, 
in this review we found nine studies (8.18%) that used changes in 
the ASIA scales as primary outcomes independent on the time of 
onset of the spinal cord injury.

Interesting, a good number of studies used simple measure-
ments such as walking speed and walking parameters such as 10 m 
walking time or transfer time (functional outcomes). It is impor-
tant that the investigator considers choosing an outcome that has 
been used in other studies as to compare the results.

In addition to that, 15 studies aimed to evaluate the effects of 
determined intervention to relief neuropathic pain. Among those, 
most of them (80%) used the visual analogue scale for pain (VAS), 
while two (13.3%) of these studies use the numerical rating scale 
for pain (NRS) and the remaining utilized chronic grade pain scale.

Drug trials used on the other hand more clinical outcomes as 
compared to device trials. There are few reasons to explain this dif-
ference, but maybe the most important is the more diffuse effects 
of drugs as compared to devices that may have a more focal effect 
and therefore allowing the use of surrogate outcomes more often. 
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This is an interesting area of development: better surrogate out-
comes in SCI clinical trials (Graph 4).

Similarly to device trials, trials testing procedures (such as 
olfactory ensheathing cell transplantation, Olfactory Mucosa 
Autografts application or bone marrow mesenchymal cell trans-
plantation among others) also used in a good number of times, 
surrogate outcomes such as magnetic resonance imaging changes, 
skin perfusion Doppler and bone mass density [17, 18, 59, 60] 
(Graph 5).
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10 Sample Size

In this section, we focus on analyzing and discussing the most rel-
evant aspects related with the adequate selection of sample size. 
For any clinical research, determining the adequate sample size is 
one of the most relevant steps.

One of the parameters that it is used to calculate the sample 
size is the expected effect size, which in SCI trial design could be 
challenging to interpreted and in the same way to apply. As dis-
cussed before, SCI patients present some degree of spontaneous 
recovery; especially during the first 3 months after injury [12]. 
This is critical when it comes to estimate the expected effect size of 
a treatment, since most studies utilize ASIA as a primary outcome. 
In this context, the International Campaign for Cure of Spinal 
Cord Injury Paralysis (ICCP) established guidelines for statistical 
power and sample size calculations on clinical trials in SCI [12]. 
This document suggests that the greater the time after injury the 
greater the power of an interventional study. Consequently, studies 
that include patients with long-term injury require smaller sample 
sizes. In contrast, trials designed to test early interventions require 
relatively more subjects to achieve positive results [12].

In 21 out of 110 (19%) articles, the method utilized to perform 
the sample size calculation was described. Among those, ten clinical 
trials gave complete information, detailing aspects such as alpha, 
power, control group expected effect, active group expected effect 
and attrition. The data of the 21 articles is summarized in Table 9.

Overall, we found that the great majority (88.2%) utilized 0.5 
alpha level of significance; however we found two trials in which a 
smaller level of alpha was applied (0.025 and 0.1) [33, 61]. In fact 
this can be expected for trials that aim to be more strict as well as 
to provide a better estimate that the results are not due to chance 
[33, 61]. Furthermore, we also found that for the 17 trials 
 reporting the sample size calculation, 15 of them utilized a power 
of 80%, which in fact is commonly used in other trials.

In addition, to calculate the expected effect size for a study, the 
research group is required to analyze the difference between con-
trol group response and the expected effect for the intervention 
that will be tested. For this task, the principal source utilized to 
collect the data for expected effect of a control group came from 
preliminary data; in the other hand, the active group expected 
effect values were based on previous literature and pilot studies.

11 Analysis and Stoppage Criteria

In this section, we focused in understanding the mechanism applied 
to perform interim analysis and the stoppage criteria found in the 
review of SCI clinical trials.

Spinal Cord Injury
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Data monitoring during the development of a trial can enhance 
the efficiency and affect the results. Therefore it is ethically sug-
gested that if there is substantial evidence that one of the interven-
tions given has great superiority among the others or if the 
intervention is harmful to the subjects participating in the study an 
early termination or change in trial design is expected [62, 63].

Given that, interim analysis are performed usually when about 
50% of the participants have been randomized and completed at 
least one follow-up. This task should be performed by and inde-
pendent statistician that must be blinded for the treatment alloca-
tion and afterwards a data and safety monitoring committee will 
analyze and decide the pertinent next steps for the trial [62, 64].

Table 9 
Sample size calculations

Total

Alpha 17
0.05 15
Two-sided 3
One-sided 2
Not specified 10
0.25 one-sided 1
0.10 1

Power 17
80% 12
90% 3
Other 2

Control group expected effect 21
Observational data 1
Preliminary data/pilot study 13
Previous clinical trials 2
Not reported 5

Active group expected effect 21
Minimally clinical significance 1
Observational data 1
Pilot studies 4
Previous literature 8
Previous clinical trials 2
Not reported 5

Attrition 21
10–20% 4
>20–30% 3
>30–60% 3
Not specified 11

Faddi Ghassan Saleh Velez et al.
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Among all the 110 trials analyzed none of them provide a clear 
specification about their analysis and stoppage criteria, even though 
this finding may look surprising, it is somehow expected because 
usually a more complete explanation about interim analysis and 
stoppage criteria is provided in the study protocol and not as frequent 
in the published clinical trial. Nevertheless, the consort guidelines 
strongly advise to add a detailed paragraph providing this infor-
mation [13].

Particularly for this chapter above all the 110 reviewed clinical 
trials none of the studies reported plans to stop the study due to 
safety reasons or describe an interim analysis even though some of 
the experimental treatments used could potentially be harmful. 
Overall, there were no severe adverse events for most of the 
therapeutical interventions. Among all the studies, one clinical 
trial stopped early due to lack of funding having as a consequence 
a smaller sample size than the one expected [35].

12 Randomization

In this section we discuss the most common randomization 
methods implemented in the 110 reviewed SCI clinical trials, in 
particular, we discuss the type of randomization, randomization 
sequence generation method and we analyze some aspects of the 
allocation concealment.

Randomization is the allocation process of participants in the 
particular arms of an intervention, more important is that this pro-
cess must be completed by chance. There are different methods to 
randomize and each one will be useful to specific trial designs and 
determined sample sizes. Simple randomization is a method compa-
rable to the one produced when you flip a coin in which you could 
have heads or tails; in the same way, a subject could be allocated to 
either the treatment or placebo group. It is important to point out 
that in this type of randomization the sample size required must be 
large to assure adequate balance between groups. The second pos-
sible procedure it is known as block randomization. In this type of 
randomization instead of randomizing each participant individually, 
the research group randomizes groups of participants assuring a cer-
tain fixed amount of participants allocated in each group, therefore 
a balanced population in each arm of the study. Even though this 
method ensures that a same amount of participants are in each 
group, characteristics between group can vary widely, having said 
that, the next available step would be stratify each group by charac-
teristics that will help to balance the groups, this process is known as 
stratified randomization [65–69].

In our search we found that over the 110 articles, 72 of them 
were randomized (65.4%). There is a general lack of reporting of 
randomization methods. From the few that have reported the 

Spinal Cord Injury



386

randomization methods (20 out of 72), most used blocked ran-
domization. This randomization is especially important for small 
sample size trials, which has been a characteristic of SCI trials. 
There was a good relative number of stratified randomization. In 
this case, an important issue is which stratification factor should be 
chosen. Most of the trials chose one factor (i.e., enrollment center, 
ulcer location, Asia score) and one additional study had two factors 
(gender and severity of injury) (Graph 6). Only few studies used 
the simple randomization method as this method is not valid for 
small sample sizes due to the risk of imbalance.

There were also a good number of studies that did not have 
randomization (38 out of 110 trials). These studies included surgi-
cal procedures with limitations to perform an adequate randomiza-
tion or ethical considerations to randomize to other treatments.

Despite the adequate generation of a randomization list, a common 
pitfall of clinical studies is an inadequate method to prevent that 
both the researcher that provides or assesses the intervention and 
the participant remain blinded to the specific intervention applied. 
An adequate allocation concealment ensures that participants 
remain blinded to the intervention, therefore results are less biased 
[67, 70, 71]. Among the 110 analyzed studies only 16 reported the 
allocation concealment method. The most commonly used (and 
also easy method) is the use of sealed opaque envelopes.

Another important issue is the generation of the randomization 
list. Most of the SCI trials used software programs such as clo-
randm.exe, PTClinResNet, randperm.m function in Matlab, 
Epidat 3.1 statistical software [71].
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13 Blinding

In this section, we focus on discussing the relevance of blinding 
and blinding methods utilized most frequently in our review of 
SCI clinical trials. This aspect of the design of a trial is critical in 
order to avoid observer and also performance bias. A research 
group should ensure that both the participant and if possible the 
assessor are unaware of the intervention applied for each subject 
[72, 73].

It is remarkable but not surprising the large amount of non-
blinded studies in spinal cord research. In this search we found 43 
open label clinical trials; of those, 36 were nonrandomized (83.7%), 
while 5 were randomized two parallel arms clinical trial in which a 
proper blinding was challenging due to the special characteristic of 
the intervention. As an example Norrbrink et al. 2011 evaluated 
the effects of acupuncture vs. massage therapy using VAS pain as 
the primary outcome measure, the major differences between the 
intervention made the blinding not feasible[74]. Due to these dif-
ficulties encountered while blinding some of interventions it is 
common to find a great number of nonblinded studies. Moreover, 
we also found one unblinded RCT with three parallel arms and 
one RCT with a factorial design in which the research group stud-
ied the differences in skin perfusion over the ischial tuberosity after 
exposure to a wide variety of degrees of inclination in a tilt wheel-
chair [75]. Besides that, our search showed that of the blinded 
studies, 24 where double blind and 32 single blinded (Graph 7).

These finding were expected, especially because a greater amount 
of clinical trials found in this search had training therapies or rehabili-
tation techniques that are difficult to mask for either the subject or 
the co investigator applying the intervention. However, adding a 
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blinded researcher to analyze and collect the data can help to avoid 
bias. In fact for the case of surgical procedures it is encouraged to 
utilize sham surgeries; however, the risk-benefit percentage should be 
addressed in a case by case manner. For the case of the research group, 
despite the necessity of having the surgeon unblinded, other inte-
grants of the group such as surgical assistant, nurse and postsurgical 
team could be blinded without compromising the health of the 
patient [76]. Behavioral therapies remain as one of the hardest inter-
vention to blind and specific protocols should be developed in order 
to provide an effective blinding method [77].

Although it is controversial, assessment of blinding has been per-
formed in few trials. Out of the 110 of the reviewed studies just 
only 4 studies specified if the integrity of the blinding methods was 
assessed. A study by Boswell-Ruys et al. asked the participants to 
avoid discussing their training or group allocation with the assessor 
of the study and the authors reported that the success of the blind-
ing was recorded after the last assessment for each subject but there 
was no clear specification of the method implemented assess it 
[46]. In addition another study by Richardson et al. utilizing nico-
tine patches vs. placebo developed a small questionnaire for the 
patient to specify in which group they believed to be part of [28].

Most of studies assessing blinding did so through the use of 
questionnaires. These questionnaires varies but most of them 
include simples questions like (1) do you think you received sham 
or active or do not know? Some questionnaires also asked about 
the confidence of guessing utilizing numeric scales in order to rate 
the blinding efficacy. An important aspect is to avoid introducing 
bias when using these questionnaires as simply asking the subjects 
may prime subjects to be more attentive and try to guess especially 
in a cross over trials.

14 Adherence: Recruitment Yield

Adherence in SCI is a topic that deserves special attention when 
designing a trial with SCI. These individuals have difficulties with 
locomotion; therefore transportation to a research center is chal-
lenging. In addition other factors such as comorbidities and the 
priority to solve them was a relevant aspect that decreased adher-
ence rates in this population.

Overall for this review, we found three clinical trials that speci-
fied the methods that were implemented to improve the adher-
ence. Tables 10 and 11 summarize the findings regarding adherence 
and the phase of clinical trials.

The most important factor to increase adherence was the eco-
nomic compensation offered to each participant once enrolled in 
the trial. In one of the clinical trials the subjects were compensated 

13.1 Assessment 
of Blinding
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with 20 dollars vouchers to reimburse the travel costs from each 
visit, besides that subjects were contacted weekly by telephone for 
one of the co investigators in order to increase compliance [14]. 
Even though this method requires a great amount of time and 
dedication, it is a cost effective way to strengthen the relationship 
between co investigator and subjects, as well as increase adherence 
during the entire intervention. Additionally a randomized study by 
Otomanelli et al. with a follow-up visit a year after the beginning 
of the study showed an adherence rate of 87.6%, a value considered 
adequate especially for a study with a long-term follow-up [78]. 
During this study the intervention applied was an Evidence-based 
practice supported employment method in which SCI patient were 
supported in their job throughout an entire year, therefore receiv-
ing a constant income during the entire time of the study. Another 
study used a similar payment method than the one described before 
in which each subject received two 50 dollars paychecks covering 
the entire study participation; the first was given during baseline 
visit, right after the enrollment and the second one during the 
assessment/follow-up visit, 4 weeks post intervention. This type of 
compensation method may increase the subject’s probability to 
complete the intervention and follow-ups required [79]. This 
evidence shows that some types of monetary compensation are 
important to enhance adherence.

Table 10 
Adherence and phase of drug trials

Adherence Pilot I I/II II III IV

0–50% 0 0 0 0 0 0

50–69% 0 1 0 2 1 0

70–89% 2 0 1 6 0 0

90–100% 2 7 3 2 0 0

N/S 0 6 1 5 0 0

Table 11 
Adherence and phases of device and procedure trials

Adherence Expl: pilot Pivotal Postmarketing

0–50% 1 1 0

50–69% 3 4 0

70–89% 15 4 0

90–100% 25 1 0

N/S 16 1 0
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Another method to improve adherence is allowing subjects to 
continue with their treatment plan (which may also be needed for 
ethical reasons). A trial by Heutink et al. evaluating pain indexed 
by Chronic Pain Grade Questionnaire (CPG) in SCI subjects with 
chronic neuropathic pain, allowed the subjects to continue with 
their current pain treatment but also requested them to avoid 
modifying those treatments regimens during the intervention of 
the study [80].

Acknowledging the previously mentioned cases it is important 
to recognize how similar methods to improve adherence can have 
different responses. Indeed it is even more important to under-
stand how essential is to plan in advance strategies to maintain 
a good adherence during the entire course of a clinical trial in 
subjects with spinal injury.

15 Statistical Analysis

The international committee of medical journal editors in 1988 
published guidelines for an adequate presentation of statistical 
analysis in any clinical article [81]. In fact what they were aiming 
was to have future clinical trials that could report their statistical 
methods with enough detail to enable a knowledgeable reader to 
verify and understand the veracity of the results reported [81, 82]. 
In the same way it is important for a research group if possible to 
quantify the corresponding findings and show them with appropri-
ate indicators for measurement error or uncertainty. Moreover it is 
also relevant to discuss the eligibility of the experimental subjects 
to clarify and exclude possible bias. In summary the study group 
should add a detailed description of the statistical methods and data 
reported in the results section of the final article [81]. Graph 8 
summarizes all the statistical analysis used by these authors.

The great majority of trials applied an ANOVA in order to 
perform analysis of the primary outcomes of the study comparing 
baseline measures with post intervention as well as with follow-up 
findings. The second most common statistical analysis test was the 
t-test, these clinical trials usually evaluated functional outcomes 
after interventions such as aerobic training or lokomat training.

For nonparametrical sample distribution the preferred statisti-
cal analysis method was Wilcoxon sign rank or sum test (or Mann–
Whitney), most of these trials analyzed clinical outcomes such as 
VAS for pain in subjects with neuropathic pain after chronic SCI 
comparing baseline findings with postintervention results.

For categorical outcome, most of the clinical trials utilized chi 
square in order to compare respose in either functional or clinical 
type of outcome before and after the intervention. It’s important 
to point out that some trials categorized scales that are normally 
considered as continue such as VAS for pain or Ashworth scale for 
spasticity in order to decrease the sample variability.
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In fact, most of the SCI trials utilized simple statistics to analyze 
the data. In addition, only one trial analyzed survival function 
utilizing Kaplan–Meier estimator considering the survival proba-
bilities to a new event to occur. During that trial, the research 
group evaluated the effects of an intervention with Intermittent 
Catheterization With a Hydrophilic-Coated Catheter measuring 
recurrent urinary tract infections as the event [83].

16 Limitations

In this section we discuss the major limitations encountered and 
reported in the reviewed articles. For every research group the 
limitation section aim to detail the probable pros and cons that 
they encountered during the development of the study, in the same 
way discuss the aspects that can limit the validity of the results 
obtained. It is in fact extremely important to discuss weakness of 
the study design that could interfere with reliable measurement of 
outcomes and therefore with the results [13].

Overall, a small sample size was the most common limitation 
reported in the reviewed articles, up to 27 clinical trials discussed 
that in order to provide more reliable results that consequently could 
be generalized to the global SCI population, the sample size required 
should be greater; therefore, encouraging future research groups to 
develop further studies with a bigger number of participants.

In addition to that, four studies considered that the length of 
the intervention was not enough to provide the expected effect 
size. Of those four studies, two highlighted this important limita-
tion. The first one evaluated the effects on endurance indexed by 
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Plasmatic levels of total antioxidant as well as erythrocyte glutathi-
one peroxidase activity after 12 weeks of arm cracking exercise 
therapy, in this clinical trial the research group considered that lon-
ger trials with longer intervention period will provide stronger 
results [84]. The second study developed by the same research 
group applied the same intervention (arm cracking exercise), 
however the main outcome evaluated was the measurement of 
specific biochemical markers [85].

Furthermore, among the other frequent limitations reported, 
we found three clinical trials which were nonblinded, three studies 
in which the large number of dropouts was the main weakness, two 
trials without control group. Additionally, three studies were non-
randomized, this in fact decreased the study results credibility as 
well as two extra studies in which the outcomes were self-reported 
providing subjective results. Moreover, we analyzed a trial that 
recruited as participants, a specific population of male veterans; 
therefore, the observed results were not applicable and generaliz-
able to the SCI population [78]. This is an important factor to take 
into consideration while developing a SCI trial due to the great 
diversity of affected subjects especially due to the wide degree of 
severity and locations f the injuries.

Table 12 
Study limitations

Limitation N

Small sample size 27

Short duration of intervention 4

Lack of blinding 3

Large amount of drop outs 3

Lack of randomization 3

Lack of control group 3

Lack of long-term follow-up 2

Outcomes were self-reported 2

Not generalizable population 2

The device used to measure the outcome varied from baseline  
to end of intervention

1

Lack of follow-up 1

No control of lifestyle factor 1

Differences between control group and intervention group  
were to high

1

Intervention was in one institution and control group  
in another institution

1
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The complete list of limitations is summarized in Table 12. To 
finalize, is important for a research group to consider a broad 
amount of possible limitations and encourage them to think 
ahead to prevent that major weakness can affect the execution of a 
properly designed SCI clinical trial.

17 Conclusions

Reviewing the most cited clinical trials in SCI, and thus those with 
greater impact, it is clear that that are significant limitations with 
these trials and the investigator should carefully consider the spe-
cial challenges when designing a SCI trial. We highlight some of 
these challenges:

●● Adherence: this is a special challenge that needs to be carefully 
considered. Still from the trials analyzed, there was no particular 
and novel method that seem to address this issue effectively.

●● Small sample size trials: when designing a small sample size trial, 
the investigators needs to be aware of the power of their sample 
size to respond the question they are asking. If it is not possible 
to access a larger sample, the investigators need to consider the 
use of other outcomes such as surrogate outcomes.

●● Blinding: given the large number of trials testing behavioral 
interventions or surgical procedures, blinding may not be 
possible. In this case, the investigator needs to consider other 
methods such as use of surrogate or objective clinical markers, 
which indeed were remarkably not used frequently in the trials 
reviewed here.

As in other neurological areas, there is an unmet clinical need 
for the development of novel interventions in SCI field. We hope 
that this chapter will help the investigator to identify the challenging 
areas of this field as to design the most optimal clinical trial and 
thus advance this area of research.
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Chapter 12

Peripheral Neuropathy

Rafaelly Stavale, Felipe Jones, Alejandra Malavera, and Felipe Fregni

Abstract

Peripheral neuropathy is a condition that involves different symptoms and can be caused by different 
pathologies, especially diabetes mellitus. Due to its high incidence and the great number of challenges 
faced by researchers in this field, this chapter provides an extensive discussion of the 100 most cited clinical 
trials between 2005 and 2015. A systematic review was performed, based on the CONSORT guidelines, 
by analyzing Web of Science database as to improve the planning of future trials and addressing the main 
aspects involved with Peripheral Neuropathy clinical trials.

Key words Peripheral neuropathy, Research, Review, CONSORT guidelines, Methodology

1 Introduction

Peripheral neuropathy (PN) is a disease that affects motor, sensory, 
and/or autonomic fibers of the peripheral nervous system, which 
may induce different symptomology depending of the affected 
fibers. This condition is caused by a variety of etiologies, ranging 
from diabetes mellitus (DM), tumors, vitamin deficiencies, auto-
immune diseases, to medications and alcoholism, among others 
[1]. The symptoms include weakness, pain, paresthesia, sensory 
loss, and orthostatic hypotension [1]. In this context, PN can 
severely compromise daily activities, leading to a reduced quality of 
life and long-lasting disability [2, 3].

One of the most common causes of peripheral neuropathy is 
DM type I and II, with 66% and 59% incidence on these popula-
tions, respectively [4]. Diabetic peripheral neuropathy (DPN) 
affects sensory and motor fibers, resulting in atrophy of limb mus-
cles and ulceration. In fact, the progress of PN is the primary risk 
factor for diabetes foot ulcer, a condition responsible for 85% of 
lower-extremity amputation in people with PN [1]. Additionally, 
the increased awareness about the pathophysiology of DPN has led 
to new investigations on early prevention, symptomatology man-
agement, and therapies to slow down the disease progression.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-1-4939-7880-9_12&domain=pdf


400

Another frequent cause of PN is associated with chemotherapy 
and antiretroviral (ARVs) neurotoxicity. The incidence of chemo-
therapy-induced peripheral neuropathy (CIPN) is 68.1% [4]. 
Thus, PN has been studied as a main outcome on clinical trials 
involving neurotoxic agents. The major consequence of drug-
induced PN are dose reduction or treatment cessation by exposing 
patients to their primary disease morbidity and mortality [5]. 
Although the survival rates of oncological and HIV-infected 
patients have increased with the development of more effective 
therapies, there is still a concern about severe disabling adverse 
effects due to treatment, such as PN. For instance, a meta-analysis 
reported an incidence of CIPN in 30% of patients after 6 months 
of chemotherapy [4]. In this context, research studies for protec-
tive therapies and treatment for PN have been conducted for this 
type of population.

Finally, regardless of the etiology, PN therapeutics relies on 
three mainstays: prevention, symptom management, and changes 
in the disease status. For each of them, the causality of PN will 
guide the most appropriate treatment option for the clinical prac-
tice. Moreover, drug-induced neuropathy trials often target pro-
tective therapies or the reversibility of the disease—focus on 
protection and changes in the disease status. Interestingly, most of 
the investigations for DM, HIV, renal and kidney diseases empha-
size on effective treatment, pathophysiology, and genetic studies. 
Nonetheless, research for effective pain control and rehabilitation 
are common interests for all PN etiologies.

This chapter aims to guide clinical researchers on PN by con-
sidering unique features of clinical trials in this field. For this pur-
pose, a systematic review of the 100 most cited papers of PN since 
2005 was conducted. The topics covered herein are based on the 
CONSORT guidelines and include, trial design and settings, 
phases of study, sample selection, intervention, choice of outcomes, 
sample size, randomization, blinding, adherence, statistical analy-
sis, assessment of biases, and confounding.

2 Methods

A systematic review of the 100 highly cited clinical trials on periph-
eral neuropathy was conducted at all Web of Science database. Our 
search strategy focused on a 5-year interval of publications with the 
keyword “Peripheral Neuropathy” present on the publication tit-
tle, organized from the most cited. In addition, we refined our 
search by document type, selecting clinical trials. From 2010 to 
2015, the results were not enough to retrieve 100 trials. Thus, our 
research was extended to the period of 2005–2015 and further-
more from 2000 to 2015 when we finally achieved the targeted 
number of articles. Published papers in English of interventional 
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clinical trials were included. We screened 222 papers and excluded 
122. Among reasons for exclusion were: articles published in 
another language rather than English (20); reviews (8); study pro-
tocol (1); repeated articles (5); noninterventional and observa-
tional studies (49). Figure 1 illustrates our inclusion and exclusion 
criteria results.

3 Initial Glance

Diabetic peripheral neuropathy (DPN) and chemotherapy-
induced peripheral neuropathy (CIPN) represent 83% of the 
retrieved studies. Hence, this chapter gives special attention to 
these two etiologies. Though, other causes are also evaluated 
throughout all the sections. Table 1 summarizes the amount of 
studies by etiology in our search.

The CONSORT statement was created to minimize issues due to 
inappropriate report of randomized clinical trials. It is a 25-item 
checklist to guide authors to achieve a transparent and complete 
report of their research. In addition, the endorsement of 
CONSORT by a scientific journal implies quality on RCT’s report.

3.1 Etiologies 
of Peripheral 
Neuropathy

3.2 CONSORT 
Endorsement 
by Number of Citation

2010 – 2015
89 Search Results

83 Excluded

2010 – 2015
181 Search Results

2000 – 2015
222 Search Results

Included papers
100

122 Excluded

Fig. 1 Diagram flow for search results

Peripheral Neuropathy
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In our systematic review, we noticed a balanced trade-off on 
number of citations among articles published at journals endorsed 
(49%) and not (51%) by CONSORT. Because the majority of cita-
tions are among articles published at journals not endorsed by 
CONSORT we can presume two things: bad quality of report 
among the articles selected for this review or use of CONSORT 
regardless of a journal endorsing it.

When analyzing the most cited articles we found positive and neg-
ative results among the 100 most cited papers regarding peripheral 
neuropathy. In our review we expected to have a minority of nega-
tive results published due to having a relatively small number of 
phases II or I studies exploring complete new therapies or inter-
ventions. The difference between negative and positive results 
among the analyzed studies can be observed in Fig. 2. Additionally, 
due to the lack of a standard therapy, often trials showed positive 
results at early phases and failed to have a statistical significant 
result at late phases. An example of it is the series of studies testing 
vitamin E for Chemotherapy-Induced Peripheral Neuropathy. In 
2006, Argyriou and colleagues performed a phase II, parallel two-
arm RCT, to evaluate safety and efficacy of vitamin E to prevent 
cisplatin CIPN [6]. Their study showed a statistically significant 
result. However, in 2011, Kottchad and colleagues [7] conducted 
a phase III parallel two-arm RCT to prevent CIPN of platinum 

3.3 Results 
for Primary Endpoint 
and Number 
of Citation

Table 1 

Etiologies of peripheral neuropathy

N

Diabetic peripheral neuropathy—DPN 48

Chemotherapy-induced peripheral neuropathy—CIPN 35

HIV peripheral neuropathy—HIVPN 2

Multiple etiologies 3

Undefined 3

Uremic peripheral neuropathy 2

Hemodialysis peripheral neuropathy 2

Posttraumatic 1

Mixed cryoglobulinemia peripheral neuropathy 1

Isotretinoin induced 1

Diabetic kidney disease 1

Leprosy 1

Total 100

Rafaelly Stavale et al.
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and, or taxanes compounds with a nonsignificant result for their 
primary hypothesis. Both studies add equally important scientific 
contributions and must be taken into account when planning a 
trial in this field, regardless of its results.

Table 2 illustrates the main characteristics of the 100 papers of 
our review by its frequency such as publication year range; study 
phase; trial design; type of intervention; primary outcome results; 
publication at a journal endorsed by CONSORT; sample size; 
number of citations; journal impact factor. Those topics will be 
better discussed through this chapter.

4 Trial Design, Study Phase, and Setting

The study design is carefully chosen among all the potential options 
given the optimal balance between the research question, ethical con-
cerns, and feasibility. The current phase of development of a given 
drug or device is also important when choosing the study design.

An important part of a clinical trial is the study design to achieve 
systematically reliable results. Flaws on the study design imply 
waste of resources and unnecessary risk exposure of subjects. In 
addition, the decision of which trial design suits better the selected 
research question must be ethically and scientifically supported by 
previous findings. A more appropriate design will depend on the 
study aim, if the trial aims to test a treatment for symptom manage-
ment, for reversibility, for prevention or if it is a dose adjustment 
study. Therefore, the three mainstays previously mentioned must 
be taken into consideration.

Our review resulted in 71% of randomized clinical trials (RCT) 
and 29% of nonrandomized clinical trials (NRCT) with a consider-
able spectrum of designs. The following topics will address each 
type of study design we encounter in this review.

4.1 Trial Design

0
10
20
30
40
50
60
70
80
90

Negative Positive

%
 o

f c
ita

tio
ns

Study result

Fig. 2 Proportion of citations of peripheral neuropathy trials with positive and negative results
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Table 2 
Summary of the included clinical trials

N

Year

2000–2005 20
2006–2010 37
2011–2015 43

Phase
I 3
I–II 1
II 56
III 16
IV 1
Exploratory 23
Pivotal 0
Postmarketing 0

Trial design
RCT parallel 2 arms 52
RCT parallel 3 arms 8
RCT parallel 4 arms 1
RCT parallel 5 arms 1
RCT crossover, 2 groups 7
Nonrandomized single arm 21
Nonrandomized 2 arms 8

Drug/device/procedure
Device 13
Drug 73
Procedure 14

Primary outcome positive
Yes 27
No 73

Journal follows consort guideline
Yes 44
Not in the endorsement list 56

Sample size
0–30 27
30–60 27
60–200 20
>200 26

Number of citations
0–10 36
10–20 17
20–60 26
>60 21

Impact factor
1–5 62
5–10 20
10–20 1
>20 17
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This study design represented 62% of the reviewed articles. It refers 
to trials wherein participants are signed randomly to one or more 
treatment arm [8]. In fact, this is the preferred design in several 
situations as this is a simple and robust design. Here, it is possible 
to assume that the comparison groups—study arms—are balanced. 
Randomization advantages will be further discussed in this chapter. 
As for this study design concern, RCT’s parallel group usually 
compares active treatment and placebo, having two arms. However, 
it can have different number of arms that are compared directly, for 
instance different dosages with or without additional placebo arm.

In fact, RCT parallel studies varied from two treatment arms 
up to five. Seventy percent of the parallel three, four, and five 
arm study cluster were designed to test different dosages of the 
same intervention compared to a matching placebo. Except for 
three studies [9–11], one to be mentioned is the phase III trial 
conducted by Razazian and colleagues, 2014, to compare safety 
and efficacy of pregabalin, venlafaxine and carbamazepine directly 
without placebo group.

This study design is suitable if the disease or subject condition won’t 
change appreciably over time [12]. For it, participants are randomly 
signed to a treatment arm and after a washout period they switch 
arms. In that way, subjects will be their own control group.

In order to avoid a treatment effect being carryover to the 
other arm, when switching treatment protocols, participants 
remain a period with no active intervention. This is known as the 
washout period; moreover it allows a common baseline for each 
treatment [12].

As for studies with PN, this design was used for CIPN, post-
traumatic PN, hemodialysis, and multiple conditions of PN. They 
all had two groups comparison and a washout period. The trials for 
CIPN considered participants eligible if they had PN symptom 
duration for over 3 months; studies with hemodialysis used the 
same parameter; studies with traumatic PN selected participants 
with over 3 months PN after resolution of trauma; and studies with 
PN multiple etiologies selected those with over 5 years symptoms. 
This is to illustrate how researches selected participants with a sta-
ble condition for a crossover design [13].

Furthermore, of the seven trials using this design, only two 
were phase III, the remaining were phase II trials. It was commonly 
reported a 2-week washout period regardless of the PN etiology, 
however this decision must be accordingly to the treatment tested.

Between RCTs, we found 12% using run-in phases. This type of 
design is composed by a period in which subjects participate in the 
trial as to determine further eligibility. It assists on the determina-
tion of an effect size between active and placebo treatment; 
increases power especially for single arm trials; and decrease 
required sample size.

4.1.1 RCT Parallel Group 
Design

4.1.2 RCT Crossover 
Design

4.1.3 Studies 
with Run-In Phase

Peripheral Neuropathy
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As an example, Vinik and colleagues, 2014, conducted a trial 
to evaluate efficacy and tolerability of Tapentadol extended release 
among patients with chronic DPN [14]. Their study consisted of a 
3-week open-label titration to optimal dose in terms of pain reduc-
tion and tolerability. Participants with improvement equal or big-
ger than 1 in pain intensity (11-point numerical scale)—from the 
pre titration period to the last 3 days of the open-label phase—
were randomly signed to receive active treatment or placebo. 
Participants who did not meet this criterion were withdrawal of the 
study. The next phase of their trial was a 12-week double-blinded, 
parallel two-arm. Participants with optimal dose kept their dose till 
the end of the study if they were signed to active treatment; those 
signed to placebo had their dose tapered down in a blinded way.

Moreover, Raskin and colleagues, 2014, conducted a trial to 
evaluate pregabalin for the treatment of DPN [15]. It was a phase 
III, multicenter study with an initial baseline phase, followed by a 
single-blinded and a double-blinded one. The 1-week baseline was 
to access eligible participants to entry the trial. The single blinded 
phase last for 6-weeks, wherein all received pregabalin beginning at 
150 mg/day titrated up to 300 mg/day. Only participants who 
achieved a response equal or greater than 30% at the 11-pont numer-
ical scale were randomized either to receive pregabalin or matched 
placebo—they entered the double blinded study phase. Participants 
who didn’t meet this criterion were withdrawal of the study.

This is an interesting strategy to avoid participants dropping 
out due to adverse effects, it may improve adherence since all par-
ticipants receive treatment initially, and assist assignment to ade-
quate doses of medication. Additionally, only dose with a minimum 
initial response remain in the study.

It refers to studies without randomization, often with nonequiva-
lent groups differing not only by the treatment received. For 
peripheral neuropathy, the majority of researches, 72%, used single 
arm quasi-experimental designs. The studies were meant to test 
only one intervention. Single arm quasi-experimental studies were 
conducted for exploratory, phase I and II.

Quasi-experimental studies with parallel two arm compared 
mono therapy and adjuvant therapy. For instance, Vahdat and col-
leagues [16] compared paclitaxel versus paclitaxel + glutamine in 
order to evaluate if adjuvant therapy would reduce CIPN. They 
conducted a nonrandomized single center phase II. In 2005, 
Stubblefield and colleagues, conducted a similar trial to assess 
neuro protective effect of glutamine by comparing its use alone 
and with paclitaxel [17].

Translational research integrates basic biological knowledge to 
clinical trials auxiliary on the comprehension of drug targets and 
disease biomarkers [18]. The famous “bench to bedside” paves the 
way for unifying genomic studies with pharmacology in order to 

4.1.4 Quasi 
Experimental: Non-RCT

4.2 Phases and Trial 
Design for Peripheral 
Neuropathy
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pursuit an efficacious treatment for cancer. One translational research 
of a preclinical and phase II trial was among the 100 most cited 
papers of our systematic review. The study aimed to test an alterna-
tive treatment for CIPN, in a single center setting. In order to estab-
lish an ideal phase II trial, Coriat and colleagues [19] used a model 
based on results of their preclinical research. This strategy increases 
the chances of positive results and decrease patient exposure to risk; 
however, for late study phases it might be challenging to develop it.

Phase I clinical trials are designed to access safety of a new ther-
apy. These studies have a small sample size of subjects often healthy 
[20]. However, for peripheral neuropathy trials, it is unethical to 
expose healthy participants to a neurotoxic agent. Thus, most of the 
Phase I research on this field targets diseased subjects. Furthermore, 
the objective of this phase is to determine the ideal dose-response 
and identify side effects of the new therapy. Through our review, 
three articles were Phase I trials. Two were studies regarding phar-
macokinetics and dose adjustment of chemotherapy agents con-
ducted by Mielke and colleagues [21]; Verstappen and colleagues 
[22], respectively. Both were randomized parallel two arms studies.

The third publication was a dose escalation nonrandomized 
single arm research for DPN by Thisted and colleagues [23]. 
During this study participants had a 2 weeks medication washout 
period prior to receiving active treatment. Afterwards, interven-
tion consisted of one capsule of DM3OIQ30 up to four capsules as 
tolerate, with an interval of 1 week before dose escalation.

Phase II studies represented a significant amount of publica-
tions in our search. Usually they are conducted to evaluate the 
feasibility of exploring a new intervention, therapy or device [24]. 
Potential strengths and limitations of a design are often identified 
during this initial stage. Phase II studies represented 56% of our 
evidence. Initial research supports further safety and efficacy tri-
als. Moreover, it provides more advanced information about the 
new drug, device or procedure. Therefore, this finding is coher-
ent to the need of exploring new therapies for PN. For instance, 
Paice and colleagues [25] evaluated the use of topical Capsaicin 
for HIV peripheral neuropathy. Although there are several stud-
ies about its use for painful PN, no study with a robust design was 
performed for HIVPN until them. Because of it, their trial was 
able to evaluate strengths and limitations of conducting a robust 
study with Capsaicin. They notified the challenges on keeping 
blinding to the burn sensation Capsaicin provoke compared to 
the placebo cream. Therefore, their trial is of great value for fur-
ther investigations in this field, they provide information that can 
be used for future studies not only regarding their results but also 
about study design and planning.

Phase III clinical trials aim to test the effectiveness of interven-
tions in a broader population. During this phase, the design favors 
generalizability of the study findings [19]. Sixteen papers were 
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phase III research. Indicating a careful progress to generalizability 
in studies for PN. This may be related to the etiology of the disease 
and how the particularities of each one of those may affect 
 generalizability. Rao and collegaues, published a double blind 
crossover design RCT, to evaluate the efficacy of gabapentin in the 
management of CIPN [26]. The study consisted of a 6-week inter-
vention, wherein participants could receive either placebo or active 
treatment, followed by a 2-week washout prior to an additional 
6 week intervention—note participants switch treatment arm at 
this point.

Phase IV clinical trials or postmarketing are studies to gather 
additional information of adverse events of a therapy already available 
at the market. One study was at this stage of research. Hotta et al. 
conducted a large multicenter trial with DPN for 3 years, to evaluate 
the long-term effect of epalrestat [27]. The study consisted of a mul-
ticenter parallel two-arm design, it selected subjects with mild DPN 
using electrophysiological studies as primary outcome and screening 
strategy (this will be discussed further in detail at Sect. 8).

Study phases for medical devices are classified as exploratory, 
pivotal, and postmarket. Exploratory trials correspond to phase I–
II studies, while pivotal resemble phase III and postmarket, phase 
IV. In this context, our review involved research-involving explor-
atory phase that corresponded to 23% of the trials. Table 3 sum-
marizes our findings for this section. Table 3 summarizes our 
findings for this section.

The decision between a multicenter and a single center setting, 
have impact on generalizability of the study findings. Therefore, 
some important considerations must be taken into account before 

4.3 Study Settings

Table 3 
Trial design aspects

Trial design N = 100 Study setting

Phases

I I–II II III IV Exploratory Translational

RCT 2 parallel arms 52 Single center 1 – 14 1 – 11 1
Multicenter 1 1 13 9 1 – –

3 parallel arms 8 Single center – – 3 1 – – –
Multicenter – – 4 – – – –

4 or more 
parallel arms

2 Single center – – – – – – –
Multicenter – – – 2 – – –

Withdraw 12 Single center – – – – – –
Multicenter – – – 1 – – –

Crossover 7 Single center – – – 1 – – –
Multicenter – – 5 1 – – –

Non-
RCT

Quasi 
experimental

29 Single center – – 10 – – 14 –
Multicenter 1 – 5 – – 1 –

Rafaelly Stavale et al.
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choosing a suitable setting plan for each trial. Researchers must 
evaluate logistic and funding feasibility to conduct multicenter 
experiments; evaluate available resources, such as site center; bal-
ance accessible population with the required sample size to con-
duct a powerful investigation; and finally, the main focus of the 
study phase—internal or external validity.

Single center trials are conducted at a unique facility. As for our 
review, 60% of the studies were single center. When assuming 
phases I, I–II, II and exploratory as a unique block, it represents 
43 out of 60 papers of this study setting.

In order to correlate study setting, and sample size we used 
descriptive statistics to evaluate the sample size for single center 
trials among our review. It resulted in an average sample size of 
proximally 114 with a standard deviation of proximally 139, a min-
imum N equal to 8 and the maximum equal to 257, with only 10 
studies with N larger than 80, and mode of N = 20. That being 
said, the majority of these studies had small samples.

Studies of initial phases trials are often single given they are usu-
ally more complex designs, with limited funding and more explor-
atory—as discussed above—and have small sample size. An example 
is a non-RCT conducted by Strempska and colleagues to evaluate the 
effect of high-tone external muscle stimulation on symptoms and 
electrophysiological parameters of uremic peripheral neuropathy 
[28]. Their study had 28 participants; it was single center, single arm 
and a phase II study. However, there are exceptions. Some trials may 
have a large sample size, even though it is an early phase study, and 
external validity may be also a goal. For instance, the non-RCT con-
ducted by Bestrad and colleagues [29] with 249 participants. It was 
an open-label phase II, parallel two-arm study to compare Nabilone 
and Gabapentin as adjuvant and mono therapy.

Multicenter trials are known to favor generalizability and external 
validity. Another important factor is to give attention on the purpose 
of the trial been designed; for instance, late phases designs usually 
have generalizability as a goal making a multicenter study more 
appropriate. However, same considerations we mentioned above for 
single center settings must be taken into account when deciding 
rather or not to conduct a multicenter study. That being addressed, 
in our review, when comparing study phase with  setting, the major-
ity of phase III trials are multicenter with a parallel two-arm design.

A descriptive analysis of the sample size for this study setting 
was also performed to assist to co-relate both aspects. It resulted in 
an average of proximally 126 and a standard deviation of proxi-
mally 147. The minimum N is equal to 20, the maximum N is 
equal to 707 and the mode of N = 256. Tuttle and colleagues [30] 
conducted the larger multicenter trial, in order to evaluate 
riboxistaurin effect on GFR among patients with diabetic kidney 

4.3.1 Single Center
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disease peripheral neuropathy. It was a RCT parallel two-arm phase 
III study. In conclusion, multicenter studies usually have a larger 
sample size also to achieve desirable generalizability.

The graph (Fig. 3) is a comparison between study setting and 
phase. As predictable, late phases of PN researches are often multi-
center trials, in order to obtain generalizability and assess a larger 
sample size. Initial phases, such as exploratory and phase I, repre-
sented 2.5% of the single center investigations. The majority of our 
evidence is of phase II trials; among this group of studies approxi-
mately 60% were conducted in a single center setting. This finding 
agrees with the absence of standard treatment for peripheral neu-
ropathy, and the need of testing new therapies. In addition, it illus-
trates the difficulties of finding a therapy effective enough to 
support further phase studies.

5 Population

The inclusion and exclusion criteria for a trial have impact on the 
generalizability and internal validity of its findings. Generalizability is 
associated to how much the study population represents the target 
population. Internal validity refers to the extent that the trial can 
respond to the original question proposed truthfully. It reflects a bal-
anced and homogeneous study population avoiding confounders.

Peripheral neuropathy is associated with multiple comorbidi-
ties, medication, genetic predispose, and behavioral factors. The 
spectrum of causes for PN can be controlled with an inclusion and 
exclusion criteria, randomization or statistically. The last two pos-
sibilities will be discussed further.

We observed that some trials emphasize on selecting the popu-
lation according to the primary etiology of the disease. Thus, in 
this section we presented some etiologies for PN and the main 
criteria to include subjects in clinical research.
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Diabetic Peripheral Neuropathy (DPN) research involves pain 
therapy that can possibly affect response to the new intervention 
tested in a trial. In addition, this population consists of several 
comorbidities that can affect disease manifestation or response to 
the new tested therapy. Therefore, we aim to address the use of 
inclusion criteria in order to avoid confounders. For instance, in 
our research, trials controlled the use of pain medication by select-
ing patients who passed through a washout period. Also, nondia-
betic neurological disorders were used as an exclusion factor such 
as alcoholic neuropathy, peripheral vascular disease, renal disorder, 
leprosy, arteriosclerosis obliterans, sequelae due to cerebral vascu-
lar accident, and exposure to chemotherapy agents. In addition, 
risk factors such as alcohol or drug abuse that affect PN symptoms 
were among exclusion criteria.

Baseline characteristics of DPN were among 30% of the inclu-
sion criteria of the searched trials. Moreover, DM types II and I 
diagnose with acceptable glycemic control, HbA1C lower or equal 
11%, were common baseline feature of 90% of the studies. Presence 
of foot ulcer or diabetic foot, even though it is a common sign for 
diabetes, was an exclusion factor at 40% of the trials.

Skin condition was also considered for selecting the popula-
tion, for instance a multicenter double-blind study using QR-333 
cream for DPN, Valensi and colleagues [31], excluded participants 
with skin allergies or dermatological conditions that would inter-
fere on the protocol.

As for safety, 16% of trials DPN used a negative pregnancy test 
and required the use of appropriate contraceptive method as crite-
ria to enter the study. Additionally, women could not be lactating. 
A common practice among the studies in our review was to submit 
participants to anamneses, clinical and laboratorial exams before 
entering the trial. An example of It implications is the noninclusion 
of participants wherein ECG and creatinine clearance was abnor-
mal—30% of the papers reviewed. Wherein VDT (Vibration 
Detection Threshold) or F-wave was not detected participant were 
also excluded of the trial.

Another important consideration for DPN is the disease’s 
impact on different peripheral structures such as arms, legs, hands, 
feet, and other areas. Hence, it was common to mention the area 
affected and evaluated through the trial as an inclusion feature.

Inclusion criteria for CIPN encompass a wide range of aspects: type 
of chemotherapy prior to the study or during it, life expectation, 
age, CIPN baseline characteristics, PN symptom duration, histo-
logical and laboratorial findings, pain medication or intervention 
use. In this regard, there were few practices on inclusion criteria to 
avoid confounder. For instance, over 90% of the reviewed trials con-
ducted to test a new therapy for CIPN reported the determined 
chemotherapy agent allowed for entering the study and the 
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diagnosed type of cancer. Another common feature with potential 
to avoid confounder was the selection of subjects without PN medi-
cation or taking stable doses of painkillers. Except for researches 
evaluating protective effect of a new therapy, additional strategies 
were the inclusion of patients without other possible causes for PN, 
such as DM, HIV, and alcohol abuse.

As for safety, researchers used platelet, hemoglobin count and 
serum creatinine findings to evaluate if participants could enter the 
study. These laboratory exams also are used to assess if chemo-
therapy can go on or must be interrupted.

For baseline characteristics, we acknowledge trials selecting 
participants without PN, with mild or severe signs. The reported 
symptoms duration of CIPN varied from 0 up to 3 months; base-
line life expectancy range was from a minimum of 3 months up to 
a minimum of 6 months. Furthermore, previous treatment with 
chemotherapy and, or for peripheral neuropathy was part of the 
main inclusion/exclusion criteria for this etiology.

For the following sections, we included uremic diabetic peripheral 
neuropathy (UDPN), diabetic kidney disease peripheral neuropa-
thy and hemodialysis peripheral neuropathy, which represent 5% of 
our searched papers. Those etiologies are related to nephrology 
and uremic functions in some extent.

Hemodialysis peripheral neuropathy trials used 40 mm pain 
score in Short Form of McGill Pain Questionnaire (mild pain) 
as an eligibility criteria. Among this etiology, participants with 
hepatic, cardiopulmonary and uncontrolled psychiatric disor-
ders were excluded. Additionally, others pain syndrome causes 
rather than peripheral neuropathy would prevent participants to 
join the trial.

The others etiologies did not report the use of a standardized 
instrument to select a baseline PN characteristic However, pres-
ence of pain or participants undergoing hemodialysis was enough 
to consider eligibility. None of these studies reported an inclusion 
criterion to control for other causes of PN, or mentioned restric-
tions for the use of pain medication. In fact, one study included 
patients undergoing treatment for pain relief.

Pathogenesis of HIV associated PN are unknown. Proposed mecha-
nisms include cytokine deregulation, viral protein produced neuro-
toxicity, and mitochondrial dysfunction associated with antiretroviral 
drugs (ARVs) [32, 33]. Although HIV has a pandemic incidence 
and PN affects 30–35% of this population [34, 35], only two studies 
were found in our research. One study, by Paice and colleagues, was 
design to test topical capsaicin for HIVPN management. On the 
other hand, Anastasi and colleagues compared true versus sham acu-
puncture [36]. Both used eligibility criteria to control medication 
use for PN and excluded participants who were undertaken topical 
medication on the lower extremities.

5.3 Uremic 
and Renal Disease 
Peripheral Neuropathy

5.4 HIV Peripheral 
Neuropathy
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The safety exclusion criteria used by Anastasi and colleagues, 
was presence of hypertension, pulmonary and kidney disease. As 
for Paice and collegues, pregnancy and presence of lesions on feet 
and legs would exclude participants.

6 Intervention

Previous studies have reported findings of different strategies for 
the treatment of Peripheral Neuropathy. Drugs, procedures, and 
devices trials have different implications during the selection of a 
study phase and design. Regarding our findings, 73% were studies 
testing drugs, 14% procedures, and 13% devices trials. For drug 
studies, we assumed experiments of pharmacological therapies; for 
procedures, we considered nonpharmacological interventions such 
as meditation, gait pattern, acupuncture, and for devices, we 
included therapies using electrical stimulation or any other device 
responsible for providing therapy.

The three different categories of intervention were found in 
our research through different etiologies of PN. In order to make 
correlation between intervention and PN etiology, this section will 
address the main types of PN of the 100 selected articles.

In the context of DPN, treatment is usually partially effective or 
with intolerable side effects [37]. Hence, studies with the same 
intervention but with different dosage comparison are not uncom-
mon. Pregabalin was tested in six different trials [38–43]. Five of 
those studies were of phase II RCT parallel three arm or two arm. 
In fact, at least six trials with DPN were dose adjustment research. 
Another finding is the application of an initial preintervention 
titration phase for dose adjustment for drug therapy. Therefore, 
patients achieve the best treatment dosage without suffering 
adverse effects as much as if they received a fixed amount of medi-
cation. This approach has influence on adherence by reducing 
experience of side effects and the study duration. Both aspects will 
be discussed further in detail.

Among the interventions for this etiology, research for drug 
therapy represented 35%, devices 7%, and procedures 14%. Table 4 
contains the interventions tested throughout trials for DPN.

Therapies for chemotherapy-induced peripheral neuropathy may 
have different response according to the chemotherapy agent [44]. 
Neurotoxicity varies among chemotherapy drugs according to 
treatment schedule, dose, and combination or single agents. Hence 
it is frequent to observe trials evaluating the same treatment for 
CIPN in a population receiving different chemotherapies. The rea-
son for it is that a treatment may demonstrate effects for a chemo-
therapy agent, while for another agent it will not consider all the 
variants among treatment.

6.1 The Role of Drug, 
Procedure, and Device 
Studies
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The majority of the reviewed studies had chemotherapy agent 
involved as an intervention, in order to evaluate dose to prevent 
CIPN, it incidence according to chemotherapy agent or treatment. 
Table 5 illustrates the distribution of it.

Another intervention to prevent PN was the use of vitamins 
combined with chemotherapy agents. Additionally, among the 
interventions to avoid neurotoxicity are the use of a safe dose, with 
this aim, five studies had distinct comparable dosage arms. Table 6 
indicates the interventions used by the 100 most cited papers.

In this review, a few etiologies of PN had a low frequency. In order 
to highlight their intervention, we organized Table 7 with each 
one of them. Research on drugs, procedures, and devices are mixed 

6.4 More Etiologies 
of PN

Table 4 
Diabetic peripheral neuropathy interventions

Drugs N Device N

Tupiramate 1 Photon stimulation 1

Lacosemide 1 ATS therapy 1

Ruboxistaurin 2 Whole body vibration therapy 1

Ruboxistaurin mesylate 1 Spinal cord stimulation 1

Pregabalin 7 Anodyne light therapy 1

Gabapentin enacarbil 1 Active MIRE 2

Gabapentin 3 Procedure N

Vitamin B1 + Vitamin B6 1 Leg strengthening exercise + motivational phone call 1

Fidarestat 1 Leg strengthening + balance exercises 1

Epalrestat 3 Motor learning of a gate pattern 1

Tapentadol ER 2 Exercises in a standing up position 1

Alpha lipoic acid 3 Exercises in a sitting or lying position 1

QR-333 1 Aerobic + strengthening exercise 1

Venlafaxine HCl 1 Diabetic foot care education 1

Minocycline 1 Exercise regime 2

Carbamazepine 1 Therapy as usual 1

Amantadite 1 Cognitive behavioral therapy 1

l-Methylfolate 
calcium + methylcobalamin + pyridoxal

1 Backwards walking 1

Venlafaxine 1 Meditation 1

Dextromethorphan + quinidine 1 Acupuncture 1

Tramadol 1

Rafaelly Stavale et al.



Table 5 
Frequency of prevention, treatment, and incidence interventional  
trials for CIPN

Prevention Treatment Incidence Total

13 16 3 32

Table 6 
Interventions used in the included clinical trials

N

Drugs and chemotherapy agents

Thalidomide 1

Thalidomide + Melphalan 1

Doxorubicin + cyclophosphamide + Docetaxel 1

Doxorubicin + cyclophosphamide 1

Docetaxel 1

Paclitaxel 2

Paclitaxel + Vitamin E 1

Paclitaxel + Glutamine 1

Oxilaplatin + Vitamin E 1

Vitamin E 2

Oxilaplatin + Mangafodipir 1

Ketamine + Amitriptyline 1

Bortezomib 4

Bortezomib + doxorubicin + dexamethasone 1

Lamotrigine 1

Glutathione 1

Paclitaxel + Cremophor EL + Ethanol 1

Duloxetine 1

Bacoflen + amitriptyline + Ketamine gel 1

Recombinant human leukemia inhibitor factor 1

Omega-3 fatty acid 1

Epothilone Sagopilone + Acetil l Carnitina 1

Bortezomib + Dexamethosone 1

Dexamethasone + Cyclophosphamide + Etoposide + Cys-platinum 1

Notriptyline 1

(continued)
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among these etiologies. Interestingly, our evidence showed acu-
puncture as a common procedure tested among through different 
causes of PN, such as HIV-PN, DPN, CIPN, and undefined PN.

7 Study Duration

During the planning phase of a clinical trial, researchers may won-
der how long a study should last in order to provide useful data 
and respond their main research questions. In the case of periph-
eral neuropathy, this decision will be based on the studied etiology, 
treatment duration and the costs for a long trial duration. The 
etiology studied is relevant due to the characteristics of the popula-
tion selected when someone enters the trial; this is defined as the 
baseline characteristics. For instance, a study conducted for 
Chemotherapy-Induced Peripheral neuropathy, must take into 
account life expectancy related to the disease and treatment the 
participant is undergoing prior to or within the study. It makes no 
sense, to conduct a trial of 12-month duration or 5-month treat-
ment with population who has 3 months of life expectancy. 
Therefore, the treatment duration, the etiology of PN and the 
population features must be aligned during the study planning. 
Considering the important role of these topics to the study dura-
tion we will explore the trial duration for each etiology of PN on 
the following subsections.

N

Vincristine (VCR) 1

Vincristine + doxorubicin + dexamethasone 1

Lafutidine 1

Dexamethasone 1

Gabapentin 1

Device

MC5—A Calmare device 1

Scrambler therapy 2

Procedure

Acupuncture 3

Table 6
(continued)
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Table 7 
Low-frequency etiologies

Low-frequency etiologies interventions N

Uremic PN

High-tone external muscle stimulation 2

Diabetic kidney disease PN

Ruboxistaurin 1

Hemodialysis PN

Gabapentin and Pregabalin 2

Undefined PN

Acupuncture 1

Tai chi 1

Multiple etiologies of PN

Ondansetron 1

Pulse signal therapy 1

MeCbl 1

HIV

Acupuncture 1

Acupunture + Moxibustion 1

Capsaicin 1

Posttraumatic PN

Lidocain 1

Isotretinoin induced

Isotretionin 1

In the context of CIPN, the study duration must take into account 
number of chemotherapy cycles and life expectancy of participants. 
Therefore, this stage of designing relies not only on choice of out-
comes endpoints and intervention but on the study population as 
well. Previously, we reported the use a 3-month life expectancy as 
common eligibility criteria for CIPN research. The impact of it can 
be noticed in the study length, in which most of trials last at least 
3 months. According to Fig. 4, among 27 studies on CIPN, 4 had 
14 weeks of duration. Of these, two trials used a crossover design 
with 2 weeks wash out period between 6 weeks intervention, lead-
ing to 14 weeks trial duration. The other two defined the study 
period according to the chemotherapy treatment cycles. In 
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addition, depending on the research phase, the trial may have a 
longer or shorter length. This agrees with the long lasting 
160 weeks study, being a phase III. The graph of CIP Study 
Duration summarizes our research findings in this manner.

Researchers have a larger spectrum of time to conduct their trials 
in the context of DPN. This is a chronic condition associated with 
comorbidities and behavioral risk factors but not with reduced sur-
vival time expectancy as CIPN. Thus, in our review studies length 
varied from 11 days to 3 years duration (Fig. 5). Durable trials 
aimed to evaluate long-lasting effect of treatments while short-
range ones target initial safety and efficacy results.

7.2 Diabetic 
Peripheral Neuropathy

Fig. 5 Diabetic peripheral neuropathy duration

0

1

2

3

4

Fr
eq

ue
nc

y

Fig. 4 Chemotherapy-induced peripheral neuropathy

Rafaelly Stavale et al.



419

The main challenge for DPN is to establish the ideal study 
length to capture clinical and statistical significance. Hence, the 
decision of the study duration must be aligned with the accuracy of 
outcomes to detect immediately and, or posterior effect of a treat-
ment. In addition, the period for a therapy to show effect must be 
pondered. As mentioned in Sect. 6, a titration or taper phase for 
drug research has an influence on the study duration as well.

The type of intervention and phase will affect DPN study dura-
tion. Trials with devices tend to last a short period when the main 
goal is to evaluate safety and efficacy in a more immediately time 
frame. However, several authors made observations about the need 
of long lasting trials to observe results of a device or procedure 
through time. Therefore, when planning a study with DPN, it is 
important to take into account what was previously done and the 
actual needs for this field.

Uremic PN had two trials with the same study duration. Both 
exploratory researches aimed to test the same device. Perhaps 
because one was precursor of the other, the study duration was 
kept the same as a standard. Similarly, it was found for hemodialysis 
PN. In the case of diabetic kidney disease, we found a 3-year post 
hoc study that evaluated the protective effect of Ruboxistaurin. It 
was the longest trial of this group of etiologies due to a phase 
III. Table 8 summaries our review findings for Uremic and Renal 
Disease peripheral neuropathy study length.

HIV-PN studies had two different time duration, 4 and 15 weeks. 
The 4 weeks trial was a drug phase II, while the 15 weeks was a 
procedure exploratory research. In our review, there was not 
enough evidence to make a rational of study length for this etiology. 
Although further investigation is needed, general considerations for 
this topic may be applied as well.

8 Outcomes

The choice of outcomes is highly relevant when designing a study. 
It can be challenging depending on the disease, intervention, and 
study aim to select the optimal measurement (if there is such 
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Table 8 
Uremic and renal disease peripheral neuropathy length

Hemodialysis PN Uremic PN
Diabetic 
kidney disease

Study duration (days) 98 90 730

Frequency 2 2 1
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measurement) [45]. Therefore, awareness of types of outcomes 
and its implications for research need to be contextualized.

For our data collection, we classified outcomes as clinical, func-
tional, and surrogate. Clinical outcomes provide information about 
patient feelings, habits, and behavior. It is a subjective measure-
ment often collected using scales and questionnaires. Functional 
outcomes are directly related to daily leaving activities. Surrogate 
outcomes are objective measurements of physiological function, 
for example laboratory exams [45, 46]. The graph (Fig. 6) repre-
sents the distribution of type of primary outcomes for the 100 
articles accordingly to study phase.

It is important to select a validated tool to measure what your 
research aim to answer. Trials on PN often use subjective scales to 
measure pain as a main outcome. For instance, 32% of our 
searched trials used VAS and/or 11-point-NRS to assess pain, 
and established a standardized cutoff point in order to assess clin-
ical significance. In addition, evaluation of severity of disease is 
among the primary goal of PN studies, which clinical and surro-
gate outcomes can be used.

Additionally, consider the use of surrogate outcomes. They are 
more sensitive to detect a minimal difference without the need of 
several event rates. Consequently, the sample size required for the 
study may be reduced and the accuracy of results is increased. 
Surrogate outcomes play an important role for PN research because 
this disorder is characterized by physiological changes in neuronal 
function. Therefore, electrophysiological studies are interesting to 
evaluate affected nerves and what is the disorder extension. 
Electrophysiological studies such as Minimum F-wave Latency 
test, Vibration Perception Threshold (VPT), Sensory Nerve Action 
Potential (SNAP) and, or Nerve Conduction Velocity (NCV) were 
used in 23% of our searched trials for screening patients according 
to their baseline characteristics and for the primary endpoint. In 

8.1 Types 
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Fig. 6 Types of outcomes related to study phase
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fact, 63% of the papers reviewed using surrogate outcomes had at 
least one of those outcomes previously mentioned.

Nerve Conduction Studies (NCS) and EMG (needle electro-
myography) are the main tests for electrophysiological studies 
used at researches in this review. Sensory and motor NCS test usu-
ally includes specialized parameters to be analyzed, such as ampli-
tude, latency and velocity of the stimulus conducted through the 
nerve. Those features indicate the state of myelination and pres-
ence or not of axon loss.

Also, comorbidities of PN such as cancer, HIV, diabetes and 
kidney diseases have important surrogate outcomes as indicators of 
its status. Following comorbidities activity is important because it 
affects PN and may affect the treatment success as well.

When selecting clinical and functional outcomes, a decision 
must be done regarding how to collect data. The National Cancer 
Institute—Common Toxicity Criteria (NCI—CTC), Pain Disability 
Index (PDI) and Neuropathy Pain Scale (NPS) are examples of 
means to access PN either with patient self-report or with a physi-
cian based assessment. Through the 100 most cited papers, studies 
used patient self report in a diary as data collection, while other 
studies used a trained physician to assess data. Both strategies have 
advantages and disadvantages. Patient-assessment or physician-
assessment of PN scale instruments may over or underestimate 
severity of disease [47, 48]. Patient-assessment reduces costs but it 
may affect the quality of information, since they may not report 
everything or under or overestimate the importance of a finding. 
The use of a physician to assess data must take into account the 
professional capability of doing it. One paper had its results ques-
tioned due to outcome assessment being made by a professional 
with not enough training. Thus, this must be considered for study 
planning and interpretation of results of a clinical research.

The three main clinical outcomes for PN encompasses the 
Brief Pain Inventory (BPI); Numeric Rating Scale (NRS) and 
Visual Analogue Scale. The BPI scale is validated and widely used 
to assess pain. It is able to detect sensory and reactive dimensions 
of pain. Wherein sensory dimension stands for intensity or severity 
(worst, least, average) of pain and reaction stands for daily function 
impairment (mood, walking, sleeping etc.).

The VAS is an instrument to evaluate if participants have no 
pain up to unbearable pain by indicating their pain status in a scale. 
This is a visual scale graded in millimeters, meaning 0 mm is equiv-
alent to absence of pain and 100 mm meaning severe pain. It can 
be used a 0 to 10 scale, drawings representing a range of expres-
sions of pain. This instrument can be used to measure other char-
acteristics rather than pain. Finally, the NRS scale is also not specific 
used for pain. It varies from 0 to 10, having up to 11 points to 
measure pain. Both scales are often used for self-report of pain.

Peripheral Neuropathy
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Although VAS and NRS was commonly used as primary out-
come to assess pain, those instruments were seldom used alone. 
Outcomes such as instruments to evaluate quality of life (SF-36 form) 
or even pain (McGill Pain Questionnaire, BPI among others) were 
often utilized for secondary analysis by complementing information.

Peripheral Neuropathy—PN diagnostic criteria vary across physi-
cians. Acknowledgment of the strategy used for screening assist 
others researchers on the generalizability of study findings. In addi-
tion, these criteria support the identification of the primary or mul-
tiple causes of the disease and its severity. Thus, it is recommended 
to mention the standardized principles used for screening.

Peripheral neuropathy screening criteria is mostly based on 
scales for pain severity, neurotoxicity or surrogate electrophysio-
logical findings. Among those measures clinical, functional and 
surrogate outcomes are used. The usage of reliable screening out-
comes is fundamental to avoid bias and confounder. Furthermore, 
it assists on selecting baseline PN characteristics and a balanced 
study population. Hence, these features of outcomes are conve-
nient for trials with stratified randomization.

Chemotherapy-Induced PN trials, of our search, often used 
surrogate outcomes to confirm cancer diagnoses and neurotoxicity 
instruments to evaluate PN. Diabetes Peripheral Neuropathy trials 
used glycemic control plus pain scales or electrophysiological stud-
ies to screen patients. Some articles reported the instruments used 
for screening; Table 9 illustrates the main tools for this purpose.

Endpoints refers to how a direct measure of body function, bene-
fits detected by the participant, survival or a surrogate outcome are 
evaluated [45, 49]. The same outcome can be analyzed through 
different cutoff points that represent a range of significances.

8.3 Screening or 
Diagnose Outcomes

8.4 Endpoints

Table 9 
Reported screening instrument

DPN CIPN HIV Hemodyalisis PN

•  Diagnosis and classification of 
diabetes mellitus and its 
complications by the World 
Health Organization

•  Michigan diabetic neuropathy 
score

•  Semmes-Weinstein monofilament
•  Glycosylated hemoglobin 

(HbA1c)
• Electrophysiological studies

• National Cancer Institute—
common toxicity criteria 
(NCI—CTC)

• NCI common terminology 
criteria for adverse event

• Electrophysiological studies
• Patient neurotoxicity 

questionnaire (PNQ)
• Biopsy

• Gracely 
pain scale 
(GPS)

• Hospital 
Data Base

• Short form of 
McGill pain 
questionnaire
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Clinical response on PN trials refers to the assessment of signs and 
symptoms of the disease, for instance pain, numbness, vibration 
perception, quality of sleep, among others. A large number of trials 
target clinical response mainly due to the fact that PN have signifi-
cant assessable clinical manifestations. Hence, around 72 papers 
used a variation of clinical outcomes to evaluate the effect of an 
intervention. Of those, only four had a clinical measurement as a 
co-primary for a surrogate outcome.

Through our review, trials using 11-point NRS considered a 
reduction of at least 30% or 50% a clinical significant change. Some 
considered at least a 20% reduction. As for Visual Analogue Scale, 
a change of 3 cm was assumed significant. Another approach was 
to evaluate difference from baseline until the last data collection. 
Moreover, few studies adopted a self-report diary to access clinical 
response from baseline to the end of the trial.

Through our review, primary surrogate endpoints consisted basi-
cally of electrophysiological studies. However, some studies used 
laboratory measurements for safety. Specially, in the context of 
CIPN, the use of creatinine level, white blood counts, and hemo-
globin counts were applied. For other etiologies such as DPN the 
surrogate outcomes were skin microvasclular blood flow (SkBF) 
and HbA1c levels while for hemodyalisis PN, eGFR measurements 
were considered.

Time to event is the outcome for survival analysis, a statistical 
method to infer about events that had occurred and have not until 
the end of the trial. Censoring information based on data set allows 
statistical analysis even when the studied event has not happened. 
Although it may add complication to interpretation of results, it is an 
interesting approach for research regarding reversibility or occur-
rence of an event. In the context of PN, it could be used for CIPN 
etiology, where a survival rate of patients also affects the study 
planning.

This type of measure is used when time have an important pat-
tern for assessment of results. In our review one trial for CIPN 
used time to event as an outcome [11]. This particular study aimed 
to evaluate reversibility of CIPN due to bortezomib through time 
according to chemotherapy cycles. For it purpose, they created an 
algorithm with time to event based on the European Blood and 
Marrow Transplant Group criteria for disease progression.

Chemotherapy-Induced Peripheral Neuropathy is a sign of neuro-
toxicity that may cause therapy withdrawal or dosage adjustment. 
Therefore, trials for this etiology used adverse event scales to iden-
tify neurotoxicity. The most applied instrument to evaluate neuro-
toxicity was the National Cancer Institute Common Toxicity 
Criteria, it was used in ten trials.

8.5 Clinical 
Response Endpoint

8.6 Surrogate 
Endpoint

8.7 Time to Event

8.8 Neurotoxicity
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9 Sample Size

The sample size calculation is a critical step during the design 
phase of a research study. Underestimation or overestimation of 
the sample size may occur if it is not well calculated, carrying sev-
eral methodological issues [50, 51]. For instance, overestimating 
the sample size can add to the participant unnecessary risks and 
higher costs to the study. Similarly, underestimating the sample 
size may generate results with lack of power to demonstrate a 
clinical effect, thus limiting the generalization of the findings [50, 
51]. Therefore, some important parameters should be considered 
during sample size calculation, such as the study design, the out-
come variables, the significance level or alpha value, the power, a 
measure of variation (Standard Deviation), and the expected effect 
size (Charan et al.). As mentioned above, understanding the ratio-
nale behind the sample size calculation is a fundamental phase for 
the clinical practice on peripheral neuropathy.

Reporting correctly the methodology employed to calculate the 
sample size becomes also an important feature in clinical research. In 
this review of peripheral neuropathy, 45 studies reported how they 
calculated their sample size. However, only 33 studies reported 
three of the mentioned parameters (significance level, power and 
effect size). Adequate report of sample size calculation is of high 
importance for readers because it allows them to interpret results 
and bring them to clinical practice on peripheral neuropathy.

Among those parameters, a level of significance or type I error 
of 0.05 was the most common employed by researchers on periph-
eral neuropathy. This is expected, since alpha levels below 0.05 are 
only appropriate in specific settings such as an expensive drug asso-
ciated with serious side effects. Only two studies on peripheral 
neuropathy employed a type I error lower than 0.05 [9, 52]. Both 
of them are phase II multicenter trials using a drug as an interven-
tion. In these specific situations, researchers might want to mini-
mize the type of error to 0.15 [52] and 0.01 [9] to reduce 
significant risks to the participants. In addition, in this review there 
was a predominance of a type II error of 80% or more, which means 
that investigators will accept a risk of at least 20% of do not detect 
a difference when it actually exists.

The estimation of the difference between groups is often chal-
lenging. This estimation should reflect the results of previous 
investigation on peripheral neuropathy, which in clinical trials is 
usually reported as pearson correlation (r), mean differences 
between interventions, or odds ratio (OR). Moreover, in order to 
predict effect size, a researcher has to make assumptions regarding 
both the control group response, and the expected effect of the 
active group. Most studies on peripheral neuropathy did not report 
the research type from where the authors predicted the treatment 
response (72%), while 12% were from clinical trials.
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Table 10 

Statistics

Total

Alpha level 100

0.05 64

Two-sided 15

Not specified 49

0.025

Two-sided 5

Not specified 1

0.15 two-sided 1

0.01 not specified 1

Not reported 25

Power 100

80% 26

83% 1

85% 1

90% 11

95% 1

96% 1

Range 71–96% 1

Not reported 58

Control and active group expected effect 100

Observational data 1

Previous clinical trials 12

Not specified 72

Attrition 100

50% 2

30% 1

20% 6

10% 4

Not reported 85
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An example of a report of sample size on peripheral neuropa-
thy with all the important elements was the study developed by 
Fonseca et al. [53]. This is a randomized clinical trial testing 
whether the combination of l-methylfolate, methylcobalamin, and 
pyridoxal-5′-phosphate improves sensory neuropathy in patients 
with type 2 diabetes. The authors described the sample size calcu-
lation as follows: “the sample size of 216 subjects was calculated 
based on an analysis of variance model, assuming an SD of 16 for 
the primary endpoint of change in vibration perception threshold 
(VPT), with a significance level of 0.05, and assuming a drop-out 
rate of 20%, such that 90 patients per arm would complete the 
trial”. The cited paragraph provides information of all elements the 
authors had to take into account in order to calculate their sample 
size. Thus, sufficient information was provided to replicate the 
methodology of sample size calculation in another study. Moreover, 
the alpha (two-sided, 0.05) and power level (80%) reported meet 
the statistical standards for clinical trials [54]. Further, the effect 
size was estimated utilizing previous evidence from clinical trials, 
which minimizes the risk of under or overestimation of the sample 
size. Table 10 summarizes statistical findings through this review.

10 Randomization

Random allocation qualifies RCTs as the gold standard in medi-
cal research. The main goal of randomization is to balance the 
distribution of known and unknown prognostic factors across 
groups [55, 56]. Therefore, comparison groups differ only by 
their intervention, and any observed difference in outcome is 
likely to result from differences in treatment effect. This way, 
randomization minimizes the probability of selection and con-
founding biases [55, 56].

Proper employment and clear reporting of randomization are 
central for scientific accuracy and credibility. The CONSORT cri-
teria determine that researchers must report the following items in 
published articles: type of randomization, randomization sequence 
generation, implementation of randomization, and allocation con-
cealment. We will stress each one of these topics hereon [50].

In the context of Peripheral Neuropathy researchers may use 
randomization to control for other factors associated with the dis-
ease. As we previously discussed, PN is associated with several 
comorbidities, different levels of disease, affected members and eti-
ologies. It is fundamental to apply a randomization method in 
order to avoid bias. Of the 100 most cited papers, 28% were of 
nonrandomized trials.
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This refers to how the allocation sequence for patients is conducted 
through the experiment [55]. Common randomization sequence 
generation is made with the use of a numeric table or computer-
generated sequence. For the selected studies of PN, 72% were 
RCT. However, among the RCTs, 56.9% of the papers did not 
report sequence generation conduct.

The majority of RCTs used a computer-generated sequence 
(58%) followed by 16.1% that used a numeric table and approxi-
mately 1% that used Interactive Voice Response System. Among 
the less used strategies, we found a web-based system, heads-
and-tails, algorithm, Zelen design, and random numbers from a 
sealed envelope.

In this systematic review we considered the following types of 
randomization: simple, stratified, block, adaptive, and minimiza-
tion. The graph (Fig. 7) illustrates our findings for randomization 
type between RCTs.

Of the randomized studies, 25 studies did not report the type 
of randomization used in the trial. This finding may be due to the 
fact most of the retrieved papers were not published in journals 
endorsed by CONSORT guidelines.

Stratified randomization is used to control baseline characteris-
tics—covariates—that may influence research results. This method 
creates separate randomization schedules for selected strata defined 
by important prognostic factors [55]. For instance, CIPN studies 
controlled for chemotherapy drugs because neurotoxicity is known 
to vary among different agents. However, the use of stratified ran-
domization has implications for the statistics analysis. Stratified 
studies have to address each variable that was used to stratify ran-
domization. Although this adds more complexity to statistical anal-
ysis, it is an interesting method for PN, because this is a condition 
with several possible covariates to be considered [55, 56].

10.1 Randomization 
Sequence Generation

10.2 Type 
of Randomization

Type of Randomization

Fig. 7 Types of randomization
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Additionally, stratified randomization must be carefully planned 
to have enough sample size in each stratum. Balanced groups can 
be reached when combining stratification with another restriction 
method such as block or minimization [55, 56]. In our search, only 
CIPN and DPN used stratified randomization. Table 11 represents 
the stratified features according to peripheral neuropathy etiology.

Blocked randomization is an alternative when researchers want 
to ensure same number of subjects across groups [55]. Briefly, this 
method randomizes several subjects at time in blocks of fixed or 
permuted sizes. In this way, it is possible to guarantee that 

Table 11 

Stratification features per PN etiology

Chemotherapy-induced 
peripheral neuropathy N

Diabetes peripheral 
neuropathy—DPN N

Center 2 Center 2

Age 3 Country 1

Sex 1 Age 2

Chemotherapy agents 5 Sex 3

Chemotherapy treatment 
status—undergoing; prior or 
not

4 Median motor nerve 
conduction velocity

2

Time to PN progression after 
last treatment

1 HbA1C 3

Chemotherapy dosage 1 Baseline pain intensity 1

Use of opioids or pain 
medication for PN

2 Use of opioids or oral pain 
medication

1

Pain risk or ratings 2 Height 1

β2-microglobulin 1 Diabetes type 1

Tumor diameter 1 Michigan diabetic 
neuropathy score

2

ER/PR status 1 Interventional treatment 
dosage

2

HER2 status 1 Not reported 2

Auxiliary lymph node status 1

Surgical procedure 1

Clinical severity of PN 1

Number of previous 
chemotherapy agents

1
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comparison groups will have equal sizes throughout the trial. This 
feature is very important when it comes to carrying out interim 
analysis or when researchers are working with small sample sizes. 
On the other hand, this method does not abolish the risk of get-
ting imbalanced groups for important prognostic factors [55, 56]. 
Blocking can be performed with fixed or permuted sizes. By fixed 
blocks, it is assumed all have the same number of participants (i.e., 
blocks of 4), and by permuted the quantity of members in each 
block may differ. Fixed blocks increase the chance of uncovering 
participants’ allocation concealment. Through our search, only 12 
trials adopted this method. Also, some of these studies used block 
randomization as a restriction for stratified randomization. The 
majority of papers did not specify the type or number of blocks. 
Three papers mentioned the use of permuted blocks and three 
more specified the number of blocks (4; 2, 4 or 6 and 6).

Simple randomization is composed by a single sequence of 
random assignments [57]. Similarly to a toss of a coin, it gives each 
subject a 50% chance of receiving active or control treatments. The 
main drawback of such method is the risk of getting imbalanced 
groups, or groups with different sample sizes, when applying it to 
small sample sizes. In contrast, simple random allocation is 
 unpredictable and able to prevent selection bias in relatively big 
samples. Only 12% out of 100 papers used this methodology.

For researches with Zelen design, randomization sequence 
generation is not concealed. Participants are informed about the 
intervention they are allocated to. Afterwards, they may accept or 
not the treatment allocation and make a decision about consent to 
enter the study or not. If participants decline to joy the study, other 
therapies may be offered. Due to this type of study, adherence may 
increase. However, researchers ask about the capability of this 
strategy to maintain the advantages of randomization and ethical 
application. Regardless of using the Zelen design, report about 
type of randomization, sequence generation and implementation 
of randomization may add credibility to the study.

Adaptive randomization, minimization method and Zelen 
design was the less reported strategies through our search. As for 
adaptive randomization, only seven papers reported the use, as for 
minimization method one and for zelen one.

Another key process to achieve appropriate randomization is 
allocation concealment. Regardless of having a random alloca-
tion sequence, prevention of foreknowledge of treatment assign-
ment avoids introduction of selection and confounding biases 
[58]. Moreover, previous trials have shown that inappropriate 
allocation concealment undermines the randomization process, 
because those responsible for enrolment may assign patients for 
groups based on their beliefs [58, 59]. In this context, sealed 

10.3 Allocation 
Concealment
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envelopes or telephone-based are commonly used to conceal 
treatment assignment.

Most studies in peripheral neuropathy did not report the 
employed allocation concealment (76.3% of RCTs). This is a higher 
frequency than the observed in reports showing an omission rate 
of 45% in general medical journals. The inadequate report of allo-
cation concealment, as previous commented, have implication on 
readers’ evaluation about introduction of systematic errors.

Alternatively, among those trials that reported concealment 
methods, approximately 11% used sealed envelopes, whereas less 
than 1% utilized telephone-based. These methodologies are consid-
ered appropriate, however reports have shown that investigators are 
able to subvert them in some occasions. Therefore, addition strate-
gies to maintain allocation concealment may be applied as well.

Besides random sequence generation and proper allocation conceal-
ment methods, the implementation must be planned to avoid selec-
tion bias [55, 58, 59]. Thus, it is important to ensure that those who 
generate the allocation sequence and/or conceal the allocation 
schedule are not involved in enrolment or assignment of patients. 
From the selected RCTs in this review, 25 studies out of 72 reported 
the person responsible to generate the randomization list.

11 Blinding

Blinding is a strategy to hide patient’s treatment assignment and 
therefore it is essential to prevent ascertainment and perception 
bias on clinical research. For trials using self-report data collection 
for PN, blinding is also necessary to reduce Hawthorn and placebo 
effect [60, 61]. Awareness of blinding approach assists readers to 
evaluate how sources of systematic error were evaded. Additionally, 
approaches to reduce bias suggest more reliable results [60, 61].

A complete report of blinding must contain information about 
its type, strategy for application, similarity of interventions, the 
blinded and the assessor investigator. Among our search, only 8% 
of the publications did not report information regarding the blind-
ing process. Although most of the trials in our evidence reported 
at least one aspect of blinding, only 8 articles out of 100, provided 
complete information regarding it.

This review considered three types of blinding: open label, single 
blinded and double blinded. This classification is based on who is 
blinded in the study—participants, assessor, physician, and, or stat-
istician [60, 61]. Open label studies do not hide participant’s allo-
cation; single blinded have one level of blinding—for instance, 
participants or physicians; double blinded have two levels of blind-
ing such as participants and assessor. The blinded investigator may 

10.4 Implementation 
of Randomization

11.1 Type of Blinding
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vary from study to study, the graph (Fig. 8) illustrates the level of 
blinding in the articles searched.

The similarity of interventions has influence on the conserva-
tion of blinding. Therefore, a proper manufacturing of drugs 
and devices is needed [60, 61]. In the context of peripheral 
neuropathy, when the interventions consisted of drugs, the use 
of placebo matched in appearance, taste, smell, weight, disposal 
containers and administration rout secure blinding for partici-
pants and study personnel.

Peripheral neuropathy studies using devices face some chal-
lenges to protect blinding. The device may be matched in appear-
ance to maintain investigators blinded, however the sensation of 
the active and sham procedure may allow participants to guess the 
treatment that they were assigned to, especially if they have previ-
ous experience with the intervention. Thus, eligibility criteria may 
assist to secure blinding by selecting patients who never had treat-
ment before with the device. Another strategy is to use tools to 
simulate the same sensation that the active treatment provides. For 
instance, two studies with photo energy used heaters in the shame 
device to trick participants.

Among the procedure studies with PN, similarity of interven-
tion consisted of similar procedure duration, smell of the ambient, 
and location of the procedure—these were used by Anastasi and 
colleagues for acupuncture trial [36]. Comments regarding simi-
larity of intervention for double-blinded studies were present in 28 
out of 45 papers. Some authors explained similarity of administra-
tion rout and schedule; others highlighted the use of same label for 
different drugs. The use of a code number to avoid identification 
of participants’ name was also implemented.

11.2 Similarity 
to Intervention
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Fig. 8 Blinding level
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Blinding assessment is recommended to evaluate the risk of bias. It 
is usually performed by the application of a questionnaire at the end 
of the study. Study personnel intended to stay blinded (e.g., partici-
pants, study personnel) are asked to guess to which treatment they 
were assigned, similarity of intervention, among other questions. 
There are several tools to evaluate blinding, however it is not a 
common practice to report risk of systematic error due to lack of 
blinding [62]. Through our search, only three research works 
implemented an evaluation questionnaire at the end of the trial.

12 Recruitment

Participant recruitment in research studies has been one of the 
major challenges. Investigators should follow appropriate recruit-
ment strategies during each study phase. If this is not the case, low 
recruitment rates could lead to failure of the research. Therefore, 
before start the recruitment process, investigators should spend 
sufficient time planning the recruitment strategies [63, 64].

The first step that studies on peripheral neuropathy should 
perform is to define the target population in order to enroll them 
into the protocol study. The target population can be determined 
based on clear inclusion and exclusion criteria, which allows screen-
ing potential participants that will take part of the study. During 
the recruitment planning investigators should also take into 
account a common principle called the funnel effect or Lasagna’s 
law [63–65]. This phenomenon refers to an overestimation of the 
amount of participants willing to participate in a research study. 
Even more, after enrolling them into the protocol study; investiga-
tors may expect a decline in the amount of participants suitable to 
be randomized. In addition, based on this principle only 10% of 
the accessible population will be eligible for the study.

For instance, Richter et al. [66] performed a randomized clini-
cal trial that initially included 396 participants. However, a total of 
150 participants were screened out, of them 135 participants did 
not meet the study criteria, 3 participants experienced adverse 
effects, and 12 participants for other reasons. This process reflects 
the high impact of the recruitment strategies on the success or 
failure of a clinical trial.

13 Adherence

Adherence in clinical research refers to the compliance of partici-
pants to act in concordance with the study protocol. The poor 
adherence to the study protocol may have several consequences 
that affect the regular developing of a clinical trial, such as the 
exposition of unnecessary risk to the participants, inaccuracy of the 
results, and longer period of the study [65]. Therefore, poor 

11.3 Blinding 
Assessment
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adherence can impact negatively the performance of the study, 
leading to stop the trial earlier.

Several factors have been identified as facilitators of low adher-
ence, such as participants, intervention, and the disease. The belief of 
the participant play an important role to follow the study protocol as 
well as important is the access of the subjects to the research institu-
tion in order to continue the study visits [65]. Secondly, the side 
effects secondary to the intervention tested by investigators also can 
decrease the adherence rate affecting the participation during anytime 
of the study. Contrary to this, some diseases due to the natural course 
can impose a higher difficulty to follow the study protocol such as 
HIV, psychiatric conditions, and pediatric populations [63, 65].

In this context, the mean adherence rate of peripheral neuropa-
thy studies was 85% (Table 12), while only in 12 studies the adher-
ence rate was not reported. Similarly, the methods to improve 
adherence were not properly described in most of the studies (90%). 
However, only six investigations on peripheral neuropathy reported 
a run-in phase in order to ensure a participant adherence during the 
trial. Three studies employed a phone call technique to remind the 
study visits. Phone calls are useful for trials that have outpatient 
follow-ups, increasing retention substantially. LeMaster et al. con-
ducted a randomized clinical trial to determine the effect of a lower-
extremity exercise and walking intervention program on 
weight-bearing activity and foot ulcer incident in patients with DM 
and polyneuropathy [67]. In this trial, the study nurse performed 
calls every 2 weeks for a minimum of 10 min to motivate partici-
pants to follow their study protocol (walking plan). Moreover, the 
study nurse received 1 week of intensive training in motivational 
interviewing techniques to assure an effective method to retain par-
ticipants in the protocol. This study reflects the importance of 
methods to improve adherence in a research study. The methods to 
improve adherence increase not only subject retention, also to solve 
questions or issues from participants related to the study. Table 12 
summarizes our findings regarding methods used for adherence.

Table 12 
Methods for improving adherence

Adherence

Overall (%) 85%

Not reported (n) 12

Methods to improve adherence (n)

Run in phase 6

Phone calls 3

Payment for transportation 1

Not reported 90

Peripheral Neuropathy
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14 Statistical Analysis

Appropriate statistical analysis is critical for answering the tested 
research questions. Although there are many ways to analyze data, 
researchers have to follow basic assumptions when planning their 
statistical approach (Consult Chap. 1). In addition, researchers 
have to be acquainted to the main advantages and disadvantages of 
each analysis method in order to extract the best of their data [68].

As discussed previously, the main outcomes on peripheral neu-
ropathy measure either clinical symptoms, electrophysiological 
parameters or toxicity. Further, we showed that Numerical Rating 
Scale and Visual Analogue Scale are the most frequently used 
assessments of symptoms, mainly pain. In addition, NCI criteria 
are the most used scale for toxicity, while many electrophysiologi-
cal measures were employed in the studies.

Study endpoints can be further classified based on their level of 
measurement (Consult Chap. 1 for more details). Furthermore, the 
statistical analysis of a study depends strictly on the type of level of 
measurement considered for the study. Therefore, we will discuss 
the most frequently used statistical analysis for each type of data in 
order to guide clinical researchers during the design of a trial.

In this review, only one clinical trial used time-to-event data as its 
primary outcome (Table 13).

In this chapter, 13 clinical trials had categorical data as their pri-
mary outcome. Chi-square was the most employed statistical test 
for this type of data. Further, other four trials analyzed categorical 
endpoints with Fisher’s exact test. As discussed on Chap. 1, this 
test is an alternative to Chi-square when researchers are dealing 
with small sample sizes, and the main assumption for this test is not 
fulfilled [68]. Therefore, nine studies in total analyzed their pri-
mary outcome using tests that compare observed and expected 
values in tables of contingence. These tests are relatively simple to 
perform, and easy to understand.

In addition, two trials used logistic regression models to ana-
lyze their primary endpoints. Logistic regression models allow 

14.1 Time-to-Event 
Data

14.2 Categorical 
Data

Table 13 
Time to event data

Frequency
Kaplan-Meier 
curve

Overall 1 1

Time-to-progression 1 1
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researchers to adjust the statistical analysis for confounders and 
effect modifiers (Chap. 1). This approach enabled authors to 
identify small differences that could have remained undetected in 
direct comparisons between study groups. Finally, two studies 
only described frequencies and 95% confidence of intervals, while 
one employed the Cochran-Mantel-Haenszel model. Table 14 
summarizes the statistical analysis by outcome.

Studies on PN had continuous data as their primary outcome. 
Among these, 26 studies studied NRS or VAS with different 
approaches. Most trials analyzed NRS/VAS means with an analysis 
of covariance model (ANCOVA) adjusting for baseline values. A 
significant number of these studies opted for repeated-measures 
ANOVA model with time as one the independent variables. Seven 
studies compared means or medians using t-test (five studies), 
Wilcoxon signed-rank (1) or Mann-Whitney U test (1), depending 
on the distribution of the data. The option of using a nonparamet-
ric test is guided by the normality assumptions explained on Chap. 
1. Overall, parametric comparison of means has more power than 
nonparametric tests. However, in the context of small samples that 
do not meet these assumptions, the use of nonparametric 
approaches is valid. Table 15 illustrates our statistical findings for 
continuous data.

14.3 Continuous 
Data

Table 14 
Statistics approach by outcome

Frequency Descriptive
Fisher’s 
exact test

Chi-
square

Logistic 
regression

Cochran-
Mantel-
Haenszel

Overall 13 2 4 5 2 1

Overall response rate 2 1 1

NCI toxicity 2 1 1

NRS (>50%) 2 1 1

Symptoms (mild/moderate/
severe)

2 1 1

PNP score 1 1

WHO criteria physical and 
neurological examination

1 1

CTCAE 2 2

Clinical response (improved, 
unchanged, aggravated, 
increased or other)

1 1

Reduced total neuropathy 
score

1 1
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The concept of missing data is an important feature to understand in 
order to handle the data of a research study. If the missing data is not 
properly handled by the investigator, the analysis of the data will 
generate inaccurate or biased results. Therefore, investigators should 
understand the different methods to handle the missing data.

There are three types of missing data mechanisms, missing 
completely at random (MCAR), missing at random (MAR), and 
missing not at random (MNAR) [69]. The main idea behind this 
classification is whether the missing values are related to the study 
outcome and/or independent variables. Missing completely at ran-
dom (MCAR) defines the case when missing values are indepen-
dent of study outcomes and independent variables [69]. In 
contrast, missing at random (MAR) occurs whenever missing data 
depends on independent variables but do not relate to the out-
come [69]. Finally, in missing not at random (MNAR) the missing 
data relates to study outcomes [69].

To deal with the aforementioned types of missing data, research-
ers have different options depending on the context. The most sim-
ple but worst methodology consists in analyzing only the subjects 
who completed the study, which is defined as the Complete Case 
Analysis (CCA) or Per-protocol analysis. This approach is valid when-
ever the mechanism of missing data is MCAR. However, this 
approach leads to decreased study power, since it excludes subjects 
from the main analysis. Therefore, the most recommended approach 
by the CONSORT criteria is to use a method of imputation of miss-
ing observations and analyze all participants as they were random-
ized, which is called intention-to-treat (ITT) analysis [50]. This 
approach allows researchers to preserve the benefit of randomization 
on statistical inferences, and can be used for MCAR and MAR mech-
anisms of missing data [69]. Further, there are different methods for 
imputing missing data and comply with the ITT principle. Those 
methods range from simple imputation approaches (e.g., last obser-
vation carried forward, worst case scenario, mean/median imputa-
tion) to sophisticated techniques (e.g., multiple imputation) (consult 
Chap. 1 for more details). Finally, there is no efficient method to deal 
with MNAR data, since the missing observations are directly related 
to the study outcome [69].

Most of the studies on peripheral neuropathy did not report 
the method of handle missing data (Table 15). Moreover, 28 
studies described the type of method used to impute the missing 
data. Twenty-one performed the last observation carried for-
ward (LOCF), which consists on imputing missing data from the 
last known outcome value. The LOCF is the most common 
method of imputation in clinical trials, according to the 
CONSORT guidelines [50]. However, authors have reported 
some limitations of this method due to the primary assumption, 
which consist in the lack of change in the outcome values from 

14.4 Missing Data
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Table 16 

Methods to handle missing data

Frequency

ITT 28

  Last observation carried forward 21

  Multiple imputation 2

  Worst case scenario 1

  Not specified 4

Not reported 80

the previous observations. Nevertheless, the Food and Drug 
Administration (FDA) has described this method as the more 
conservative alternative to the per-protocol analysis [69]. 
Conversely, two clinical trials on peripheral neuropathy employed 
the multiple imputation method, which is a more sophisticated 
method but more complex approach to data imputation. Finally, 
one study considered the worst-case scenario method to impute 
the missing values, which consists on imputing the missing 
observation according to the worst outcome. This approach is 
the most conservative method to impute missing data. However, 
it may lead to robust clinical results in case it demonstrates 
that missing data did not affect the study outcome. Table 16 
summarizes methods to handle missing data.

15 Limitations

Even when taking the necessary time to plan a study with good 
methodological rational, limitations is part of every research. There 
are several sources of constraints; it may be due to resources, imple-
mentation or lack of planning of a trial. Some aspects can be 
noticed during study planning and others while the research is run-
ning. Regardless of when the authors took awareness of it, it is 
important to address the limitations of an investigation. 
Acknowledgment of flaws shows careful and critical thinking about 
the entire research process to the scientific community. Through 
our review 55 articles reported limitations and strengths of their 
studies. In this context, for peripheral neuropathy studies the most 
reported limitations are related to unblinding, sample size, study 
duration, self-report of patients for data collection and lack of a 
control or placebo group.
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Unblinding risk or lack of blinding is a source of bias that can be 
avoided with allocation concealment and proper comparison 
among similar interventions. Moreover, studies with peripheral 
neuropathy already have sources of bias such as self-report of 
outcomes, use of concomitant medication by participants, or 
 comorbidities. Thus, it is highly recommended to address this 
limitation and the strategies to avoid it.

This was the most reported limitation among PN trial. In this 
sense, 21 papers reported the possibility of placebo effect in their 
results. It is noteworthy, that even though the majority of trials in 
this review had some level of blinding, as discussed on Sect. 11, a 
small amount of researchers evaluated if it was kept till the end of 
the study.

Small sample size was reported as a limitation by 17 articles, 
which increases the chances of a type II error. This caveat can be 
addressed during study planning by awareness of the target popu-
lation, strategies for recruitment and adherence to avoid partici-
pant’s dropout. It is important to plan how to achieve the 
necessary sample size and to increase compliance. For instance, a 
challenge of therapies for PN is intolerable adverse effects that 
may lead subjects to drop the trial. Therefore, strategies for dose 
adjustments such as titration and tapering are interesting in this 
context to maintain sample size.

Additionally, during the study planning some measures can 
be considerate to reduce the required sample size to achieve suf-
ficient power. The inclusion of a homogeneous narrow popula-
tion, and robust outcomes assessment increases internal validity 
and decrease the required sample for the study. However, for PN 
trials, the use of pain scales as primary outcome may implicate in 
a larger amount of participants. Therefore, an appropriate study 
design and strong evidence of the intervention may assist 
researchers on reducing it.

16 Conclusion

Peripheral neuropathy can be a severe clinical condition, although yet 
there is no standard highly efficacious treatment regardless of its eti-
ology. Accordingly, there is an unmet clinical need for more research 
in this field. Nevertheless, it is important to design trials with ade-
quate methodology, as well as proper application, and report of clini-
cal investigation in this field. Learning with the limitations and 
strengths of previous researches are a good way to move forward. In 
this manner, this systematic review hopes to have highlighted the 
main aspects to assist future clinical trials in peripheral neuropathy.

15.1 Blinding

15.2 Sample Size
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Chapter 13

Epilepsy

Mirret M. El-Hagrassy, Ana C. Texeira-Santos, and Felipe Fregni

Abstract

The aim of this chapter is to help investigators design interventional clinical trials in epilepsy, by reviewing 
and analyzing the top cited articles on such trials. A literature search on “epilepsy” was performed using 
Web of Science, and the top 100 cited articles on interventional clinical trials in epilepsy between 2010 and 
2015 were analyzed and used to provide guidance to future investigators. Based on CONSORT guidelines 
for reporting clinical trials, we discuss relevant findings in detail, showing the methods used to design vari-
ous types of interventional epilepsy trials. We make recommendations on best practice methods in epilepsy 
trial design.

Key words Epilepsy, Seizures, Clinical trials in neurology, Clinical trials in epilepsy, Scientific research, 
CONSORT guidelines

1 Introduction

Epilepsy is one of the most prevalent, disabling, and misunder-
stood chronic neurologic disorders. It affects an estimated 69 mil-
lion people worldwide, roughly 90% of them living in “developing” 
countries [1]. This number may underestimate epilepsy’s burden, 
as mortality rates can be high, particularly in the early course of the 
disease. For this reason, Ngugi et al. evaluated the (limited) inci-
dence literature via systematic review and meta-analysis, and 
reported epilepsy’s median incidence at 50.4/100,000/year (IQR 
33.6–75.6) [2].

Epilepsy may manifest at any age, from newborns to the elderly, 
and may or may not have a known etiology. It exists when a 
patient’s brain shows a pathological tendency for the recurrence of 
seizures. Epilepsy may occur as part of an epileptic syndrome, or 
may follow any of a number of insults, such as strokes, encephalitis, 
and traumatic brain injury, even after resolution of the acute injury. 
Epilepsy may progress over time, and patients often have associated 
comorbidities [3], such as cognitive or psychiatric comorbidities; 
children may have abnormal development.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-1-4939-7880-9_13&domain=pdf
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For practical purposes, epilepsy is typically defined by the 
occurrence of two or more unprovoked (or reflex) seizures more 
than 24 h apart, or only one such seizure but in the presence of an 
equivalent risk of seizure recurrence (60% or more) over the fol-
lowing 10 years, or in case of an epilepsy syndrome diagnosis [3].

The goal of treatment is freedom from seizures and the 
absence, or at least minimization, of treatment-related side effects. 
However, not all patients respond sufficiently to antiepileptic drugs 
(AEDs); 25–30% of patients will have medically intractable epi-
lepsy [4], with “failure of adequate trials of two tolerated and 
appropriately chosen and used AED schedules (whether as mono-
therapies or in combination) to achieve sustained seizure freedom” 
[5]. Such patients are unlikely to receive much benefit from the 
addition of more AEDs, and evaluation for epilepsy surgery (in 
focal epilepsy) becomes the next step. Alternatives to resective sur-
gery (mainly if nonfeasible or too risky) include gamma knife 
radiosurgery [6], deep-brain and responsive neurostimulation [7, 
8], extracranial device implants (e.g., vagal nerve stimulation), or 
specific diets. Other therapeutics used only experimentally at this 
time include noninvasive neuromodulation techniques such as 
repetitive transcranial magnetic stimulation (rTMS), and transcra-
nial direct current stimulation (tDCS) [9].

Epilepsy can have devastating effects on patients’ lives and 
socio-occupational functioning. Some of these effects are seizure-
related, e.g., motor vehicle accidents, falls, injuries, and the risk of 
aspiration or drowning. Some are therapy-related adverse events, 
whether due to AEDs (e.g., cognitive decline, congenital malfor-
mations), surgery (e.g., focal weakness, memory loss) or other 
interventions. Death may result from complications related to sei-
zures (e.g., accidents, status epilepticus), AEDs, or underlying 
brain abnormalities [10]. Additionally, an estimated 1.16/1000 
patients with epilepsy die annually of SUDEP (sudden unexpected 
death in epilepsy) [11].

Epilepsy clinical trials have numerous challenges. Not all seizures 
are clinically identifiable, and even clinical seizures may not be rec-
ognized or appropriately recorded by patients and/or observers. 
This becomes even more challenging in very young or cognitively 
impaired patients. Pediatric epilepsies occur in a changing brain 
and the varying pathophysiology of epilepsy across the human life 
span can make it difficult to extrapolate between pediatric and 
adult studies. Even in adults, the manifestations of epilepsy may 
evolve over time. Epilepsy populations are overall heterogeneous, 
and seizure/epilepsy classifications can be variable [12–14].

Data collection may be limited clinically by the need for patient 
and observer recognition of seizures, or by poor record keeping. 
Medication dosing, patient compliance, fluctuating drug levels, the 
occurrence of and tolerance to side effects may cause variables that 
need to be controlled for. Electroencephalograms (EEGs) often 

1.1 Challenges 
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provide valuable data; however, routine EEGs as well as long-term 
video-EEG (VEEG) monitoring may be limited by artifacts and spa-
tial resolution, and invasive evaluations (e.g., stereo-EEG (SEEG) or 
subdural electrodes) have the added challenge of being blind to 
regions outside of the relatively confined electrode locations [15].

Epilepsy surgery and invasive neurostimulation trials are also 
constrained by suboptimal patterns of patient referral for presurgical 
workups, even in advanced urban settings; opportunities in devel-
oping countries and rural regions drop significantly, and low feasibil-
ity for appropriate neuroimaging further compounds the issue.

The ILAE sub-commission on evidence based guidelines for the 
treatment of epilepsy had attempted to identify the variables affect-
ing a specific AED’s suitability for newly diagnosed or previously 
untreated epilepsy patients [16]. However, only seizure/epilepsy 
syndrome-specific efficacy/effectiveness lent itself to evidence-based 
analysis. The sub-commission found an absence of comprehensive 
AED adverse effects data, and they reported, among other things, 
that the existing RCTs had significant methodological problems.

As explained in those guidelines, “efficacy” indicates a medica-
tion’s ability to produce seizure freedom; “tolerability” indicates 
the “incidence, severity, and impact” of adverse effects related to 
the AEDs [17, 18], and “effectiveness” indicates AED efficacy and 
tolerability, reflected in retention on treatment [17]. Thus, identi-
fying an intervention’s efficacy and effectiveness should be the 
main end goal while designing any interventional clinical trial, with 
effectiveness encompassing safety/tolerability. When developing a 
hypothesis for phase I or exploratory studies, it is important to 
keep such goals in mind for future phases, and to establish appro-
priate Go/No Go criteria.

Clinical trials in epilepsy need to address multiple challenges in 
order to be clinically useful. An appropriate trial design is crucial 
for success, and also helps minimize patient risk, as well as financial 
and effort-related burdens to researchers and institutions.

The purpose of this chapter is to illustrate how to design clini-
cal trials in epilepsy, using the 100 most highly cited interventional 
trials in epilepsy between 2010 and 2015 by way of example (we 
also included trials the articles called “observational,” but which 
were actually experimental studies as they involved groups receiv-
ing an intervention, e.g., Sergot et al. [19]) (Fig. 1).

2 Methods

On October 12, 2015, we performed a systematic review of the 
literature, searching all databases in Web of Science for “epilepsy” 
under Title. We included only clinical trials (as a Document Type) 
from 2010 to 2015, and then sorted the results with the highest 
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cited articles on top. After that, we manually inspected the titles, 
abstracts, and when necessary, the articles for interventional trials 
in humans.

Of the 100 articles, only 28 were in journals that endorsed follow-
ing CONSORT criteria. Table 1 summarizes the general character-
istics of these 100 articles.

In this dataset, only 16 articles had been cited over 30 times 
(half of them published in 2010); only 4 of those 16 articles had 
been cited more than 100 times, having been published respec-
tively in Epilepsia, Neurology, NEJM, and JAMA. Epilepsia, which 
has an impact factor (IF) of 4.424, had published the greatest 
number of articles in this dataset (n = 29), followed by Epilepsy & 
Behavior (IF 2.225, n = 14), Seizure (IF 1.879, n = 9), and 
Neurology (IF 8.092, n = 7). Only one article was published in 
NEJM (IF 56.170), one in JAMA (IF 33.569), and two in Lancet 
Neurology (IF 23.736).

When designing a clinical trial, it is best to plan ahead for pub-
lication (ideally in the case of both positive and negative studies, 
although the latter can be challenging), to the point of selecting a 
journal or journals of interest and reviewing their publication 
requirements in advance. The paragraph above highlights the 
importance of selecting the appropriate journal for your study; spe-
cialized epilepsy journals tend to have a lower IF than neurology 
journals, which have a lower IF than medicine journals. However, 
this dataset suggests that more specialized journals are often a bet-
ter target (possibly because they are more widely read by the target 
audience).

Overall, the likelihood that your article will get published in a 
high-end journal and become highly cited will depend a great deal 
on the clinical relevance of the research question, the design of the 
trial (taking feasibility, funding, and the minimization of biases into 
account), its implementation and whether your results showed a 

2.1 Initial Glance: 
CONSORT Criteria, 
Citations, 
and Positivity 
for Primary Outcomes

49 articles excluded:
● Animal

studies 
● Non-

interventional
studies 

293 search results

149 top cited articles 
screened 

100 articles included

Fig. 1 Schematic illustration of search results and exclusions
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Table 1 
General characteristics of article in datasets

Number  
(Total N = 100)

Year 2010 23
2011 26
2012 21
2013 19
2014 10
2015 1

Phase Drug Pilot 5
Phase I 6
Phase I/II 1
Phase II 9
Phase II/III 0
Phase III 29
Phase IV 2

Device/diet/procedure Exploratory 29
Pivotal 17
Post-marketing 2

Trial design RCT (n = 57) 2 parallel arms 43
3 parallel arms 4
4 or more parallel arms 6
Factorial 0
Cross over 4

Non RCT (n = 43) Single arm 31
2 parallel arms 10
3 parallel arms 2

Sample size 0–20 22
21–50 22
51–100 18
101–500 33
501–1000 3
1001 + Above 2
Not applicable 0

Type of intervention Drug 52
Device 26
Diet/procedure 22

Placebo controlled Yes 20
No 80

Number of citations (34 articles had 
<10 citations)

10–30 50
31–40 7
41–50 1
51–60 2
61–70 0
71–100 2
101–200 3
>200 1

(continued)

Epilepsy



450

Table 1 
(continued)

Number  
(Total N = 100)

Journal impact factor 1–5 83
5–10 12
10–20 1
>20 4

CONSORT criteria Yes 28
No 72

Positive for primary outcome Yes 76
No 12
Not applicable 12

positive primary outcome, all of which will, in turn, depend in 
large part on the design. We did not compare how frequently arti-
cles with positive vs. negative primary outcomes were cited because 
many articles in this dataset did not clearly distinguish between 
their primary and secondary outcomes.

It is important to stress that strong research begins with a 
strong research question. At a minimum, a good research question 
follows the FINER criteria: it should be Feasible, Interesting, 
Novel, Ethical, and Relevant. Please refer to Chap. 1 for further 
exploration of the FINER criteria.

3 Trial Design

The gold standard for a clinical trial is the randomized, placebo-
control, double-blind trial. However, such a design is not always 
feasible.

In our dataset, 57 articles were on RCTs (32 on drugs, 25 on 
devices or procedures), while 43 were on nonrandomized trials (20 
on drugs, 23 on devices or procedures). For the purposes of this 
chapter, articles on open label extensions of RCT trials were ana-
lyzed as RCTs. The number of arms during the open label phase 
was analyzed, e.g., Halasz et al. had three arms during the placebo-
control phase, and two arms during the open label phase [20], so 
it was analyzed as a two arm RCT. Open label phases were not 
marked as placebo-control, even if the previous phase had been 
placebo-controlled.

Only 20 articles were on placebo-controlled studies. There 
were an additional three articles on open label extensions of pla-
cebo-controlled studies, and one article on a study with an active 
control. This may reflect the difficulty of placebo-control in some 
studies overall, either due to technical or ethical issues. It is not 
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typically feasible to have placebo-control in diet studies, for exam-
ple, and placebo surgical procedures would be ethically and techni-
cally challenging. However, some device trials allow for sham 
stimulation (e.g., DBS, RNS, and VNS), and subjects can be 
crossed over from sham to active stimulation.

There is always the ethical challenge of giving placebo even in 
drug trials, considering the prevalence of trials on patients with 
refractory epilepsy. In some cases, a placebo is not necessary, e.g., 
when comparing established interventions in the case of 
Ethosuximide, Valproic Acid, and Lamotrigine in Childhood Absence 
Epilepsy, the landmark study published in NEJM [21]. Superiority 
and noninferiority trials in general do not require a placebo arm. 
However, it is worth noting that there can be versatility in placebo 
designs, e.g., Uberos et al. reported on an uncontrolled non-
blinded single-arm study that had placebo intervals initially [22].

We will further discuss the benefits and challenges of random-
ization, placebo-control and blinding later in this chapter.

In this section we will discuss clinical trial design as relates to 
trial phases, number of arms, and study settings. As you will see, 
the type of intervention will play a significant role in your options 
for designing a trial.

For pharmaceutical (drug) studies, phases are divided into the 
following:

Pilot studies are small preliminary studies “testing the waters” 
of a new approach or novel therapy prior to developing larger scale 
Phase I or II studies. Pilot studies can evaluate the feasibility of 
therapy and its side effects, as well as challenges related to costs, 
recruitment, randomization, adherence, and possible effect sizes. 
Pilot studies are conducted on small population samples, and do 
not evaluate safety, efficacy or effectiveness. They can be used to 
test or compare new drugs, or established drugs for new indica-
tions (e.g., divalproex sodium for bipolar disorder [23]), new ways 
of dosing or modes of administration (e.g., loading vs. titration of 
valproate in acute mania [24]), etc. It is important for trials to have 
well thought out hypotheses with specific and clinically relevant 
outcomes likely to contribute to the literature. Pilot studies are 
thus avoided unless necessary (e.g., to reduce the risk of failure of 
a larger study on a new therapeutic or method).

Our dataset included five pilot studies, two of them RCTs as 
seen in Table 2 below, both double-blind, placebo-controlled 
crossover pilot trials [25–29]. For example, in Gonzalez-Heydrich 
et al. pediatric subjects with Attention Deficit Hyperactivity 
Disorder (ADHD) and epilepsy were assigned to one out of three 
OROS-methylphenidate maximum dose groups or to placebo, 
designed such that if they tolerated the dosing, they would be 
crossed over to the next-higher dose group; but if one child’s epi-
lepsy worsened significantly on active OROS-methylphenidate, 

3.1.1 Relationship 
Between Phase and Trial 
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then three or more other subjects would be tested at that dose 
level, and if two subjects got worse, the dose level just below would 
be the maximum dose for the remainder of the study (however, 
none of the subjects required these adaptations) [25]. This is one 
way to test if therapy addressing a comorbid condition (e.g., 
ADHD) risks worsening a patient’s epilepsy.

Phase I clinical trials evaluate the safety of a new therapy, evalu-
ate its pharmacokinetics, determine a safe dosage range, and identify 
side effects. They are tested in a small group of subjects, typically 
20–100 subjects, although the six articles on phase I trials in our 
dataset had a minimum sample of 10 and median of 19 (see Table 3 
above) [22, 30–34]. More objective measures of primary endpoints, 
e.g., surrogate values, may help support smaller samples.

Phase II clinical trials further evaluate safety and provide pre-
liminary efficacy data, typically with samples of 100–300 subjects. 
Our dataset included nine articles on phase II trials, although 
again, sample sizes were relatively small (see Table 3) [35–43]. 
Phase I/II trials share features of both phase I and II, and are sel-
dom chosen; we had one such article in our dataset [44]. We had 
no phase II/III trials.

Phase III clinical trials test the efficacy of interventions in a 
larger study population, typically 300–1000s of subjects, compar-
ing the new therapeutic to standard treatment (or in combination 
with it), or comparing it to placebo. Our dataset included 29 arti-
cles on phase III trials, including 23 RCTs in multicenter settings 
and 6 non-RCTs (see Table 2) [19, 20, 45–71]. Mean and median 
sample sizes tended to be in lower typical range (see Table 3).

Phase IV clinical trials are conducted after the drug is FDA 
approved, and they are designed to gather more efficacy data in 
larger populations, typically 100–10,000s, and to evaluate poten-
tial long-term effects. Our sample included two articles on phase 
IV trials [72, 73], with the smaller sample (n = 80) belonging to 
the antiepileptic drug and osteoporosis prevention trial (ADOPT) 
[73], which measured bone-marrow density (a surrogate outcome) 
and had sample size and power calculations from previous studies.

For devices, diet/procedures, phases are divided into the 
following

Exploratory studies evaluate safety, design/parameter improve-
ment and define the limits of tolerability in a small sample, typically 
fewer than 30 subjects. They include pilot and feasibility studies 
(similar to phase I and II studies in drugs). Our dataset included 
29 articles on exploratory studies [6, 7, 74–100].

Pivotal studies test safety and effectiveness in a larger popula-
tion, typically comprising 30–1000 subjects, and are usually multi-
center RCTs. Our dataset included articles on 17 pivotal studies, 
including 15 RCTs [8, 101–116].

Post-marketing studies test intervention effectiveness as well as 
long-term or rare adverse events, typically on 100–10,000s of sub-

Mirret M. El-Hagrassy et al.
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jects; they are similar to phase IV drug trials. Our dataset included 
only two articles on post-marketing studies, one of which was on 
the International Subarachnoid Aneurysm Trial (ISAT), and which 
had the largest sample in the dataset (n = 2143); Hart et al. was an 
article on epilepsy after subarachnoid hemorrhage (SAH) treated 
by coil embolization vs. clip occlusion of ruptured aneurysms 
[117]. Note that the ISAT’s original outcomes related to Rankin 
scales, not seizures, and this post-marketing study was performed 
due to the paucity of data investigating epilepsy risk after coil 
occlusion, and due to the lack of data comparing seizures following 
coil embolization vs. clip occlusion. They investigated time from 
SAH to first seizure after discharge (years). The other post-market-
ing study compared seizure freedom rates (Engel Outcome Scale 
Class I) following 2.5-cm versus 3.5-cm mesial temporal resection 
in temporal lobe epilepsy (TLE) in an effort to optimize seizure 
freedom following surgery [118].

The sample sizes of the device and diet/procedure studies 
were more typical, compared to the drug trials.

Our dataset had nearly twice as many articles on exploratory 
studies as pivotal studies, largely on similar interventions, mostly 
relating to various neuromodulation techniques (whether inva-
sive or noninvasive), diet or behavioral therapies, laser or radio-
surgery techniques, surgical techniques (e.g., Early Surgical 
Therapy for Drug-Resistant Temporal Lobe Epilepsy: A Randomized 
Trial, which had a primary outcome of freedom from disabling 
seizures at year 2 of follow-up [102]). The sample also included 
more novel interventions in epilepsy, e.g., Mozart K.448 music 
[89]. The ratio of exploratory to pivotal studies may relate to the 
perceived need for more therapeutic options in various epilepsy 
populations, but some types of intervention rest on a continuum 
between exploratory and pivotal studies (e.g., if a patient under-
goes invasive neurostimulation techniques in the exploratory 
phase without complications, you should try to keep them for the 
pivotal phase).

The relatively small numbers of articles on post-marketing 
studies (two for drug and two for device/procedures) in this sam-
ple may hint at the need for more long-term research into inter-
ventions once they are approved for clinical use. A chronic disorder 
with as much heterogeneity as epilepsy, which may evolve over the 
years, and where the pharmacodynamics and efficacy of treatment 
may change over time, would likely benefit from such studies.

Subjects in a parallel group designed trial are randomized to the 
intervention or control. This is the most commonly used design 
(probably because it is feasible in most cases, but it can require a 
larger sample than other designs).

The number of arms required for an RCT is typically fairly 
straightforward. If you are comparing two interventions or two 
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conditions, then you will need two arms; if comparing three, then 
you will need three arms, and so on. One of those two or more 
arms may be for placebo. Non-RCTs may have one or more arms, 
but most of the articles on non-RCTs in our dataset were on sin-
gle-arm studies (n = 30).

Most of the articles in our dataset overall (n = 54) were on tri-
als with two parallel arms (43 on RCTs and 10 on non-RCTs); 
another six were on trials with three parallel arms (including four 
articles on RCTs, three of which were on the same trial comparing 
ethosuximide, valproic acid, and lamotrigine in childhood absence 
epilepsy). Finally, six were on RCTs with four or more parallel 
arms; two out of those six articles were on the same study which 
compared three dose groups of eslicarbazepine with each other 
and with a placebo group in the blinded phase, and on the open-
label extension (OLE) of this study [48, 58]; as we considered 
OLEs part of the RCT group (but not placebo control), we 
included it here, and included it as four arms based on the original 
trial (however, in the OLE, the placebo arm had been added to the 
800 mg dose group, and the dosing of all groups had been adjusted 
freely, so it was no longer truly four arms).

Trinka et al. was on an international superiority trial utilizing a 
two parallel group design (considered four arms for the purpose of 
this chapter), where newly diagnosed epilepsy patients were allo-
cated to one of two preferred standard therapies as first line treat-
ment: the VPA stratum (for generalized epilepsy) or the CBZ 
stratum (for focal epilepsy); patients in these two strata were then 
randomized to levetiracetam vs. VPA-ER (in the VPA stratum) or 
vs. CBZ-CR (in the CBZ stratum) [63].

When taking repeated measures (a repeated measure design), 
crossover trials are an option: patients are assigned to a sequence of 
(at least two) treatments, which may be in the form of different 
dosing assignments and/or placebo. Subjects may serve as their 
own controls. However, selecting an appropriate washout period is 
important, particularly in the case of drugs with long half-lives, and 
in stimulation trials. For example, McLachlan et al. tested the 
effects of chronic bilateral direct hippocampal stimulation on sei-
zure frequency in only two patients with intractable TLE: 3 months 
(baseline period) after implantation, the stimulator was randomly 
turned ON or OFF for another 3 months; they then followed each 
ON interval with a 3 month washout period (of no stimulation), 
looking for holdover effects [75]. Our dataset included four cross-
over trials, all RCTs.

We found no factorial trials. In a 2 × 2 factorial design trial, 
subjects are randomized to a treatment (A) or placebo to test one 
hypothesis, then randomized again in each group to another 
 treatment (B) or its corresponding placebo in order to test a sec-
ond hypothesis. In this way, two different hypotheses can be tested: 

Mirret M. El-Hagrassy et al.



457

the independent effects of the two treatments (A and B) or the 
interaction between the two treatments. Factorial designs allow 
the measurement of effects or interactions which may not have 
been apparent otherwise [119].

It is important to have an appropriate setting for your trial. Is your 
center a good place to recruit the necessary sample? Do you need 
to collaborate with another center or centers? There are a number 
of issues to consider: first and foremost, the validity of your research 
may depend at least in part on your center. Single center studies 
may have results that are not sufficiently generalizable, limiting 
their clinical utility—or, a single center might be the best place to 
recruit a highly specific population, e.g., families with a particular 
genetic mutation. But if you want your research to have utility to 
all or most epilepsy patients, then larger samples in multicenter set-
tings are more likely to increase the external validity of the data, 
and its generalizability to the epilepsy population at large.

Trials in multiple countries and continents are even better, 
although those will have other challenges regarding variability in 
data collection and interpretation, operator variability for proce-
dures, etc. When designing a collaborative trial, it is important to 
answer the following questions: Why is it better to collaborate, 
why with this person or group, and what is each person’s role in 
the trial?

In some cases, investigator participation is limited to a few 
individuals with highly specific training, restricting opportunities 
for collaboration. One thing to note is that many tertiary epilepsy 
centers have a large catchment area with little competition, some-
times even crossing state boundaries. Populations in such single 
centers may be sufficiently diverse for your trial’s purposes. 
However, there may be recruitment challenges whenever patients 
are expected to travel far, especially for multiple visits or frequent 
follow-ups.

The ability to recruit and retain patients should always be an 
important part of the study design, and should inform decisions 
about study duration and visit frequency. In some cases the inter-
vention and data collection may be performed long distance (e.g., it 
is often possible to mail drugs to patients, and for patients to keep 
seizure diaries or respond to questionnaires over the phone). On the 
other hand, some studies will require inpatient admissions, e.g., for 
VEEG monitoring, which may help with regard to adherence to 
protocol and obtaining more objective data, but will present the 
challenge of finding patients who are able and willing to stay.

In our dataset, 48 articles reported on studies in multicenter 
settings (36 RCTs, 12 non-RCTs), and 52 on studies in single-
center settings (21 RCTs, 31 non-RCTs). In rare cases it was 
unclear if a trial utilized one or more centers; these were counted 
as single-center trials.

3.1.3 Study Setting
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“Multicenter” was defined as two centers and above, but mul-
ticenter trials ranged from 2 to 269 centers, across one country 
(typically the USA) to “23 European countries and Australia” 
[63]. About 78% of articles on drug RCTs (25/32) reported on 
multicenter trials, compared to 44% of articles on device/proce-
dure RCTs (11/14). Drug trials were overall more likely to be 
multicenter than device/procedure trials (62% or 32/52 for drug 
trials overall vs. 33% or 16/48 for device trials overall; see Table 4). 
As explained above, the design and feasibility of device/procedure 
multicenter trials is often more challenging than that of multi-
center drug trials. Further breakdown by study phases and arms is 
given in Table 2.

Not all of the articles on multicenter trials gave their exact 
locations, but it seems that they tended to be more heavily distrib-
uted in developed countries, with many of them taking place only 
in the USA. It is unclear how much of this may be due to popula-
tion size, accessibility, institutional support, funding for research 
and how much might be an artifact of this dataset resulting from 
an English language-based search.

4 Participants

In this section we focus on participant inclusion and exclusion cri-
teria in our dataset, and discuss some considerations when design-
ing your own trial. It is important to plan for scientific validity as 
well as recruitment feasibility when deciding on participant inclu-
sion and exclusion criteria. When it is necessary to alter these crite-
ria, delays of weeks or months can occur due to lost recruitment 
time, time for IRB approval and sometimes time to change recruit-
ment materials, e.g., advertisements and flyers.

For the purposes of this chapter, trials that allowed the inclusion 
of pediatric or adult populations but did not actually recruit any 
were considered pediatric or adult, rather than both (e.g., Kwan 
et al. allowed for subjects down to 16 years of age, but all partici-

4.1 Age

Table 4 
Study center setting by intervention and randomization

Drugs Devices/procedures Totals

RCT Single center 7 14 21

Multicenter 25 11 36

Non RCT Single center 13 18 31

Multicenter 7 5 12

Totals 52 48 100
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pants were adults [72]). About a fifth of the articles reported 
including both pediatric and adult populations; in those articles, 
most age ranges (when reported) began from adolescents 
12–16 years of age (to middle-aged or elderly subjects); less often 
age ranges began as young as 2 years of age (to 20 or 21 years of 
age). Overall, 71 articles included adult subjects (ranging from 
18-year-olds to the elderly), and 49 included pediatric subjects, 
while two articles did not report on age groups. Device trials 
were more than twice as likely to include adult as pediatric popu-
lations (see Table 5 and Fig. 2).

Age is an important variable in epilepsy studies due to hetero-
geneity in the likely underlying pathophysiological conditions, 
comorbidities, and medication types and effects. Controlling for 
age group is important for the internal validity of studies evaluat-
ing age-related syndromes, e.g., childhood absence epilepsy 
(CAE). However, when investigating intractable epilepsy as a 
whole, age inclusivity is better (subgroup analyses based on age can 
be performed later), as long as ethical considerations are satisfied. 
While pediatric populations are typically defined as under 18 years 
of age, it is helpful to specify the ages included in your study, 
because the cutoff between adolescence and adulthood may vary 
from one country to another; sometimes language is also used 
differently, e.g., Herzog et al. referred to their sample from age 
13–45 years as “women” [56].

Two articles reported on progesterone therapy in women with 
epilepsy [34, 56], and one on men with epilepsy and hypogo-
nadism [32]. Most of the other articles reported recruiting 
males and females.

Over a dozen trials specifically excluded pregnant subjects, about a 
handful excluded those who were breastfeeding, and a number of 
trials required adequate contraception (some even describing the 
type of contraception). When requiring hormonal contraception, 
it is important to consider drug interactions. Glauser et al., which 
included CAE patients over 2.5 and under 13 years of age, required 
that girls either be premenarchal, or agree to abstinence (oral con-
traception was not allowed, even for acne) [53].

4.2 Sex

4.3 Pregnancy 
and Breastfeeding

Table 5 
Number of articles including adult vs. pediatric populations by type of 
intervention

Drugs Devices Procedures Total

Adult 34 23 14 71

Pediatric 29 10 10 49
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Nearly half the articles included subjects with focal epilepsy, 
typically enrolling only those with focal epilepsy (e.g., TLE), 
although a few studies focused on primary generalized epilepsy 
syndromes, mainly CAE. Most trials were on intractable epilepsy, 
but a few were on newly diagnosed epilepsy. Most articles did 
not specify their classification criteria, but those that did nearly 
always used ILAE classifications. It may be helpful to specify the 
classification, as this can be a moving target.

While most subjects had epilepsy, a few trials included healthy 
controls as well. One article reported only on psychogenic nonepi-
leptic seizures (PNES) [95], but 19 articles specifically excluded 
subjects with a history of nonepileptic events.

IRBs often require documentation of exactly how subjects were 
diagnosed. Some articles in our dataset specified that subjects were 
recruited from their epilepsy clinics or centers (thus presumably 
diagnosed by epileptologists or neurologists), some included sub-
jects diagnosed by pediatric epileptologists or neurologists, and 
others allowed diagnoses from other practitioners such as neuro-
surgeons or general practitioners. Most articles did not specify who 
diagnosed the patients. However, an IRB might request this 
information.

Most trials had some sort of requirement for seizure frequency, 
whether it was medically intractable epilepsy (which they then 
often—but not always—defined in terms of seizure frequency and/
or failing a specific number of AEDs, often 2 or 3 AEDs), or hav-
ing a certain number of seizures (e.g., more than one seizure a 
month, daily seizures) over a certain period of time (e.g., 3 months, 
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1 year). Some trials required newly diagnosed epilepsy cases (e.g., 
the KOMET trial [63]) and some required that chronic epilepsy 
diagnosis was established, e.g., diagnosed 2 years earlier. Motta 
et al. required seizures in the “entire second half of the menstrual 
cycle” [34]. Most trials did not require seizures of a particular 
duration, aside from Holsti et al. which tested rescue intranasal 
midazolam vs. rectal diazepam [103]. On the other hand, multiple 
trials excluded subjects with a history (or a recent history) of status 
epilepticus or seizure clusters.

When designing a clinical trial (especially in the case of RCTs) 
where the outcomes include seizure frequency, it is important to 
specify the exact methods of quantifying those seizures, e.g., by 
diary (kept by patients/caregivers/family/significant other) and 
VEEG, as well as to prespecify the baseline seizure frequency and 
follow-up period. It is also important to identify, record, and com-
municate to patients which seizures would be counted. For example, 
will you count auras (simple partial seizures), or only seizures with 
cognitive or motor components? If you will evaluate “disabling sei-
zures,” how will you define them? For example, Heck et al. stated 
that disabling seizures “included simple partial motor, complex par-
tial, and secondarily generalized tonic–clonic” seizures [8], while 
Rong et al. included “frequent and disabling seizures with falls, inju-
ries, and significant impairment of the quality of life” [100].

In our dataset, most trials did not require a motor component, 
but some specifically excluded auras, or excluded seizures that sug-
gested a different diagnosis, or where an intervention would not 
be appropriate (e.g., primary generalized seizures in a trial compar-
ing levetiracetam with carbamazepine-CR [38]).

Again, it is important to consider both scientific validity as well 
as recruitment challenges in order to avoid having to make altera-
tions to the protocol if possible. Yuen et al. relaxed the inclusion 
criteria from at least four seizures per month to two seizures per 
month [27].

While we assume that all subjects had an EEG at some point, many 
articles did not specifically report this. Trinka et al. did not con-
sider EEG or imaging compulsory in cases with a clear clinical 
diagnosis [63]. However, many trials included only those with 
diagnostic findings consistent with epilepsy, or epilepsy origin 
(e.g., bilateral temporal), and primary generalized epilepsy trials in 
particular tended to specify exact EEG findings. Other articles 
(e.g., on surgical procedures and devices) required appropriate 
presurgical workup, and/or excluded cases that were candidates 
for resective surgery.

Many trials identified the number of AEDs failed, the number that 
could be used at the time of the trial, duration on AEDs or on 
stable AED doses, etc. Some trials excluded subjects who had failed 

4.7 Diagnostic 
Findings: 
Neurophysiology 
and Imaging

4.8 Drugs, Devices 
and Previous Surgery
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similar medications, or those on medications with potential 
interactions.

Some trials excluded subjects based on surgical history (e.g., 
failed SEGA surgery [30]), or with device implants (e.g., VNS; 
note, Heck et al. required VNS to be turned off during the baseline 
period, and to have the VNS pulse generator (not the leads) 
removed before RNS implantation [8]).

Some trials excluded those who had hypersensitivity reactions to 
similar drugs (e.g., eslicarbazepine trials excluded subjects with 
known hypersensitivity to carbamazepine or oxcarbazepine), or 
sulfa (e.g., in Lu et al.’s zonisamide trial [42]). Baulac et al. 
excluded subjects with the HLA-B*1502 allele [50].

Some trials specified that AED levels (or at least one of them) 
were stable/in therapeutic range prior to the trial. Some excluded 
subjects with abnormal lab findings, e.g., elevated liver enzymes, 
low absolute neutrophil counts or platelets, and hyperlipidemia. 
This was especially true for enzyme-inducing AED trials, as well as 
diet trials. Herzog et al. and Motta et al. included low BAT and 
progesterone level requirements, respectively [32, 34]. Bochyńska 
et al. (a trial on vitamin B supplementation) excluded “vegetarian-
ism or a history of a genetic defect of homocysteine, cobalamin, or 
folate metabolism” [43].

Epilepsy is rather unique in that family members and caregivers are 
often critical to history taking, even for adult patients. Many of the 
articles required that caregivers or family members be willing to 
consent to study procedures, and/or keep seizure diaries or 
records.

Some trials included only subjects who would come for baseline 
evaluations and/or follow-ups. Some excluded subjects or caregiv-
ers with a history of poor compliance, or those who did not seem 
sufficiently motivated; such designs risk excluding subjects less 
likely to benefit from the intervention, adding bias to the study.

Recruitment may be a challenge if such criteria are too restric-
tive, and in RCTs excluding subjects who did not complete suffi-
cient baseline or follow-up records, or who did not come for 
measurements or follow-ups, etc. may compromise randomization 
in the case of ITT analysis. While this is less of an issue for non-
RCTs, excluding patients for not following protocol may risk bias-
ing results anyway, and may lead to missing important information 
relating to the sustainability of an intervention’s use.

For example, if an intervention requires more frequent follow-
ups or measurements (e.g., AED levels and weight), more precise 
diaries, traveling, or if patients dropped out early due to side effects, 
etc., then it is likely that patients in the real world will also be less 
compliant, and it would be better to account for such challenges 
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when translating the intervention into clinical practice. There are 
additional seasonal and geographical considerations, e.g., compli-
ance with follow-ups may decrease during bad winters, the school 
year, or holiday seasons.

Unsurprisingly, some studies specifically excluded those unable 
to receive the intervention, such as being unable to swallow in case 
of drug or diet trials. Diet trials were not performed in patients too 
young for solid intake.

Many articles in this dataset specifically excluded subjects with 
comorbid neurologic and/or medical disorders (particularly neu-
rodegenerative disorders, brain tumors, and cardiovascular disor-
ders). Many excluded those with inborn errors of metabolism, and 
those with psychiatric disorders (e.g., mood disorders), including a 
history of substance abuse. Some specified nonuse of benzodiaze-
pines except as epilepsy treatment. Of course, trials investigating 
comorbid disorders such as ADHD and depression included popu-
lations with those disorders. Some trials (e.g., on vigabatrin or 
radiosurgery for mTLE) excluded those with visual field defects or 
ophthalmic disorders.

Some articles reported excluding subjects with intellectual impair-
ment, with some specifying certain cutoff scores on the IQ test or 
the Mini-Mental Status Exam. Other articles simply specified that 
subjects had to be able to give informed consent, follow study pro-
cedures, and answer questions. Depending on the intended popu-
lation, it can be helpful to prespecify whom it is you plan to include. 
For example, if you intend to include patients who developed 
cognitive problems following epilepsy, but to exclude those with 
developmental delays, then it helps to clarify this distinction.

Some trials only included English-speaking subjects. Depending 
on the geographic location and the region’s ethnic populace, lan-
guage restrictions may limit recruitment and/or bias the sample. 
This is especially important for immigrant countries such as the 
USA, Canada, and Australia, as well as many regions in the 
Eurozone. Where possible, it is usually best to acquire translator 
services (as well as translated consent forms, and other documents), 
and to specify how and when they are to be used (e.g., what if 
someone speaks simple English, but falters on more complex top-
ics?) However, in trials evaluating very specific populations, a par-
ticular ethnic group, or where there are no validated translations of 
important questionnaires, it may be necessary to set language or 
ethnic restrictions to maintain the internal validity of the trial.

Unsurprisingly, some trials enrolled only subjects who had com-
pleted a previous phase of the trial (e.g., only those completing the 
blinded phase could enter into OLE), and consented to enroll in 
the following phase. When designing an open-label phase of a trial, 
consider whether there is a scientifically valid reason to only include 
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subjects who completed the first phase (e.g., the purpose of the 
OLE is to follow up those who received an intervention long term, 
and/or to compare them with subjects who had previously received 
placebo and would now receive the intervention). Otherwise, con-
sider enrolling additional subjects to increase your sample size. 
Keep in mind that samples are often smaller in the OLE rather than 
the blinded phase due to dropouts.

However, some subjects will enroll only in open-label studies 
to avoid receiving placebo, and because insurance will not cover 
the active intervention. When this is a concern, it may be better for 
the external validity of the study to restrict open-label enrollment 
to subjects who participated in the blinded phase. This may be 
particularly important for efficacy trials on novel interventions.

Another issue to consider is when subjects would be allowed to 
enroll in the OLE (or new phase) following the previous phase. 
For example, in drug trials you may want to enroll them right away 
in order to continue following up the patients who already received 
active drugs; in other cases you may need to consider carryover 
effects from the intervention (e.g., neurostimulation). Depending 
on your protocol, you may need to delay enrollment for a few 
weeks or months, and may consider getting a new baseline.

Finally, some articles specified that subjects could not participate in 
another clinical trial during the study period, or up to a certain 
period of time before the study began (e.g., within 12 weeks of 
selection). This may be necessary when lasting effects of a previous 
interventional trial may interfere with the new study.

When designing your clinical trial, it is important to consider how 
your target population compares to populations in the existing 
literature and also, if it does differ significantly, whether this differ-
ence is associated with a better response and safety (in your trial). 
If your target population has not been previously studied and you 
have a good hypothesis as to why it might differ from previously 
studied populations, then you may have identified a defect in the 
literature lending itself to a valid need for your trial, and potentially 
to funding opportunities.

5 Trial Duration

When designing a trial, it is important to determine the duration 
of the trial as well as its phases (e.g., baseline, intervention, follow-
up), and the time points (e.g., number of visits). A trial that is too 
short to properly apply the therapy or measure outcomes may not 
have internal validity, and a trial that is too long may suffer from 
dropouts or low recruitment, beside the fact that long trials require 
more resources.

4.16 Participation 
in Another Clinical 
Trial

4.17 A Final Word 
on Subject Selection
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In this section, we will discuss the total trial durations, follow-
up periods and time points in our dataset.

Trial durations (i.e., total study durations including baseline, inter-
vention, and follow-up periods) when specified, ranged from 1 day 
to 9 years in our dataset. This large range seemed to relate to the 
variety of interventions and phases in our dataset. We divided trial 
durations into four categories ranging from under 6 months to 
over 2 years for more clarity.

The total duration was not clear in six articles, so we did not 
include those in this analysis. Additionally, some articles reported 
trial duration as greater than a given number, rather than giving 
the exact duration; for the purposes of this analysis, we considered 
the cutoff number as the total duration.

The 94 articles we analyzed reported the following trial 
durations:

●● Under 6 months (n = 33, 35%);
●● From 6 months to under 12 months (n = 13, 14%);
●● From 1 year to under 2 years (n = 20, 21%);
●● 2 years or more (n = 28, 30%).

Table 6 compares the number of articles according to the four 
total trial duration categories, by study phase and type of interven-
tion. Drug studies overall had durations under 12 months in 
30/50 (60%) of articles, while device/procedure trials had longer 
durations, lasting 1 year or longer in 28/44 (64%) of articles. It is 
notable that most of the device/procedure trials were exploratory, 
yet 14/26 (54%) of those exploratory trials lasted a year or longer. 
By comparison, more than half the articles on drug trials were on 
phase III trials (27/50, 54%), and over a third of those lasted 
under 6 months (10/27, 37%). Overall, 21/50 (42%) of the arti-
cles on drug trials reported durations of less than 6 months; this 
included one phase IV trial (the other phase IV trial lasted over 
2 years). Meanwhile, 3/6 (50%) of the phase I articles reported on 
trials lasting 2 years or longer. The comparison between trial dura-
tion according to phases can be observed in Fig. 3.

It is unsurprising that drug trials have shorter durations than 
invasive trials such as those on invasive brain stimulation and sur-
gery, in which participants are more dependent on providers and a 
longer follow-up period is necessary to assess intervention effects. 
For example, in surgical trials, participants typically had regular 
follow-ups every 2–3 months postoperatively for at least 1 year. 
Invasive brain stimulation involves several phases described in 
other sections of this chapter, and subjects are often enrolled in 
open-label extensions (OLEs) indefinitely. As a result, trial dura-
tions were longer in those cases, and adherence to duration period 
was also better than that for drug trials (see Sect. 12 below).

5.1 Trial Duration
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Taking into consideration the 48 articles classified as device 
and procedure, 10/13 (77%) of the articles on device trials reported 
durations of 2 years or longer, while most procedure trial articles 
reported durations less than 2 years (17/21, 81%, over half of 
which were under 6 months’ duration).

Some studies (n = 31 articles) had a prospective baseline period (typi-
cally ranging from 2 to 12 weeks) to determine seizure frequency and 
other outcomes. Most studies (n = 76 articles) had a follow-up period 
that allowed the verification of offline or long-term intervention 
effects. The other 24 articles were unclear about follow-up (n = 7) 
and had no follow-up (n = 17). It is noteworthy that some studies 
(e.g., Chaytor et al.) performed the follow-up interview by telephone 
[107], an option that may potentially improve feasibility and adher-
ence. Twenty-seven articles reported on long follow-ups of 2 or more 
years, while 49 articles reported follow-ups of less than 2 years. The 
longest follow-ups were in device (DBS, RNS, VNS) and procedure 
trials (especially surgery, radiosurgery, and diet trials), where partici-
pants may have been more dependent on providers in general. Of the 
seven articles classified as unclear, four had long-term OLE periods 
but did not specify the duration.

The articles not reporting follow-up periods were on the 
following types of trials: drug (n = 11); neurostimulation (n = 3); 
diet (n = 2); and behavioral intervention trials (n = 1). We failed to 
find a relationship between presence of follow-up or phase of the 
study and type of outcome. In general, studies without follow-up 
periods were short trials with small sample sizes and a total dura-
tion of fewer than 3 months, published mostly in journals with 
impact factors ranging from 1 to 3 (n = 10).

About half the articles did not clearly report the trial time points 
(n = 49). Studies each had 7 visits on average, with a range of 1–47 
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visits. To illustrate, two studies had only one time point because 
they aimed to verify the pharmacokinetics following a single dose 
of a medicine (n = 2), while four articles (on drug, surgery, or 
ketogenic diet trials) required more than 17 visits; it is unclear why 
those particular studies had more visits than average.

Thus, when designing a clinical trial, the duration, follow-ups 
and time points may be influenced more by the intervention and 
outcomes of interest than the phase. It is important to make sure 
that you have enough time to apply the therapy and measure what 
needs to be measured, but ideally no longer than that to avoid 
burdening subjects and research staff.

6 Type of Intervention

We divided types of intervention into three categories, as seen 
above: drug, device, and procedure. For the purposes of this 
chapter, we considered as “device” the following: DBS, RNS, VNS, 
TMS, and procedures involving laser, gamma knife, radiosurgery or 
endovascular coils. We considered the following as “procedures”: 
surgical procedures not involving “devices,” behavioral therapy, 
and diets. Please refer to Tables 3, 4, and 5 for breakdowns of type 
of intervention by trial design, study setting, sample size and age 
groups as well as Tables 7 and 8  for breakdowns by trial duration.

In our dataset, 51 articles were on drug trials, 26 were on 
devices, and 23 were on procedures.

Most of the drug trials were on AEDs, with levetiracetam being 
the most commonly studied drug (n = 9 articles), tested in various 
populations and study designs.

Asking new questions for frequently used drugs may result in 
relevant information. For example, levetiracetam is largely consid-
ered a safe drug that can be used in focal and primary generalized 
epilepsies with little risk of drug interactions, but Freitas-Lima 
et al., noting that there had been no formal investigation into the 

6.1 Drug Trials

Table 7 
Number of articles according to the total duration categories, compared 
by device/procedure classification

Device Procedure

<6 months 4 8

≥6 to <12 months 2 2

≥1 to <2 years 7 7

≥2 years 10 4

Unclear 3 1
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effects of enzyme-inducing AEDs (EIAEDs) on levetiracetam 
pharmacodynamics in humans, used a prospective single dose 
design to compare 15 adult patients on EIAEDs with a matched 
control group of 15 patients not on EIAEDs; they showed an 
increase of levetiracetam clearance in subjects taking EIAEDs 
(about 25% difference) [69].

Another five articles explored zonisamide in pediatric and adult 
populations either as adjunctive therapy [42, 60, 64], or as mono-
therapy [39], or (in a noninferiority trial) as compared to controlled-
release carbamazepine in newly diagnosed focal epilepsy [50]. Other 
AEDs explored included ezogabine [46, 47] and eslicarbazepine 
[20, 48, 58] in focal epilepsy, brivaracetam (in focal and/or gener-
alized epilepsies) [61, 62, 67], bumetanide (in TLE) [28], pregabalin 
(on sleep) [40], diazepam (autoinjector in acute repetitive seizures) 
[71, 103], sulthiame (compared to levetiracetam in benign epi-
lepsy with centrotemporal spikes (German HEAD Study)) [37], 
perampanel [52], while two studies evaluated vigabatrin (one was 
an open-label three parallel group multicenter trial quantifying 
visual field impairment, while the United Kingdom Infantile 
Spasms Study (UKISS) compared the effects of hormonal treatments 
with vigabatrin) [19, 49]. One historical-controlled study evaluated 
conversion to lacosamide monotherapy in focal epilepsy [59].

There were three articles on the study comparing ethosuxi-
mide with valproic acid and lamotrigine in CAE, a double blind 
RCT across 32 US centers, with two reporting on freedom from 
treatment failure as a primary outcome [53], and one providing 
Class I evidence that attentional dysfunction was worse with val-
proic acid than the other two drugs [55].

One article compared the health-related quality of life of elderly 
patients on carbamazepine vs. lamotrigine (double-dummy design) 
[68], and another compared rapid initiation of topiramate vs. 
phenytoin [65]. One study found that weight gain (an important 
side effect of valproic acid) could be reversed with intensive behav-
ioral therapy without having to discontinue the medication [31].

Table 8 
Follow-up duration per number of articles

Follow-up duration Number of articles

<1 month 2

1 to <6 months 23

≥6 to <12 months 7

≥1 to <2 years 17

≥2 years 27

No follow-up 17

Unclear duration 7
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Other trials investigated whether using AEDs before seizure 
onset in infants with TSC could have a protective effect [35], 
whether bone mass loss could be prevented with supplementation 
of calcium, vitamin D, and risedronate [73]; some investigated the 
effects of vitamin B supplementation on homocysteine metabolism 
[43], the effects of an omega-3 fatty acid on seizure frequency in 
chronic epilepsy [27], or the effects of epilepsy, oxcarbazepine, and 
valproic acid on nitric oxide and xanthine oxidase levels or lipid 
peroxidation [66].

Hormonal therapy was used in seven articles, mostly proges-
terone and melatonin [22, 34, 51, 56], but also testosterone (plus 
anastrozole or placebo) for male sexual dysfunction [32], and the 
UKISS compared prednisolone or tetracosactide depot with 
vigabatrin in infantile spasms [49].

Finally, other medications used included everolimus or siroli-
mus for TSC/SEGA [30, 44], OROS methylphenidate for ADHD 
[25], IVIG (considered a drug here) for intractable childhood 
epilepsy [36].

A note on placebo trials in pediatric populations: Fattore et al. 
were able to justify using placebo as the only treatment (for a 
short course) in patients with childhood and juvenile absence epi-
lepsy as the treatment effect could be quickly demonstrated in 
absence seizures, and as they were unlikely to directly cause serious 
harm [57].

To conclude, there are many possibilities when designing a 
drug trial, depending on your sample, and your intervention can 
be directed toward seizure control, evaluating long term out-
comes, comparing specific outcomes between different drugs or in 
different syndromes or age groups, evaluating drugs as adjunctive 
therapy, monotherapy, testing different doses, evaluation of phar-
macokinetics, improvement of comorbidities, etc.

However, as discussed above, many cases are medically refrac-
tory, and require other therapeutic options.

Of the device trials in this dataset, five were on DBS, including 
three with stimulation of the anterior thalamic nuclei (ATN). In 
the SANTE trial, Fisher et al. report that the ATN DBS baseline 
period was 1 month after implantation, after which patients 
(n = 110) were randomized to stimulation ON (5 V) or OFF 
(0 V), at 90 Is pulses, 145 pulses/s. Following 3 months of blinded 
treatment, all patients were ON from month 4 to 13 (they allowed 
limited parameter adjustments); and then they entered the long-
term follow-up period where stimulation parameters and AEDs 
could be adjusted freely [101]. Oh et al. on the other hand, also in 
stimulating the bilateral ATN, activated the implantable pulse gen-
erators only 1 week after implantation in all seven patients, with 
stimulation parameters of 100–185 Hz, 1.5–3.1 V, pulse duration 
90–150 ms, continuous stimulating mode in either one or two 

6.2 Device Trials

Mirret M. El-Hagrassy et al.



471

DBS electrode contacts [80]. In Lee et al. the same group reported 
on long-term outcomes (mean follow-up of 39 months) [84].

Valentín et al. reported on stimulation of the centromedian 
thalamic nucleus for generalized and frontal epilepsies, the primary 
outcome being generalized tonic clonic (GTC) or complex partial 
seizure (CPS) frequency. After implantation they had stimulation 
OFF for at least 3 months (blinded), then a 3-month blind ON 
phase, with continuous stimulation at 130 Hz, pulse width 90 Is, 
and up to 5 V (later adjusted for two patients who did not benefit 
from this protocol). Patients then had a 6-month unblinded ON 
phase, and in patients who benefited from stimulation the control 
period was followed by an unblinded extension phase with stimula-
tion ON [7].

Meanwhile McLachlan et al. modified equipment from their 
movement disorders DBS program to provide bilateral hippocampal 
stimulation for intractable TLE in two patients. This was a cross-over 
study with a 3 month post-implant baseline period; then the stimula-
tor was turned ON or OFF in each patient randomly for 3 month 
intervals. Their primary outcome was the difference in monthly fre-
quency of partial and secondarily generalized seizures between four 
3-month epochs: baseline, ON, washout, and OFF [75].

Responsive cortical stimulation (RNS, three articles), on the 
other hand, had the advantage of ECoG recordings (Sohal and 
Sun described its effects on rhythmic activity recorded from the 
hippocampus and neocortex [93]), although patients could only 
have one or two localized seizure foci. Morrell et al. reports that 
the neurostimulator was programmed to sense and record ECoG 
but not to stimulate for 4 weeks postoperatively; then treatment 
group patients received programmed stimulation over 20 weeks 
(blinded), after which all subjects were able to receive responsive 
stimulation over the open label period [116]. Reporting on final 
results of the RNS trial, Heck et al. state that on open label period 
completion, about half the patients had stimulation current ampli-
tude of less than 4 mA, while about a third had 4–7.9 mA, 8.7% 
had 8–11.9 mA, and only 2.7% had the maximum of 12 mA; 75% 
of patients had received under 7.3 min of stimulation a day (aver-
age 5.9 min/day) [8].

Only two other articles explored intracranial implants in intrac-
table epilepsy, one a first-in-man study on an implanted seizure 
advisory system [74], and the other a closed loop asynchronous 
drug delivery system detecting seizure onset and triggering the 
delivery of a predefined drug dose [82]. Both systems recorded 
intracranial EEG as well.

There were four articles on VNS trials, studying both pediatric 
and adult populations [87, 94, 99, 112]; another two articles were 
on transcutaneous auricular VNS [78, 100], and two more were 
on trigeminal nerve stimulation [88, 106]. The last two neuro-
stimulation articles were on low frequency rTMS in refractory focal 
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epilepsy [76, 91]. Thus, there are various ways of providing neuro-
stimulation in epilepsy patients, with varying degrees of invasive-
ness (from intracranial to noninvasive brain stimulation). The 
variability in procedures and protocols can make comparisons chal-
lenging, but indicates a need for further research to optimize 
neurostimulation in epilepsy subpopulations.

For other device trials, three articles discussed gamma knife 
radiosurgery in mTLE patients [6, 98, 105], while another inves-
tigated cognitive outcomes following MRI-guided stereotactic 
laser amygdalohippocampotomy [97]. One article was on the ISAT 
trial, comparing seizure outcomes following coil embolization vs. 
clip occlusion of ruptured cerebral aneurysms [117]. The final arti-
cle was on a pivotal trial that tested the Intranasal Midazolam 
Mucosal Atomization Device against rectal diazepam, comparing 
times to seizure cessation following the administration of each 
medication [103].

Of the five articles on surgical trials, four were on refractory TLE, 
relating to early surgical therapy vs. AEDs alone [102], length of 
resection [108], and evaluating sleep quality in refractory patients 
who had undergone resective therapy [113]. One exploratory trial 
examined the efficacy and risk of awake surgery with cortical 
 mapping and resection of epileptogenic zones in or adjacent to 
eloquent cortex in nonlesional epilepsy cases [96].

There were nine articles on diet trials in our dataset. These included 
three on the ketogenic diet (KD) in adults and/or children, with 
ratios of fat–protein + carbohydrate ranging from 2:1 to 4:1 [77, 86, 
114]. There were five articles reporting on Modified Atkins Diet 
(MAD) trials: one RCT comparing MAD to regular diet [110], one 
on Danish children (comparing MAD to KD) [109], one on 
Japanese children [83], and one on Iranian children (diet was cultur-
ally adapted); two of the trials were on adults, including one where 
patients followed with investigators by email only [81, 90].

Almost all the diet trials were exploratory, the rest were pivotal, 
all but two were non-RCTs, and all but one had samples of less 
than 100 subjects. Of course, none were blinded or placebo-con-
trol, as it is not feasible to blind for these diets.

There were eight articles on behavioral therapy in our dataset. Two 
of the articles were on PEARLS depression treatment for adults 
with epilepsy, where problem-solving therapy enhanced patient 
skills addressing the types of problems causing and maintaining 
depression, such as lack of social and physical activation [104, 107].

The COPE intervention (Coping Openly and Personally with 
Epilepsy) pilot trial, aimed at pediatric patients and caregivers, 
evaluated cognitive behavioral therapy (CBT) for primary and sec-
ondary coping [79]. Another trial compared CBT (modified) to 

6.3 Procedure Trials
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relaxation technique sessions/exercises in patients 60 years old and 
above, investigating seizure frequency and neuropsychological test 
scores [111].

One trial evaluated an educational program on self-manage-
ment in epilepsy [115], and another evaluated psychoeducation 
group session effects in PNES [95].

Finally, one trial explored Mozart K.448 as potential add-on 
therapy for children with intractable epilepsy [89], and another 
targeted AED nonadherence, evaluating a family tailored adher-
ence intervention (AI) to “treatment as usual” [85].

All of these articles on behavioral trials reported positive pri-
mary outcomes. Sample sizes were all under 50 (except for PNES) 
but subjects adhered to the duration of these trials 80–100% of the 
time in the epilepsy trials (64% in the PNES trial). This suggests 
that behavioral trials should be further investigated in patients with 
epilepsy (as well as PNES), as they are well received and can often 
be helpful for both seizure and neuropsychological outcomes.

7 Outcomes

The predetermination and careful selection of outcomes, particu-
larly primary outcomes, is essential for a good study design. In 
epilepsy trials, the selection of primary and secondary outcomes 
depends on multiple factors, including the type of intervention at 
hand, as well as the study phase.

Due to articles’ lack of clarity in defining primary outcomes, or 
a clear distinction from endpoints and measures, all are referred to 
as outcomes in this chapter. In this section we discuss only the pri-
mary outcomes of the trials in our dataset (as primary and second-
ary outcomes were often qualitatively similar).

Many trials had more than one primary outcome; we consid-
ered those as co-primary outcomes. Additionally, many articles did 
not clearly specify which outcomes they considered primary, so we 
made a best guess based on the language and organization of the 
article. For analysis of the primary outcome data, please refer to 
Sect. 13 below.

For the purposes of this chapter, we identified three types of out-
comes: clinical, surrogate, and composite (Fig. 4).

Clinical outcomes include any outcomes based on clinical mea-
sures, such as seizure frequency, adverse event reporting, and 
BMI. Functional outcomes, where neuropsychological and other 
scales assess a patient’s function, quality of life, etc., are a subset of 
clinical outcomes, and we grouped them all together.

Surrogate outcomes include indirect measures of health and 
function, e.g., serum levels of drugs, hormones, and EEGs.

7.1 Types 
of Outcomes

Epilepsy



474

Composite outcomes describe a combination of multiple out-
comes (such as test scores) into one variable, e.g., a single score.

Co-primary outcomes, multiple primary outcomes of seemingly 
equal importance to the researchers, were divided for the purposes 
of this chapter into co-primary clinical and surrogate outcomes (a 
combination of the two types), as well as co-primary outcomes of the 
same type (clinical or surrogate). There was only one composite 
outcome in the dataset.

Most articles (74%) listed clinical-only primary outcomes: 69% for 
drug trials, 81% for device trials and 77% for procedure trials. 
About 65% of the clinical-only outcomes were single, while the rest 
were co-primary clinical outcomes (Fig. 5).

Most of the primary clinical outcomes in all types of trials 
related to seizure frequency in one form or another. Some exam-
ples include seizure frequency reduction as measured by mean sei-
zure frequency over a prespecified period of time (e.g., 1 month, 
or baseline period) divided by frequency over another period of 
time (e.g., blinded phase); this could be expressed in numbers, 
percentages, percentage change, or categorized by percentage 
reduction (e.g., seizure reduction by <25%, 25–50%, >50%, or 
100%). This reduction was often analyzed in the form of responder 
rates (i.e., 50% or more seizure reduction), and was sometimes 
analyzed as seizure freedom (i.e., 100% reduction).

Sometimes reductions in particular seizure types/severity were 
specified, e.g., disabling seizures, or major seizures (described as 
GTCs or as CPSs with or without secondary generalization). Some 
articles specified the time of day (e.g., diurnal seizures), the num-
ber of seizure days, or the duration of seizures (e.g., in Holsti et al. 
the primary outcome was time to seizure cessation (i.e., seizure 

7.1.1 Clinical Outcomes
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duration) after intranasal midazolam or rectal diazepam adminis-
tration in acute seizures [103]).

Some studies used time to seizure as their primary outcome, 
e.g., time to first seizure after surgery, time to fourth seizure; this 
was sometimes described as a treatment failure event.

Wechsler et al.’s primary outcome was the percentage of 
patients receiving lacosamide who met exit criteria by the end of 
the maintenance phase, and exit criteria included: a twofold or 
greater increase in either monthly or 2-day partial-onset seizure 
average frequency compared to baseline, occurrence of a single 
GTC (if the subject had none 6 months before randomization), 
worsening of seizure duration/severity/pattern enough to warrant 
discontinuing the study, or the occurrence of status epilepticus or 
of new serial or cluster seizures [59].

Other types of clinical outcomes, especially those reflecting 
safety and tolerability of interventions (particularly in Phase I, II 
and exploratory trials) included measures of adverse events—or 
treatment emergent adverse events—over certain periods of time. 
Clinical outcomes also included neuropsychological test results 
(Psyche Cattell test, QOLIE-31, HSCL-20 depression score, verbal 
memory tests, etc.), or clinical measurements such as BMI.

Surrogate-only primary outcomes were used in ten of the articles 
in our dataset (seven on drug, three on device trials); half were 
co-primary.

Surrogate outcomes included laboratory findings such as 
plasma levels of AEDs, melatonin, NO, MDA, XO, and urinary 
levels of 6-sulfatoxy-melatonin; one trial investigated bone mineral 
density. Surrogate outcomes also included perimetry data (for visual 
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field defects), actigraphy measurements (for sleep–wake patterns), 
polysomnography, ECoG and EEG findings, and MRI changes 
(e.g., following radiosurgery). Salam et al. used a combination of 
surrogate outcomes when testing an implantable closed loop asyn-
chronous drug delivery system—the device detected seizure 
onset and triggered the drug delivery at a predefined dose, and the 
drug was measured during injection (to validate doses for seizure 
suppression) [82].

A combination of clinical and surrogate primary outcomes (i.e., all 
co-primary) were reported in 15 articles, 8 on drug, 2 on device, 
and 5 on procedure studies.

Sometimes the combinations were related to the same outcome, 
e.g., freedom from both clinical and EEG seizures [57]. Others 
related to outcomes that were clinical such as seizure frequency or 
Epworth Sleepiness scale, in addition to separate laboratory values 
(e.g., liver enzymes and LDL in a trial on MAD [83]), or MRI 
changes (e.g., SEGA volume [30]), etc.

Combining clinical and surrogate measures can validate the 
outcomes both ways, by correlating subjective with more objective 
measures (e.g., decreased seizure frequency with therapeutic drug 
levels), and also by helping quantify or describe clinical measures 
(e.g., seizure recordings on VEEG or ECoG in addition to seizure 
diaries). Particularly in the case of seizure self-reporting, patients 
should receive clear instructions on what to record, how and when 
to record it (e.g., they may not think to mention milder seizures or 
auras).

The UKISS trial used a composite score of VABS subdomains 
(communication, living skills, socialization, motor function) for 
adaptive behavior; this was the only trial with a composite outcome 
in our dataset [49].

Composite outcomes can be more objective and easier to 
compare between treatment groups. However, researchers must 
decide if the score would be clinically relevant, and whether it 
would mask variations in subsets of the score (e.g., total score 
may be similar in subjects with large variations in different subsets 
of the score).

Always ask the following questions: what is the purpose of this 
investigation (e.g., do you want to change clinical practice, or 
avoid a complication)? Will it be clinically relevant (e.g., will it help 
you identify a solution to a problem)? How you will identify the 
outcome (e.g., seizure diaries)? How will you quantify results, and 
over what period of time (e.g., how long after DBS implantation 
will you begin counting seizures, considering the implantation 
itself may lead to seizure reduction in the early period, even without 
stimulation)?

7.1.3 Clinical 
and Surrogate Outcomes

7.1.4 Composite 
Outcomes

7.2 When Choosing 
a Primary Outcome
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When designing a clinical trial is important to determine 
whether the instruments used actually measure what they are 
intended to measure. For example, in Cook et al., most patients 
greatly underestimated their seizure frequency (e.g., having 20 or 
30 seizures per month more than they estimated at their baselines, 
captured by iEEG). One patient who overestimated the seizures 
was later found to have PNES on EMU monitoring [74]. This is 
not uncommon in EMUs, where patients’ accounts of their sei-
zures do not always correlate with VEEG findings.

Thus, while it is best to use objective measurements in clinical 
trials, when subjective instruments are necessary, having additional 
measures may help improve data quality and interpretation; it can 
be helpful to anticipate such measures when choosing primary 
outcomes.

A final note: sometimes changes in outcomes are necessitated 
by small samples or difficulty of evaluation, but it is typically best 
to select outcomes carefully and in a hypothesis-driven manner, 
and then to be faithful to the results. This may help minimize 
biases and enhance interpretability of results.

8 Sample Size

Statistical power consideration and analysis is essential for any clinical 
trial, as power indicates the chance of detecting statistically signifi-
cant effects that truly exist in the trial. That is, power helps control 
the probability of making Type I and/or Type II errors [120].

The five statistical elements of concern in power analysis are 
the sample size (n), the significance criterion (α), sample variance 
(s2), effect size (ES), and power (1 − β) [121, 122].

The general consensus is that in order to test meaningful hypoth-
eses, one has to have at least 80% power for preliminary studies and 
90% power for confirmatory studies. It is only when sample size cal-
culations are reported that readers can evaluate whether the sample 
size and power calculations adequately represent concerns (including 
clinical, scientific, and statistical concerns).

It is crucial to calculate the sample size prior to the beginning 
of any interventional clinical trial, particularly if it may change 
existing therapeutic parameters. Otherwise, the study runs multi-
ple risks to its validity, including risks of Type I and II errors due 
to underestimation or overestimation of sample sizes, leading to 
the rejection of potentially beneficial interventions, or leading to 
excessive financial burdens and potential increase in patient risk 
(e.g., more patients receiving sham or placebo therapy, or new 
therapies of unclear safety).

In this chapter we discuss the methods used in our dataset to 
estimate the minimum sample size required for a fixed power. 
Articles on open label extensions (OLEs) were included among 

8.1 Introduction
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those without sample size calculations, as were articles on trials 
where the original sample had a different primary outcome than 
the article in this dataset.

Although the CONSORT 2010 Statement (item 7a)3,4 [120] 
requires that authors explain how their study’s sample size was 
determined, only 33 articles in our dataset reported sample size 
calculations (31 RCTs, 2 non-RCTs); many of those were adjusted 
to allow for dropouts.

However, only 20 articles reported the three parameters 
required to allow readers to recalculate sample size: alpha level of 
significance (Type I error), power, and expected effect size. See 
Table 9 for the number of articles reporting each item.

Alpha level was set at 0.05 in 19 articles, 0.025 in 3, 0.017 in 
4, and 0.005 in 1 article; 73 articles did not report alpha level.

The alpha levels set at 0.017 were typically calculated as 0.05 
alpha level divided by 3; in two of those articles, a Bonferroni 
adjustment was reported, e.g., comparing three dose groups of 
eslicarbazepine with placebo in one [48], and comparing three 
co-primary outcomes for two intervention groups in another [106].

Brodie et al. and Glauser et al. described the process of sample 
size calculation well, additionally stating when the interim analysis 
was planned to be performed (when 50% of subjects reached the 
primary outcome); they also describe how the sample size was 
increased to account for two stratification factors as well as a 5% 
dropout rate [45, 53].

Gonzalez-Heydrich et al. set their p-value at <0.005 
(0.05/10), to account for multiple comparisons in their adaptive 
phase I trial [25].

Power estimations were reported in only 30 articles; about two 
thirds were 80% and above, while only 9 articles reported on trials 
powered at 90% and above. Only a quarter of articles reported on 
effect sizes, and less than a fifth estimated attrition.

Sample size calculations were typically based on the intended 
primary outcomes. Sometimes they were intended to show nonin-
feriority of one drug versus another (e.g., Borggraefe et al. [37]). 
Sometimes the assumptions were derived from preliminary trial 
data [42], or previously published studies, e.g., Herzog et al. and 
Kwan et al. [32, 67]. Some researchers used historical controls, 
e.g., Wechsler et al. calculated a sample size intended to provide 
90% power to compare the Kaplan–Meier estimate of the patients 
(percent) exiting by day 112 vs. the 65.3% historical control exit 
percentage [59].

Sometimes the sample size was not calculated but chosen 
based on a previous study, e.g., in Cervenka et al. [90]. Some 
authors explained why sample sizes were not estimated, e.g., Raju 
et al. explained that they did not do the estimation as this was an 
exploratory trial, and due to the absence of data on the 2.5:1 
ketogenic diet [114].

8.2 Sample Size 
Calculations
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Actual sample sizes in our dataset are summarized by number of 
articles and by intervention in Tables 10 and 11. Please refer to 
Table 3 for a comparison between sample sizes in our dataset by 
intervention and phase of trial. As discussed previously, trials in our 
dataset tended to have relatively small samples for type.

To conclude, sample size estimation should be a part of all 
clinical trials in order to increase the likelihood of clinically 
meaningful data and to avoid having an underpowered study. 

8.3 Actual Sample 
Sizes

Table 9 
Sample size calculations

Sample size calculations Total

Alpha level 100

0.05 19

One-sided 1

Two-sided 7

Not specified 11

0.025 one-sided 3

0.017 4

0.005 1

Not reported 73

Power 100

80% and above 21

90% and above 9

Not reported 70

Sample size estimated 100

Yes 33

No or not specified 67

Effect size calculated 100

Yes 25

No or not specified 75

Attrition 100

5% 3

10% 7

15% 3

Other 5

Not reported 82
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These estimations are often based on assumptions, may include 
biases, and may not always be achieved. It is thus important to have a 
strong hypothesis as to feasibility of recruitment and likely dropout 
rates, and (as much as possible) to make sure that sufficient funding 
is available to avoid early termination of the study.

9 Interim Analysis and Stoppage Criteria

Factors determining the end of a trial include reaching trial goals, 
a scheduled date of closure, or when the trial becomes unviable. 
A statistical procedure called interim analysis can be performed at 
any point during a trial to decide on whether to adjust or stop a 
trial prematurely due to lack of or overwhelming positive effect. 
The trial can also be interrupted early in the case of life-threatening 
or severely debilitating illnesses. However, to avoid type I error, 
the interim analysis should be stated ad hoc and the p-value 
adjusted. Therefore, the research protocol should state the need 
for an interim analysis, the number of times it would be performed, 
and the stopping rules. It is recommended that a person who is not 
directly involved in the experiment carry out the interim analysis in 
order to maintain blinding. Interim analyses that do not follow 
these rules should be avoided as they may bias the results of the 
trial [123].

In this section, we will discuss premature termination, interim 
analysis and the stoppage criteria adopted by the epilepsy trials in 
our dataset. In our sample, seven articles reported stopping trials 
early, and six performed interim analyses. As shown by Ryvlin 
et al., this can lead to changing their initial statistical plans for 

Table 10 
Sample size ranges by number of articles in our dataset

Sample size 
range 0–20 21–50 51–100 101–500 501–1000

1001 and 
above

Articles 22 22 18 33 3 2

Table 11 
Same size mean, minimum, and maximum by intervention

Sample size Drug Device Procedure

Mean 222 142 64

Minimum 3 2 10

Maximum 1698 2143 209
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intent-to-treat and per-protocol populations because of the prema-
ture study termination. This (PuLsE) trial was ended earlier than 
originally intended by the sponsor due to a low enrollment rate 
[112]. Similarly, Engel et al. and Borggraefe et al. had difficulties 
in recruiting study participants [37, 102]. Cook et al. concluded 
the trial early due to funding issues [74].

Considering the studies that performed interim analyses, 4/6 of 
those articles did not clearly explain how the analyses were addressed 
[19, 52, 53, 56, 101]. Two articles reported using the O’Brien-
Fleming method, a widely used prospective statistical strategy for 
stopping due to overwhelming evidence of efficacy, and adjustment 
with the Lan-DeMets spending function approach [53].

R. Fisher et al. conducted an interim analysis, and the results of 
the analysis did not change the sample size or study course [101]. 
On the other hand, Glauser et al. performed an interim analysis for 
both efficacy and futility when 50% of the subjects reached the 
primary outcome). At this point, the sample size was expanded by 
5% due to stratification and by another 5% due to dropout [53]. 
Rektor et al. performed an interim analysis to evaluate the long-term 
tolerability, safety, and efficacy of adjunctive perampanel in patients 
with refractory partial-onset seizures 4 years after the beginning of 
the study [52]. Herzog et al. assessed progesterone treatment of 
intractable seizures in women with partial epilepsy, and performed 
an interim analysis for futility and efficacy for each stratum (cata-
menial and noncatamenial) [56]. The authors stated clear stopping 
rules for each stratum as follows:

“1. Overwhelming evidence of progesterone efficacy
(a) If planned interim efficacy analysis when 144 women in the cata-

menial group completed the study showed a statistically signifi-
cant beneficial effect of progesterone at the p ≤ 0.001 level.

(b) If planned interim efficacy analysis when 288 women in the 
noncatamenial group completed the study showed a statistically 
significant beneficial effect of progesterone at the p ≤ 0.001.

 2. Statistical evidence of futility
(a) If planned interim futility analysis of the catamenial group at the 

end of the initial phase of the investigation, i.e., after a total of 
150 subjects were recruited, showed a conditional power <50%.

(b) If planned futility analysis of the noncatamenial group at the end 
of the initial phase of the investigation, i.e., after a total of 150 
subjects were recruited, and again after 1/3 (128) and 42% 
(162) of the noncatamenial group completed the study showed 
a conditional power of <50%.

 3. Adverse Events
(a) If death possibly related to participation in the investigation 

occurred
(b) If the dropout rate during the treatment phase exceeded 20% or 

twice the dropout rate of the baseline phase.”
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It can be helpful to identify potential future problems that may 
lead to concluding the trial earlier than intended, such as funding 
or recruitment issues that may occur down the line, hopefully 
allowing those issues to be preemptively addressed. An interim 
analysis would be helpful to help decide on whether to conclude 
your trial at the provisional stop date, or if it should be concluded 
earlier or later than that. However this analysis should be planned 
ad hoc, anticipating its cost (such as modification of p-value), 
justifying its use, as well as preplanning the time it should be 
performed and the stopping rules.

10 Randomization

Randomized clinical trials (RCTs) are considered to have the most 
powerful experimental design in medical research, one that may 
lead to causal inference. Randomization is important because it 
avoids selection bias [124]. Also, randomization balances both 
unknown and known factors that may affect outcomes between the 
different trial arms, assuming both sample size and randomization 
method are suitable [124, 125]. Randomization implies that 
 participants have an equal probability of being allocated into each 
trial arm during the randomization process, as allocation occurs by 
chance.

CONSORT 2010 guidelines state that information about the 
methods used to generate the random allocation sequence, type of 
randomization, allocation concealment mechanism and implemen-
tation of randomization should be described in the body of the 
main article [130]. In this section, we will discuss the use of these 
methods in our epilepsy dataset. It is worth noting that 43% of the 
articles in our dataset (n = 43) reported on non-RCTs, mostly 
single-arm studies (n = 29) or open-label extensions of random-
ized controlled trials (n = 5). Moreover, some studies were not 
randomized because they had healthy subjects in the control group 
(e.g., Motta et al. [34]) or they had surgical interventions where 
randomization may be less feasible (e.g., Carrion et al. and Drane 
et al. [97, 113]). There were 57 articles reporting on RCTs.

Using the sequence generation method, subjects are randomly 
allocated to experimental or control groups, e.g., through a com-
puterized random number generator or random-number table. An 
interactive voice response system, through a telephone call, can 
also be utilized to manage the randomization; it is frequently used 
in multicenter trials. On the other hand, some studies use inappro-
priate nonrandom methods such as date of appointment, hospital/
physician identification number, and even date of birth for group 
allocation.

Randomization implies that participants have the same proba-
bility of receiving any of the available interventions, and to protect 
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randomization benefits, previous allocations should be unknown 
before a new subject is assigned to a group. When using inappro-
priate methods such as those mentioned above, researchers may 
know in advance which treatment arm the next subject will be 
assigned to, which can introduce selection bias into the study. 
Fortunately, these pseudo-randomized methodologies were not 
found in the articles in our dataset.

Although CONSORT guidelines recommend reporting infor-
mation on sequence generation methods explicitly in articles, this 
is not a common practice in medical literature. As shown in 
Table 12, 31/57 articles on RCTs (54%) in our dataset did not 
clearly report the method used to generate the allocation sequence. 
Of the articles on RCTs reporting sequence generation methods, 
21/26 used a computerized random number generator, 4/26 
used random number tables or randomization algorithms, and 
1/26 used a telephone-based method.

The most common types of randomization are simple, block or 
stratified randomization [126].

Simple randomization is the most basic method, in which sub-
jects are randomly assigned to each group without any restrictions. 
This method works very well in trials with large sample sizes, gen-
erating similar numbers of participants in each group. However, 
for trials with small sample sizes, simple randomization can lead to 
different numbers of participants in each group.

Alternatively, block randomization, where participants are ran-
domly assigned to blocks of equal numbers, is recommended to avoid 
imbalance between experimental conditions at any time during the 
trial. According to the CONSORT statement, block randomization 
trials should provide information about block generation, block size 
and whether the block size was fixed or randomly varied.

In stratified randomization, researchers can control for con-
founding variables, known as prognostic or risk factors (e.g., gen-
der, center, and age). These prognostic factors are baseline variables 
correlating with outcome variables, thus potentially confounding 
interpretation. It is possible to control for these factors by using a 

10.2 Type 
of Randomization

Table 12 
Frequency and percentage of RCT articles using each sequence 
generation method

Sequence generation method Frequency Percentage

Telephone-based 1 2

Computer-generated 21 37

Random number tables or 
randomization algorithm

4 8

Not clear 31 54
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separate randomization list for each variable, such that confound-
ing variables are equally distributed between the different arms. In 
the stratification, blocking can be used to guarantee an equal num-
ber of participants for treatments in each stratum or the researcher 
can use simple randomization. Authors should report which fac-
tors were controlled for, the cutoff values, and the method used 
(e.g., simple randomization and block randomization).

Stratified randomization with many prognostic covariates (e.g., 
more than 4) requires a large sample size. In this case, an alterna-
tive stratification technique such as minimization can be used. 
Minimization considers important prognostic factors together, 
allowing balancing over a larger number of covariates. For the first 
subject, the allocation is truly randomized; after that, the alloca-
tion that minimizes the imbalance between groups with regard to 
the selected factors is identified. Then this allocation is chosen, or 
a choice is made at random with heavier weight in favor of this 
allocation (e.g., a probability of 0.8). Considerable programming 
and computing resources are required in minimization technique. 
The CONSORT statement indicates that minimization should be 
explicitly reported when used, as should the variables added into 
the scheme.

Other randomization methods include biased coin randomiza-
tion, which randomizes participants with equal probability among 
different groups if the number of participants in each group is 
nearly balanced. Otherwise, if the number of participants in one 
group is higher than a prespecified value, the allocation probability 
(p) is adjusted such that the group with fewer participants has a 
higher p.

In our dataset, only two trials reported using simple randomiza-
tion. One used computer-generated random numbers with 34 par-
ticipants allocated to the intervention group and 30 allocated to 
the control group [95]. The second trial had 50 participants in 
each group (short versus long resection) by chance [108]. Both 
trials had approximately balanced experimental and control groups, 
even though their sample sizes were not large.

The type of randomization employed was not made clear in 26 
articles (45.6%) as seen in Fig. 6. As to block randomization, six 
articles reported using block randomization only, while nine used 
block randomization divided by strata. Of those 15 articles that 
reported blocking, 9 used fixed block sizes; the most commonly 
used block sizes were 4, 6, and 3. Meanwhile, two articles used 
random permuted blocks, meaning that the blocks had different 
sizes chosen randomly. Variable block sizes help ensure allocation 
concealment as they avoid the predictability of treatment alloca-
tion for the participants involved at this stage. Otherwise, if experi-
menters are aware of the block size, they would know the treatment 
the last person of each block would receive, and no longer be 
blinded. Four articles did not report on block size.

10.2.1 Methods Used 
in Our Dataset
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Another 12 articles reported the use of stratification but did 
not specify the type of randomization within each stratum. One 
article used biased coin randomization with stratification. 
Commonly used strata included investigational site (in multicenter 
trials), location and number of seizures, age of participants (in 
pediatric studies), baseline partial seizures, prior therapeutic surgery 
for epilepsy, seizures reported in the prior 6 months, type of 
seizure (e.g., catamenial or noncatamenial), gender, baseline 
adherence data (to eliminate participant imbalances across groups), 
concomitant levetiracetam use and the best recommended treatment. 
Finally, one article reported using minimization method.

The implementation of randomization is the description of who 
generated the allocation sequence, who enrolled participants, and 
who assigned participants to different interventions. Careful imple-
mentation of randomization is important to guarantee allocation 
concealment, but 35/57 (61%) of the articles on RCTs did not 
clearly state how it was performed.

As most of our RCTs (48/57 articles, 84%) were in multi-
center settings, 18 articles reported that a central site performed 
sequence generation. Only one article reported that each research 
unit independently carried out randomization. Another three 
articles reported that sequence generation was conducted in their 
trial by an independent team assistant who was not involved in 
interventions (i.e., a statistician, pharmacist, or trial nurse).

Only three articles reported on who enrolled participants in 
the study (research assistants in all three cases); one of those arti-
cles mentioned that this person was independent from the other 
steps of the study. We identified only eight articles reporting on 
who assigned participants to interventions (e.g., secretary, nurse, 
pharmacist, a person not involved in outcome assessment, or the 
central pharmacy that prepared the medication).

10.3 Implementation 
of Randomization
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It is best practice to have an independent investigator enroll 
participants, another to generate the randomization sequence 
and/or assign participants to their groups, and not to have these 
investigators involved in intervention or outcome assessments. The 
bottom line is to avoid influencing allocation to different groups, 
and to avoid accidentally (or intentionally) unblinding assessors 
and participants.

Allocation concealment means hiding the allocation sequence from 
the people assigning trial subjects into their intervention groups, 
until the subjects are actually assigned [127]. This helps reduce 
selection bias by preventing researchers from influencing which 
participants are assigned to which group.

While selection bias may occur prior to randomization, allocation 
concealment may still prevent bias during randomization once 
patients are enrolled. Allocation concealment is thus critical to ran-
domization. It is separate from random sequence generation, and 
properly generating a randomization sequence is of little use if 
proper allocation concealment is not performed [128]. Unlike 
blinding, allocation concealment is always possible and necessary.

Only 13 articles in our dataset clearly reported allocation con-
cealment, even though they did not always report their methods; it 
was unclear whether it had taken place in several other articles, but 
most did not report allocation concealment at all.

The measures used for allocation concealment in our dataset 
included: (a) interactive voice response systems [50, 63]; (b) ran-
domization by assistants that were not involved in intervention, or 
by blinded third parties [104, 108]; (c) using sealed envelopes 
containing the randomization codes (two articles specified that the 
envelopes were opaque) [110, 114, 118]; (d) using numbered 
containers to conceal random treatment groups [42] (note, con-
tainers should be opaque and appear identical); (e) communicating 
the patient group to the surgeon via letter only on the day of 
surgery [108].

11 Blinding

Another important method to minimize the introduction of biases 
is study blinding (one of the items in the CONSORT 2010 check-
list). Blinding refers to keeping those involved in an RCT unaware 
of the assigned intervention.

Allocation concealment protects the assignment sequence 
before and up to the point of allocation; it primarily prevents selec-
tion biases, and is always possible and necessary.

Blinding, on the other hand, protects the sequence after allo-
cation, such that subjects and/or assessors are not aware of group 
assignment. Blinding helps prevent ascertainment bias; however, 

10.4 Allocation 
Concealment

Mirret M. El-Hagrassy et al.



487

it cannot always be implemented (e.g., in Holsti et al. unblinding 
to the medications—intranasal midazolam vs. rectal diazepam—
was unavoidable [103]); additionally, when the outcome is objective 
(e.g., mortality rate), blinding may not be necessary.

Lack of blinding can lead to distortion of outcome recognition 
and/or interpretation (ascertainment bias). Even when blinded, 
subjects and/or assessors may suspect that a subject received a par-
ticular intervention (e.g., due to side effects) or placebo; thus, 
blinding may not completely erase the risk of ascertainment bias.

The levels of blinding are nonblinded (open or open label), sin-
gle-blind, double-blind, and triple-blind studies. Unfortunately, 
the terms are often confused and interpreted differently in the 
literature. Additionally, the term quadruple-blind is rarely used.

Typically, phase I drug trials and exploratory device or procedure 
trials are open label, emphasizing safety and gathering preliminary 
data. Blinded RCTs also often undergo an open label phase, where 
patients who received placebo are now given the active treatment.

Only one of the three categories of people involved in the trial 
(subjects, investigators, and assessors) remains unaware of the 
group assignment throughout the trial. Typically, it is the subjects 
that are blinded.

However, sometimes the term is confusingly intended to 
denote that the subject and investigator but not the assessor are 
aware of the group assignment (a situation which is more properly 
termed dual-blind).

This term is rather misleading as it typically denotes that the subjects, 
investigators, and assessors (who are often also the investigators) 
are all unaware of the intervention.

This usually means that the data analyst is also kept blinded in a 
double-blind trial. However, it is sometimes used to mean that the 
subjects, investigators, and assessors (who are separate from the 
investigators in this case, and may be statisticians, pharmacists, 
etc.) are all blinded.

This denotes that subjects, investigators, assessors, and data ana-
lysts (four distinct groups in this case) are all blinded to the group 
assignment. This term is rarely used as triple-blind may indicate 
these levels of blinding—in fact, it is important to specify who is 
blinded as terms can vary across studies [129].

In our dataset, 30 articles reported on double-blind studies, 7 on 
single-blind studies, while 1 was on a triple-blind study (other 
studies in our dataset could potentially be considered triple-blind, 

11.1 Level 
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11.2 Blinding in Our 
Dataset

Epilepsy



488

but were not given that term), and one was on a partially blinded 
study (Fig. 7). The two articles that did not report on blinding 
were assumed to be nonblinded, making a total of 61 articles on 
nonblinded (open label) studies. These included 21 articles on 
nonblinded RCTs (including open label extensions of double-
blind studies). See Fig. 8 for the distribution of nonblinded RCTs 
by intervention and phase.

Some relevant examples of different types of blinding and the 
reasoning behind them are given below.

In Mcdermott et al., as it was not possible to blind patients or 
investigators to whether or not patients received anteromesial tem-
poral resection in addition to pharmacotherapy, they instead had 
what they called “partial blinding,” where a blinded independent 
panel monitored both groups’ seizure pharmacotherapy, and a 
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blinded committee classified patients’ epileptic seizures based on 
their diaries [102].

Baulac et al. is an example of a triple blind study (patients, 
investigators, and the sponsor personnel who were administering 
AEDs, assessing outcomes, and analyzing data, were all blinded), 
as well as a masking method, where they ensured that patients took 
the same number of identical capsules by using matching placebo 
tablets and by overencapsulation [50].

Single blind studies included Wei Sun et al. (others may call it 
double-blind) where the staff members performing rTMS treat-
ment were unblinded, but the patients and other experimenters 
[76], including those reading the EEGs [91], were blinded, and 
Cho et al., where only the physician reading the polysomnogram 
was blinded [38].

Another single-blind study was reported in Chaytor et al., 
where blinded interviewers conducted outcome assessments, but 
subjects, as well as the therapists and psychiatrists (both of whom 
reviewed PEARLS cases) could not have been blinded [107]. 
Additionally, in the first article on PEARLS [104], they reported 
allocation concealment by having assistants (who did not have an 
intervention role) generate the randomization sequences, enroll 
and assign patients to each group.

In general, when the mode of therapeutic administration is 
different (e.g., tablets vs. depot, intranasal vs. rectal), it is more 
challenging to blind those administering or receiving the medica-
tions, although it may still be possible by double-dummy design 
(giving a placebo of one drug route and an active drug of the other 
route). Additionally, certain aspects or assessors of the study can be 
blinded, such as interviewers who are not involved in prescribing 
or giving the medications, and EEG readers.

When a team approach is necessary to evaluate cases, such as 
where epilepsy surgical conferences are in order, or when behav-
ioral interventions need to be administered, blinding may be lim-
ited by necessity. However, it is best to blind as many participants 
as possible. This may increase the costs of the trial, but improves 
the quality of the data and its interpretation.

Even in open label studies, some measures of reducing ascer-
tainment bias can be employed. For example, when testing an 
implanted seizure advisory system, patients, investigators, and 
other EEG reviewers did not know the advisory indicators during 
the data collection phase [74].

Glauser et al. described a double-blind design where subjects 
and site personnel were blinded to treatment allocation, with the 
central pharmacy sending subject-specific study kits based on the 
subject’s clinical response, prescribed by the local site investigator 
[53]. However, subjects reaching treatment failure in the double-
blind phase were allowed to enter into the open-label phase, in 
which case they would be randomized to one of the other two 
AEDs. Blinding was then maintained by giving subjects the same 
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number of capsules at all steps and weight groups. They describe a 
double dummy design allowing patients who could not swallow 
to participate, by instead taking liquid ethosuximide, a capsule 
containing crushed chewable (lamotrigine) with filler, or (valproic 
acid) sprinkles with filler. The placebos looked and tasted similar to 
the active drug.

Other studies were called double-blind, but may be considered 
triple-blind by other readers. For example, Masur et al. [55], using 
the same cohort as Glauser et al. [53], sought to measure atten-
tion; however, blinded evaluators performed central scoring, and 
so, it may be called triple-blind rather than double-blind. Another 
example is reported by Schramm et al. where they blinded the 
patients, epileptologists and the people performing MRI volumetry, 
but not the surgeons performing the resections [118].

Of the nonblinded pivotal RCTs, two were diet trials, which 
could not be blinded to patients or investigators; both used opaque 
sealed envelopes for allocation concealment [110, 114].

It can be assumed that studies on infants and very young chil-
dren, when using surrogate outcomes, are less likely to be affected 
by patient biases. Caregiver or assessor biases may influence clinical 
outcome reporting, but EEG findings, serum levels of AEDs etc. 
are unlikely to be affected (note that it may be helpful to standard-
ize timing of measurement, even in objective surrogate outcomes). 
In adults and older children, however, a careful assessment of 
potential biases is commendable even when relatively objective 
measures are used. For example, patients who believe that a par-
ticular therapy can reduce their seizures or improve their sleep may 
feel less stress, may sleep better, may be more compliant with 
therapy, and this may affect EEG findings.

Blinding may be unethical in some cases, e.g., the open-label 
PuLsE trial (on VNS), where a long follow-up was needed, and as 
physicians adjusted AEDs clinically [112].

Finally, several studies mentioned blinded outcome reporting 
(an important measure to reduce biases in interpreting data) [53, 
57, 118], but the majority did not.

In conclusion, as much blinding as feasible and ethical should 
be the goal when designing clinical trials, particularly phase III and 
pivotal trials. Blinded outcome assessments should be attempted.

One way to ensure proper blinding is to use interventions that are 
not easily distinguishable from one another.

In over a dozen reports on similarity of intervention in drug 
trials [32, 37, 42, 46, 47, 50, 57, 59, 60, 65, 67, 68, 73, 85], most 
articles reported that the active drug and placebo were matched, or 
were similar or identical in appearance (almost always oral form, 
though sometimes they specified similar size, shape, color, and/or 
taste, and in Herzog et al. depot testosterone was combined with 
either (oral) anastrozone or placebo [32]; in Abou-Khalil et al. the 
placebo and diazepam autoinjectors were identical) [71]. In titration 
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studies, different doses of the active drug, as well as placebo when 
present, were also matched. Some studies reported identical pack-
aging, overencapsulation, and several reported a double dummy 
design. Some reported that the same pharmacist prepared the 
medications, or that the same company manufactured them [46, 
47]. Some of the better measures are already mentioned in the 
subsection above, e.g., in Glauser et al. [53].

Likewise, devices and procedures tended to be administered in 
roughly similar ways. For example, articles reported having all sub-
jects undergo actual or sham neurostimulator programming [116], 
thus spending a similar amount of time with the physician, or 
adjusting DBS settings such that patients would be unaware of 
stimulator status [75]; Masur et al. administered the order of neu-
ropsychological testing similarly in each site [55].

Thus, there is typically some way to make interventions at least 
partly similar across groups, and the greater the similarity, the bet-
ter the blinding.

It is important to strive to maintain blinding integrity. Degiorgio 
et al. mentioned multiple measures to this end, e.g., trigeminal 
nerve stimulation device programming was performed away from 
blinded study physicians and staff; subjects were stimulated at only 
treatment or control settings (so that they would not be able to 
compare and recognize any differences); they were told that sen-
sory experiences may vary among subjects; and they were instructed 
to describe their sensations only to the unblinded coordinator (not 
the blinded staff); finally device settings were covered by opaque 
adhesive labels [106].

However, even the best blinding efforts can be thwarted. For 
example, subjects coming into contact with unblinded personnel 
may potentially pick up clues as to their group assignments, or they 
may be able to detect whether they received active intervention or 
not. Researchers may guess at randomization (especially if improp-
erly randomized). Unblinded staff may be pressured to give clues 
as to the grouping by researchers higher on the totem pole. 
Adhesive labels can be exchanged.

None of the articles in our dataset reported using strategies to 
assess for successful blinding. However, there are a number of such 
strategies. One method is to simply ask subjects and researchers at the 
end of the trial (before unblinding them) which intervention they 
thought they had received. If the aggregated correct responses exceed 
those expected by chance alone, the blinding of the study may have 
been compromised. Other examples are mentioned in Chap. 1.

It should be noted that the recommendations for this type of 
testing have been removed from the 2010 CONSORT statement; 
the reasoning is that participants and healthcare providers typically 
know if the primary outcome was reached, making it difficult to tell 
whether correct responses simply reflect correct assumptions about 
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intervention efficacy, or failure of blinding. Now they only recom-
mend that researchers disclose known blinding compromise [130].

It should also be noted that while it can be helpful to directly 
assess subject and researcher blinding, unblinded parties might still 
lie if asked; for example, researchers may not want the data to 
appear compromised, and subjects may not want to disappoint 
researchers or appear guilty.

12 Adherence

Adherence refers to how well clinical trial participants do what they 
are asked to do for the trial, an important measure of the trial’s 
effectiveness (efficacy and tolerability).

It is crucial to consider adherence when designing and con-
ducting a clinical trial, as it can be impacted by nearly all other 
design considerations. Poor adherence to the intervention regimen 
or to follow-up visits can lead to missing data, underpowered stud-
ies and misleading results, such as thinking an intervention is less 
effective than it really is (when used properly), or not recognizing 
side effects. Knowing the adherence is thus critical to interpreting 
trial results.

Researchers should, when necessary and possible, incorporate 
measures to improve adherence. These strategies should not influ-
ence the outcomes themselves, and should be equivalent in each 
trial arm. In order to incorporate such strategies, researchers must 
anticipate potential causes for poor adherence in their study, with 
their specific intervention, patient population, disease severity and 
study duration. There are also global measures to improve patient 
adherence, such as having good rapport and communication with 
researchers, as well as trust in the investigators (perhaps particu-
larly in the case of surgical or invasive procedures).

In epilepsy trials, transportation should be an important con-
sideration, as patients entering clinical trials often have intractable 
epilepsy and cannot (or should not) drive. Reliance on family 
members, particularly during business hours, may reduce adher-
ence. Cost and burden of adherence, ease of intervention adminis-
tration (e.g., drug or diet), side effects and perceived effectiveness 
are some of the most important factors impacting adherence. 
Finally, considering the subjectivity of many clinical measures 
(which depend on patients’ and/or caregivers’ memories), adher-
ence to drugs, record-keeping, and follow-up appointments can be 
particularly important. Ideally, adherence strategies would address 
all relevant factors.

As mentioned in the introduction to this chapter, effectiveness 
involves both efficacy and tolerability, as reflected by adherence to 
the drug (or intervention), and it is one of the main questions 
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clinical trials are intended to answer. Only two articles reported 
adherence in our dataset: Klein et al. measured urine ketone bodies 
and serum β-hydroxybutyrate levels, and calculated an overall 
compliance score [77]. They were the first ketogenic diet study to 
their knowledge to quantitatively measure compliance.

On the other hand, Wagner et al. reported how many patients 
completed the COPE program, how many sessions were attended, 
etc. To improve adherence, they included activities to help subjects 
master the material and interact with the group; participants also 
received homework assignments and a colorful, developmentally 
appropriate COPE notebook. Other measures included gas cards, 
modest monetary compensation, and when children completed their 
homework, they also received small trinkets and gift cards [79].

In our dataset, less than a tenth of all articles reported mea-
sures to either improve or measure adherence or compliance, and 
some of those were incomplete, e.g., lasting for only part of the 
trial duration [109].

In drug studies, attempts to improve adherence included pill 
counts, such as in French et al. and Glauser et al. [47, 53]; the lat-
ter also measured the amount of liquid returned, and asked how 
many doses were missed. Glauser et al. retained 98.5% of patients 
at the end of the trial, while French et al. retained 73.2% (many of 
the discontinuations had been due to adverse events or unsatisfac-
tory responses, however).

As with Klein et al. [77], others took more objective measure-
ments, e.g., comparing serum melatonin levels before and after 
therapy, which also helped confirm compliance [51]. Checklists 
kept by subjects and audiotapes of intervention sessions helped 
other studies [31, 104].

Using quantitative means to measure adherence, especially 
when repeated, may help improve adherence; they may also help 
achieve meaningful interpretations of study outcomes. A caveat is 
that repeated measures may become a less accurate reflection of 
adherence in real-life scenarios if similar measures are not taken; if 
measured regularly in real life, they may become an extra burden 
to the patients, providers and to overall healthcare costs.

In device and surgical trials, patients may be more likely to 
adhere to follow-up visits and record keeping due to the invasive-
ness of the interventions, the need for implant setting adjustments, 
or close inspection of adverse events. However, there are other 
measures that patients may need to adhere to. For example, patients 
with an RNS implant must collect Neurostimulator data daily, and 
send this data to the PDMS weekly [131]. Thus, published proto-
col adherence rates would be helpful in interpreting the data.

Knowing the degree of adherence to study protocol is essential 
for the PI to interpret the data, and reporting it is an important 
aspect of the peer review process.
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As we are unable to obtain protocol adherence rates for the studies 
in our dataset, we instead calculated adherence to the study period, 
by dividing the number of subjects who completed the study 
(numerator), by (denominator) either the number randomized (in 
RCTs), or the sample size (in non-RCTs).

It was not possible to calculate this number in 16 articles, 
where the variables were not clearly reported.

In our subset of 84 articles, the adherence to study duration 
ranged from 39.1% to 100%, with a mean of 85.5% and a median 
of 90%. We compared studies that scored <80% adherence to study 
duration to those that scored 80% and above by type of interven-
tion (see Table 13).

Table 14 shows that device trials fared best, with 73% of the 
articles reporting duration adherence rates of 80% and above, com-
pared to only 8% with under 80% adherence (the remaining device 
articles were missing this information). Procedure trials did not do 
quite as well, with 68% reporting rates of 80% and above, and drug 
trials fared worst of all, with only 48% of articles on drug trials 
reporting rates of 80% and above, and 33% reporting rates below 
80%.

As mentioned above, patients may be more likely to continue 
to follow up after invasive procedures. Procedures requiring brain 
implants/surgery may have better rates of follow-up compared to 
simpler procedures. For example, adherence in the RNS trials was 
>90% at 2 years (8117), and in DBS trials rates tended to be higher 
as well. For example, in Fisher et al., 82.7% of 110 subjects 
remained in the study at >2 years [101], and in Lee et al., all 
remained at 2 years [80, 84].

In the meantime, a VNS trial in Budapest had an adherence to 
study rate of 61.5% at 2 years [94]. In another VNS trial, exact 
adherence to study at 2 years was unclear (it was not included in 
the calculations above), but by the time of study termination, only 
49.2% of the 122 patients had completed their 1 year follow-up 
[112].

It is notable that discontinuations or dropouts increased with 
longer study durations. Adherence to the study period can also 
vary between subjects receiving one drug vs. another, or between 
those receiving a drug vs. placebo. The discontinuations are often 
related to side effects or lack of efficacy, and it is important to 
report such differences.

As for diet trials, adherence to the durations of the trials ranged 
from 78.7% to 91.7% in KD, while MAD was more variable—as 
low as 47% in the Iranian children [92], and up to 95% at 1 month 
for the adult trial on email management, but then it went down to 
64% at 3 months [90]. Thus, there are very specific challenges for 
diet trials.

Epilepsy patients tended to adhere to behavioral trial durations 
at high rates (80–100%) as mentioned previously.

12.2 Adherence 
to Study Duration

Mirret M. El-Hagrassy et al.
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To conclude, it is important when designing a trial to antici-
pate lack of adherence, to take measures to prevent it, and to record 
it when it happens in order to better interpret the data.

13 Statistical Analysis

When designing clinical trials, researchers should first identify their 
intended outcomes and plan their statistical analysis accordingly, 
using the methods needed to answer the research question. 
Otherwise, data interpretation will be compromised.

The CONSORT statement highlights the assumption that 
data points are independent within standard methods of analysis 
(usually meaning that there is one observation per participant in a 
controlled clinical trial). Each participant should be counted once 
for data analysis, or more complex statistical methods should be 
used. However, it is a serious error to treat multiple observations 
from one participant (e.g., when data are measured in different 
parts of the body) as independent data [132–135]. It is also impor-
tant to know when to use the assistance of statisticians and how to 
communicate with them.

Please refer to Chap. 1 for more details on planning statistical 
analyses for clinical trials.

ITT analysis in an RCT indicates that all participants and groups in 
the trial are analyzed exactly as they were randomized. This pre-
serves the strength of RCTs in cause and effect inference. Yet it is 
often hard to have a strict ITT analysis due to missing data or lack 
of adherence to treatment protocol [136].

Of the 57 articles on RCTs in our dataset, 35 reported using 
ITT analysis, while 22 did not use an ITT or did not mention it. 
However, only about a third of those 35 articles reported using 
strict ITT analyses; the rest either reported using a modified ITT, 

13.1 Intention-to-
Treat (ITT) Analysis

Table 14 
Adherence to study duration (<80% or more) by intervention (where information available)

Drug Device Procedure

Percent adherence to study duration (84 articles total) <80 ≥80 <80 ≥80 <80 ≥80

Number of articles 17 25 2 19 6 15

Percent per each intervention 40 60 10 90 29 71

Percent per total of all interventions 20 30 2 23 7 18

Percent per intervention total (e.g., drugs with <80% 
adherence/all drug articles, including articles with 
missing or unclear data)

33 48 8 73 27 68
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or simply reported ITT but its description stipulated requirements 
beyond randomization.

Many reported that all efficacy assessments were based on the 
ITT population, which they considered to be all patients who had 
received at least one dose of the study drug or intervention; some-
times they included only those who also had at least one post-
baseline efficacy assessment, e.g., Ben-Menachem et al. [48]. Sun 
et al. considered all randomized patients who had received at least 
three sessions of rTMS to be the ITT population [76]. However, 
in a strict sense, ITT means that all randomized patients are ana-
lyzed, irrespective of whether they received treatment. Yet, in that 
particular study, all randomized subjects were analyzed; thus, even 
though their intended analysis was not strictly ITT, the end result 
was that they performed a strict ITT analysis. Not all studies claim-
ing an ITT analysis but excluding randomized subjects fall into this 
fortunate category.

Excluding randomized patients compromises the randomiza-
tion of the trial. For example, if a trial has three arms, and a patient 
randomized into one arm does not receive treatment and is thus 
excluded from analysis, then the other two arms would hold greater 
weight. Excluding patients from analysis because they received 
only part of the intervention may reduce the likelihood that inter-
vention-related factors be addressed, potentially limiting the inter-
vention’s future clinical use.

Additionally, if one or more treatments are completed but there 
is an absence of data pertaining to treatment effects (e.g., some 
patients did not complete their seizure diaries), patients should still 
be analyzed as they were randomized (ITT), ideally with the pro-
tocol laying out the plan to deal with missing data (see Sect. 13.3 
below). An ITT analysis is the best approach for efficacy 
measurements.

The most important reason to use an ITT analysis is to ensure 
that groups will be comparable, thus preserving the main benefit of 
the randomization. Using a per protocol analysis (i.e., analyzing 
only subjects that fulfilled the study protocol) often reduces the 
study’s power and leads to biases, which can be more detrimental 
to its interpretation than missing data in an ITT. A per protocol 
(PP) analysis also restricts the generalizability of the trial results to 
ideal patients (which are uncommon in the real world). In this 
dataset, many studies used both ITT and PP analyses; such an 
approach is recommended in noninferiority trials [137]. It would 
also be recommended in subjects who, for example, are unable to 
receive the intervention (e.g., unable to swallow study pills) after 
randomization.

It is particularly important to minimize nonadherence to study 
procedures when running ITT analyses, as estimates of treatment 
effects (which are often diluted by noncompliance) tend to be con-
servative. In other words, subtle outcome differences between the 
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intervention groups may be missed, or may not reach statistical 
significance. In crossover studies, particularly if many patients cross 
over to the opposite treatment arm, data interpretation may 
become difficult [138]. The final analysis would best control for 
such factors.

Interestingly, three articles on non-RCTs also reported using 
ITT (not necessarily strict), despite all being single-arm (drug and 
diet) studies.

Thus, it is important to understand the purpose of the ITT 
analysis, its advantages and disadvantages, and to report on whether 
it has been followed in the study.

It is important to know the outcome of interest and how it is to be 
analyzed in order to select an appropriate statistical test. In this 
chapter, we report only on statistical tests used for primary out-
comes, as they tended to be similar to secondary outcomes (Fig. 9). 
We classified those in this dataset as continuous, categorical, and 
time-to-event outcomes.

In the following subsections, we discuss the statistical tests 
most commonly used and when to use them.

In our dataset, primary outcomes were analyzed as continu-
ous variables in 74 articles, as categorical variables in 45, and as 
time-to-event variables in 9 articles. There is overlap because 
many articles had multiple primary outcomes (or their primary 
outcomes were not clear and we had to make a best guess), and as 
similar variables can be treated in various ways (e.g., continuous 

13.2 Outcome Data
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variables can be dichotomized and analyzed as categorical data, 
e.g., responder rates). As a result, multiple articles had more than 
one continuous primary outcome data point, or a mixture between 
continuous, categorical and/or time-to-event data.

About a third of the articles utilized descriptive statistics 
(mostly for continuous and categorical data, although those were 
the data types for most articles); in most of those cases, only 
descriptive analyses were performed (e.g., when sample sizes were 
small), but sometimes they were performed in conjunction with 
other statistical tests.

Continuous data are those measured on a numerical scale, including 
percentages and means, e.g., seizure frequency per month, changes 
in seizure frequency, and QOL measures. In this dataset, normal 
continuous primary outcome data was mainly analyzed using 
t-tests and analyses of variance (mostly ANOVA and ANCOVA), 
while nonparametric tests such as Mann–Whitney U and Wilcoxon 
signed rank test were used for nonnormal continuous data.

Most of the continuous data related to seizure frequency, or 
some variation of it, e.g., seizure frequency or its reduction, seizure 
frequency normalized over 30 days, etc. (as a mean or median). 
Sometimes it related to neuropsychological scores, or number of 
adverse events.

It is ideal to design a clinical trial with a hypothesis as to how you 
want the data to behave. For example, if you want to have valid 
statistical inferences with optimal power, then you should design 
around data that are likely to be normally distributed without 
many outliers; in such cases you would be able to analyze the actual 
data, e.g., average seizure frequency per month, using a t-test; the 
results of using this normal-based test on normal data would be 
valid and with optimal power. The more homogenous the sample 
population, the more likely it is that the data will be normally dis-
tributed. For example, if the primary outcome is average seizure 
frequency per month, and the sample includes only subjects with a 
relatively narrow average; e.g., 4–6 seizures/month, then the 
resulting data in the trial are more likely to be normally distributed, 
and you can also use a confidence interval (CI) for the difference 
of the means. (Note that means are the most stable measurements 
of normal data).

On the other hand, if a trial includes patients with both well-
controlled and intractable epilepsies, or intractable epilepsies 
with a wide range of or highly variable average seizure frequen-
cies per month, e.g., 1–50 seizures/month, then the data is 
likely to have many outliers, or to not be normally distributed; 
that is, the data is unstable. As it can be quite difficult to design 
trials around very homogenous populations, many trials are 
likely to fall into the latter category, and may instead benefit 

13.2.1 Continuous 
Primary Outcome Data

How to Use Continuous 
Data
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from using ranks; e.g., ranking seizure frequency per month from 
lowest to highest (with some subjects potentially having the same 
rank), and using a Wilcoxon (nonparametric) test to compare aver-
age ranks. The results will still be valid, minimizing the false positive 
rates, and the power should still be good. Note, compared to an 
optimal test (e.g., normal based test on a normal data distribution), 
the loss of power when using a nonparametric test is equivalent to 
losing about 5% of the sample size; thus, this loss of power may be 
negligible, or close to it, with a sufficiently large sample size.

Fortunately, ranks are robust against outliers (e.g., in a sample 
of 20 subjects, where one subject has a count of 150 seizures com-
pared to 19 other subjects who average a count of 10 seizures each, 
if you include this outlier the mean seizure count would increase 
dramatically, while if the subjects are ranked from 1 to 20, this 
subject would remain at the 20th rank, even if the subject at the 
19th rank had 10 seizures.) One drawback is that using a nonpara-
metric test, while valid (thus minimizing the false positive rate), 
may reduce your ability to clinically interpret the results.

It is also possible to use a parametric test based on the normal 
distribution even in the case of non-normally distributed data, but 
only when the sample size is large. Based on the Central Limit 
Theorem (CLT) [122], the test will still be valid if the sample size 
is large enough (typically a sample of at least 30) but the CLT does 
not promise good power. If the sample size is too small, it would 
always be invalid to use a normal based test if the data is not 
 normally distributed (but a nonparametric test would be valid, 
with good if not optimal power).

One more option for nonnormal data (when comparing mul-
tiple variables) is to use a transformation when possible (e.g., log 
transformation for right-skewed data) that makes the data normal. 
Then normal based tests can be used on the transformed data, and 
these tests will be valid with optimal power—but it may be difficult 
to come up with clinically interpretable results. Log transforma-
tions are often performed on highly skewed data.

Other parametric models can be used. For example, for count 
data (e.g., number of days a patient is hospitalized for monitoring, 
or following surgery), you may use a Poisson distribution. Sun 
et al. compared the primary outcome (seizure frequency, which is 
count data) and interictal epileptiform discharges between the 
high- and low-intensity rTMS groups using a GEE model for 
repeated measures, which was based on a Poisson loglinear distri-
bution [76]. For right-skewed data (e.g., cost of a hospitalization), 
you can use a lognormal distribution.

Categorical outcomes include dichotomous and ordinal outcomes.
Dichotomous outcomes are variables that can belong to only 

one of two mutually exclusive categories, e.g., yes or no, present 
or absent, 50% or greater seizure reduction (responder) or not. 

13.2.2 Categorical 
Primary Outcome Data
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The most commonly used categorical data are dichotomous 
(i.e., binary) outcomes. They often lead to 2-by-2 tables (assuming 
the exposure is also binary).

When subjects are classified in a category and the categories 
have a natural order (e.g., mild, moderate, severe), outcome data 
are of an ordinal type. Ordinal outcomes include measurement 
scales, e.g., some neuropsychological scales, which can have total 
scores, the levels of which are not equivalent to other total scores.

In our dataset, categorical primary outcome data was typically 
analyzed by Fisher’s exact test, and chi-square test. Categorical 
data was often in the form of responder rates (50% or greater 
reduction in seizures, yes or no), or sometimes freedom from sei-
zures at a point in time (or a particular type of seizure, e.g., focal 
seizures, GTCs, and disabling seizures), as well as Engel class, 
adverse events (as opposed to total number of subjects with adverse 
events, which would be continuous data), neuropsychological test 
results (e.g., in Jóźwiak et al. the Psyche Cattell test was catego-
rized from normal to severe/profound mental retardation based 
on the score [35]), etc.

Some types of data are naturally dichotomous (e.g., mortality, where 
the subject is either alive or dead), but continuous data is also often 
dichotomized and then treated as categorical data (e.g., seizure fre-
quency dichotomized into responder rates, or categorized into per-
centage seizure reduction groups); or data can be treated as both 
continuous and categorical. Ordinal outcomes with increasing num-
bers of categories (e.g., presence or absence of certain seizure types), 
and longer ordinal scales are often analyzed as continuous data, 
while shorter ones are often combined together into dichotomous 
data, especially if there is an obvious cutoff. Less obvious cutoffs can 
lead to bias and it is important to decide on any cutoffs prior to the 
beginning of the study in order to avoid biases that may maximize 
the appearance of benefits of an intervention [139].

When using any type of scale as your primary outcome, it is 
important to know if such scales have been validated (although 
some trials may aim to validate a new scale). Even when the same 
rating scale is used in a clinical trial, sometimes modifications are 
made. Some modifications are necessary, such when a scale is 
applied to a different culture or translated into a different lan-
guage, e.g., Elkhayat et al. used versions of the Children’s Sleep 
Habits Questionnaire and the Epworth Sleepiness Scale-pediatric 
version which had been previously translated and modified to 
Arabic versions [51].

As to statistical testing, run the exact test (Fisher’s exact test) 
when possible, as it will give you an accurate p-value. However, 
with large sample sizes, it may not be possible to run the exact test, 
or it may take a very long time. In such cases, the chi-square test 
can be carried out; it is simple and quick to run, and although the 

How to Use Categorical 
Data
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resulting p-value will be an approximation, it should be a good 
approximation of the true p-value if the sample size is large enough. 
The expected count in each cell should be greater than 5 to reason-
ably approximate normality.

Time-to-event outcomes focus on the elapsed time before the 
events occur.

In our dataset, time-to-event data was typically analyzed by 
Kaplan–Meier curves and Cox proportional hazards. Some out-
come examples are time to fourth seizure, to first complex partial 
or generalized convulsive seizure, time to first seizure after SAH 
following hospital discharge, and time to treatment withdrawal.

Freedom from treatment failure was sometimes treated as both 
time-to-event data (e.g., time to failure, analyzed with Kaplan–
Meier curves), and sometimes dichotomized and treated as cate-
gorical data (e.g., freedom from treatment failure at a certain point 
in time, yes or no, analyzed with Fisher’s exact test and or chi-
square test [45, 53]).

Such data include the length of time during which no event was 
observed, and an indication of whether the period ended at the 
occurrence of an event, or just the end of the prespecified observa-
tion period [140]. Time-to-event data are often called survival 
data, as the event of interest is often death. However, any future 
outcome may be included, as seen in the examples above.

Time-to-event data are analyzed differently because the data 
are often censored, meaning that as we want to measure the time 
from a certain starting point (e.g., baseline) to some event (e.g., 
seizure or death), we will not necessarily have complete data (e.g., 
some patients will not have a seizure, some patients will still be 
alive). The starting point and the event must be clearly defined in 
advance, as each observation requires data on the time the subject 
was observed for, and whether the event occurred.

Typically, Kaplan–Meier curves are used to estimate the sur-
vival data, while Cox proportional hazards regression compares 
survival distributions and allows researchers to adjust for con-
founders and also to estimate the magnitude of effect of a factor. 
Thus, all available data are used.

If instead, you choose to select a specific time point and dichot-
omize the data (e.g., treatment failure, yes or no), you may have 
the challenges of selecting that time point, and how to deal with 
censored data before that time point (e.g., treatment failure before 
time “x”); however, this method will not introduce bias, and is a 
valid option.

Generalized estimating equations (GEEs) are utilized to extract 
the right amount of correlated data by using weighted combina-
tions of observations [141]. As you can see in Fig. 8, GEEs have 
been used multiple times in our dataset. The ability of GEEs to 

13.2.3 Time-to-Event 
Primary Outcome Data

How to Use Time-to-Event 
Data

13.2.4 Other Statistical 
Tests
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compare treatment groups while accounting for such variables as 
time, group-by-time interactions, age, AEDs, etc. can be useful for 
epilepsy clinical trials. GEEs were mostly used for continuous data, 
e.g., seizure frequency, or neuropsychological scores [107]. 
However, GEEs were sometimes used for categorical data, e.g., in 
Degiorgio et al. responder rates were compared within group and 
between groups by the GEE logistic model [106].

Some of the articles also reported using a Bonferroni correction 
for multiple comparisons, e.g., Glauser et al. [53]; some used vari-
ous forms of regression, e.g., logistic regression comparing country 
groups for categorical data (proportion of patients achieving seizure 
freedom for 26 weeks on stable medication dose) [50].

Please note some of the common statistical test terms that are 
used interchangeably: Wilcoxon test = Wilcoxon signed rank 
test = Wilcoxon signed rank sum test = Wilcoxon matched pairs 
test. Mann–Whitney U test = Wilcoxon rank sum test (which is for 
unmatched data). Cox proportional hazards regression analy-
sis = Cox proportional hazards model. Pearson’s chi-squared 
test = chi square test = X2. We classified all analyses of variance as 
ANOVA (whether ANOVA, ANCOVA, MANOVA, MANCOVA, 
or Kruskal–Wallis analysis of variance).

In a review on published RCTs in major medical journals, more 
than 10% of randomized patients may have had missing outcomes 
in half the trials [142].

Once randomized patients are excluded, analysis is not strictly 
ITT. The common approach of simply excluding patients without 
observed outcomes tends to reduce the sample size (and thus 
power) and may introduce bias, as described above. Yet, in order to 
include participants with missing outcomes in the analysis, their 
outcomes must be imputed (meaning that the other information 
collected will be used to estimate their likely outcomes). This helps 
in conforming to the ITT analysis, but the strong assumptions this 
approach requires may be hard to justify.

Sensitivity analyses help to explore the effects of departures 
from the assumptions used in the main analysis; all randomized 
patients should be accounted for. The main analysis should include 
a plausible assumption about missing data, and all observed data 
that are valid under such assumptions should be analyzed. Under 
ITT, it is also important to try to follow up on subjects who with-
drew from the study; this can be challenging, but may help identify 
differences between those who withdrew versus those who com-
pleted the study [143].

Once all possible data are included, imputing by “the last 
observation carried forward” (LOCF) method is typically seen as 
the alternative to handing missing data without omitting partici-
pants. For example, if a subject misses a visit, then the seizure fre-
quency from the last visit might be filled in for the missing visit. 

13.3 Missing Data
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This approach is typically seen as conservative, but in some settings 
can be biased in favor of a new treatment. White et al. gave an 
example of a trial on a novel drug for Alzheimer’s disease, where 
the analysis was criticized because it was seen to assume that dis-
ease progression was halted by loss to follow-up [143, 144]. 
Instead, they recommended to base primary analyses on the most 
plausible assumptions, and then to add conservatism by utilizing 
sensitivity analyses applied to departures from those assumptions.

In our dataset, six articles reported using LOCF, and two 
reported using multiple imputations for missing data (one was a 
single arm non-RCT [145]).

Another article reported using two approaches for responder 
rates and seizure freedom rates, one of which was the conservative 
approach where all discontinuations were considered treatment fail-
ures (irrespective of seizure status), and a nonconservative “LOCF-
like” approach where they counted discontinuations as either 
successes or failures, based on seizure count before dropout [72].

Other articles did not use imputations or LOCF, but only used 
the “worst case scenario analysis” where subjects with missing data 
(e.g., postseizure data [46, 48]) were considered nonresponders; 
or, in the case of Sharma et al., they treated the diet and control 
groups differently, such that children with missing outcome data 
were considered to have 0% seizure reduction if in the diet group, 
and 100% seizure control if in the control group (worst and best 
case scenario respectively) [110]. Chhuhn et al. classified as nonre-
sponders all subjects lost to follow-up, those with lack of efficacy, 
with adverse events and with protocol deviations [54].

However, most articles did not report on missing data at all. It 
is always useful to plan ahead how to deal with missing data and to 
report on it (at least in supplementary material). While it is mainly 
important for the ITT analysis, it is also useful for other analyses, 
and for the overall transparency and reproducibility of your trial. 
The longer the trial the greater the likelihood for missing data, 
dropouts, etc., but likewise an intervention’s beneficial effects or 
complications may take weeks, months or longer to be seen (e.g., 
the beneficial effects of radiosurgery may take more than 6 months 
to develop [98]). If you take a conservative approach and consider 
all those with missing data as nonresponders, you might still cor-
rectly evaluate the efficacy of an intervention, but if you are look-
ing for small differences between study populations, then a more 
sensitive approach may work better.

Note that in practice, clinicians often do not have access to all 
necessary or useful data prior to making clinical decisions. In clini-
cal trials, it is important to keep records of missing data and with-
drawals from the study before and after randomization, as well as 
the reasons behind their absence. Such data can have real implica-
tions for the usability and efficacy of interventions, as well as for 
the design of future studies.

Mirret M. El-Hagrassy et al.
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As discussed above in Sect. 12, the vast majority of articles did not 
report on protocol adherence, nor did they provide sufficient data 
allowing readers to make that determination. However, some arti-
cles did report on common causes of nonadherence within their 
particular trial, e.g., randomized participants who did not meet 
inclusion criteria, did not take the intended treatment, or not all of 
it, etc.

Some authors reported on PP analyses (where participants 
inadequately adhering to protocol are excluded) without 
ITT. However, PP analyses should be labeled as nonrandomized, 
observational comparisons, and it should be understood that such 
patient exclusion compromises randomization and leads to a risk of 
bias in outcomes. The CONSORT checklist requires a clear 
description of who was included in each analysis [146]. See Sect. 
13.1 for more information on ITT and when to use PP analyses.

Subgroup analyses should not be confused with sensitivity analy-
ses. In subgroup analyses, there are estimates produced for each 
subgroup, and statistical comparisons are formally made for the 
subgroups. Sensitivity analyses (while they may analyze only a sub-
set of the whole) do not try to estimate intervention effects in 
studies removed from the analysis, and only informally compare 
different ways of estimating the same thing. Sensitivity analyses 
ask, to quote from the Cochrane Handbook for Systematic Reviews 
of Interventions, “Are the findings robust to the decisions made in 
the process of obtaining them?” [147]

In our dataset, 55 articles reported using post hoc or subgroup 
analyses. For example, Fisher et al. used both prespecified and post 
hoc subgroup analyses of subjects with previous VNS or resective 
surgeries [101]. Glauser et al. used post hoc analyses to compare 
drug concentrations of treatment failures and successes within 
treatment groups [21]. Meanwhile, Brodie et al. used prespecified 
subgroup analyses of the primary outcomes stratified by geographic 
region (this was a multicenter trial across 71 centers internation-
ally) and baseline seizure frequency; they also calculated numbers 
needed to treat (NNTs) post hoc [46]. Other subgroup analyses 
included age, sex, epilepsy type, etiology, duration, etc. Some arti-
cles reported using descriptive subgroup analyses, e.g., comparing 
the response to RNS in MTLE vs. nonMTLE subjects [8].

Subgroup analyses are helpful in identifying differences and 
confounders, and their selection will vary depending on the type of 
trial and its aims.

To conclude, proper statistical planning is essential when 
designing a clinical trial, and it begins with appropriate outcome 
data selection. Without proper planning, the study has a higher risk 
of failure or limited clinical utility, and the accompanying waste of 
money, time and effort.

13.4 Nonadherence 
to Protocol

13.5 Subgroup 
Analysis
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14 Limitations

CONSORT guidelines recommend that researchers discuss the 
weaknesses of their studies, such as possible biases or imprecision 
in the results. Additionally, it is important to discuss possible methods 
to overcome these limitations.

In our dataset, 29 articles did not report their limitations. Of 
those articles, 22 (76%) had positive results for their primary out-
comes versus 4 (14%) that did not. On the other hand, 52/71 
(73%) of the articles reporting trial limitations also had positive 
results. Therefore, there was no clear association between report-
ing limitations and trial results.

Most of the articles (n = 44) reported on the limitation of small 
sample size and lack of statistical power, particularly due to difficul-
ties during recruitment (Table 15). For example, Engel et al. ran a 
RCT with a sample size of 38 participants instead of the planned 
200 (that had been based on the sample size calculation). The trial 
was discontinued on recommendation of the data and safety moni-
toring board (DSMB), due to lack of feasibility in recruitment. 
This study aimed to verify if surgery soon after the failure of two 
AED trials was superior to continued medical management in con-
trolling seizures and improving quality of life (QOL). The eligible 
participants were male or female, 12 years of age or older, with 
mesial temporal lobe epilepsy and disabling seizures persisting for 
no more than 2 years after failure of adequate trials of two AEDs. 
Although resective surgery plus AED treatment resulted in a lower 
probability of seizures during the second year of follow-up, the 
small sample does not allow definitive conclusions about group 
differences [102].

On the other hand, Wagner et al.’s pediatric study did not find 
a significant improvement on many outcome measures, probably 
due to the small sample size and weak statistical power. This study 
aimed to evaluate the effectiveness of the COPE program with 
regard to its ability to improve attitudes toward illness, parental 
distress, parents’ self-efficacy in managing their children’s seizures, 
and other coping skills. The authors revealed that the enrollment 
was much lower than expected, not representing the time and 
effort spent on recruitment. They listed the following difficulties 
encountered: (1) scheduling conflicts; (2) availability of families 
and ability to travel to the intervention; (3) mild behavioral and/
or emotional concerns; and (4) limited contact with epilepsy 
research [145].

Other major limitation of epilepsy trials was selection bias, lack of 
generalization or ecological validity. For example, Brodie et al. 
reported the limitation of having highly selected participants [46]. 

14.1 Examples 
of the Main 
Limitations

14.1.1 Small Sample 
Size and Lack of Statistical 
Power

14.1.2 Selection Bias/
Lack of Generalization or 
Ecological Validity
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Krueger et al. reported that participants could have been uninten-
tionally selected with (an undetermined) favorable advantage to 
respond to everolimus treatment [44].

Eighteen articles reported absence of blinding as a limitation. For 
example, in Engel et al. the main outcomes (i.e., seizures and 
QOL) were reported by participants who could not be blinded to 
whether they had received surgery or not. The researchers had 
tried to minimize biases by including a blind committee to assess 

14.1.3 Nonblinded

Table 15 
Study limitations

Limitation N

Small sample size and weak statistical power 44

Selection bias/lack of generalization or ecological validity 18

Nonblinded 18

Short or no follow-up 11

Lack of placebo or control group 11

Nonrandomization 8

Sample heterogeneity (especially regarding type of seizure) 7

Subjective reporting 6

Dropout rate and adherence problems 5

Baseline differences between groups 4

Inaccuracy in reporting nocturnal seizure frequency based on recall 2

Dosage characteristics (low, fixed, or flexible) 3

Difficulty in identifying seizure onset/cessation 2

Lack of randomization 2

Retrospective study 2

Difference in intervention administration by parents or different 
centers

2

Retrospective study 2

Study observational 1

Informative censuring 1

High placebo response 1

Single center 1

Protocol violation 1

Practice effect from repeated neuropsychological assessment 1
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whether events (from participant diaries) should be classified as 
epileptic, and to monitor the appropriateness of pharmacotherapy 
for each participant [102].

Holsti et al. reported unblinding as a chief limitation of their 
study. The study aimed to compare intranasal midazolam with rec-
tal diazepam for home treatment of seizures in children with epi-
lepsy. To incorporate blinding, it would have been necessary to use 
a double-dummy design in which the caretakers would have to 
give both treatment and placebo to their children during the sei-
zure—one would be intranasal, and the other rectal. The authors 
did not think caretakers would find this acceptable, so they opted 
for the nonblind design instead [103].

Several articles reported short or no follow-ups (n = 11) and lack 
of placebo or control groups (n = 11) as limitations.

Wechsler et al. conducted a historical-control study to evaluate 
the efficacy and safety of conversion to lacosamide monotherapy in 
adults with focal epilepsy. The choice was based on the Food and 
Drug Administration (FDA) recommendation that monotherapy 
trials compare AEDs to historical-control groups instead of low-
dose active control groups. One limitation the authors reported 
was that the study duration was relatively short compared to actual 
clinical practice. Another limitation was the AED differences 
between the treated group and the historical control. By the time 
patients were treated there was a greater variety of AEDs compared 
to the time of historical-control studies. For instance, the use of 
carbamazepine was lower in the treated group than in historical-
control studies [59].

Ryvlin et al. had a shorter follow-up duration than initially 
planned, consequent to a low enrollment rate that led to early 
study termination by the sponsor [112].

In Elkhayat et al. the control group was composed of healthy 
controls that did not receive melatonin, unlike the intervention 
group. Therefore, there is no way to know if the observed decrease 
in seizure severity may have been due to placebo effect [51].

Other limitations reported include nonrandomized design (n = 8) 
(e.g., Klein et al., Stefan et al. [77, 78]); sample heterogeneity 
(n = 7) (e.g., Bochynska et al., McLaughlin et al. [43, 111]); sub-
jective data provided by self or parental report (n = 6) (e.g., Raju 
et al., Sharma et al. [110, 114]); high dropout rate and low adher-
ence (n = 3) (e.g., Lazzari et al., Tonekaboni et al. [73, 92]); 
potential group differences in demographic/medical variables at 
baseline (n = 3) (e.g., Guerrini et al., Modi et al. [60, 85]); inac-
curacy in reporting nocturnal seizures and their frequency based 
on recall (n = 2) (e.g., Carrion et al., Sharma et al. [110, 113]); 
characteristics of drug dosage—low, fixed, or flexible (n = 3) (e.g., 
Cho et al., Brodie et al. [38, 46]); difficulty in identifying seizure 

14.1.4 Short or No 
Follow-Up and Lack 
of Placebo/Control Group

14.1.5 Other Limitations
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onset/cessation (n = 2) (e.g., Biton et al., Holsti et al. [61, 103]); 
retrospective study (n = 2) (e.g., Miranda et al., Carrion et al. 
[109, 113]); differences in intervention administration by parents 
or different centers (n = 2) (e.g., Holsti et al., McLachlan et al. 
[103, 111]); observational characteristic of the study (n = 1) 
(Werhahn et al. [70]); informative censuring (n = 1) (Ramsay et al. 
[65]); high placebo response (n = 1) (Guerrini et al. [64]); single 
center study (n = 1) (Modi et al. [85]); protocol violation (n = 1) 
(Borggraefe et al. [37]) and practice effect from repeated neuro-
psychological assessment (n = 1) (Oh et al. [80]).

All trials have limitations. When designing your trial, make sure 
that the anticipated limitations do not negatively affect your trial’s 
internal validity (a priority), and external validity as well.

An important take home message is the necessity to invest in 
recruitment strategies. First, researchers should make sure that the 
inclusion/exclusion criteria are not too restrictive (to ensure the 
internal and external validity of the trial). Second, it is important to 
carefully consider the available budget in terms of what is feasible. 
Third, it is important to monitor enrollment progress and to iden-
tify measures to take during the trial if recruitment is low. Simple 
steps may improve recruitment (e.g., calling participants, identify-
ing favorable appointment times, sending appointment reminders, 
helping with transport, etc.). Finally, researchers should know their 
IRB regulations, including the typical turnover times or time to 
approval, and strategize recruitment efforts accordingly.

15 Conclusions

On reviewing the top 100 cited (and some of the most impactful) 
articles on interventional clinical trials in epilepsy, we demonstrate 
some of the challenges arising from investigating this population.

We highlight some important points to remember when 
designing an interventional clinical trial in epilepsy:

●● Your research question is key.
●● Careful design is critical to the internal and external validity of 

your trial.
●● Choice of design will depend on the existing literature, your 

study population, experience, resources, and collaborations. 
Study setting is also important.

●● Your inclusion and exclusion criteria should be optimized in 
advance, depending on whom you intend to study, with an eye 
on external validity and recruitment.

●● There are many potential interventions, and the field is 
expanding. Ethical considerations and resources are some of 
the bigger challenges.

14.1.6 Conclusion 
of Limitation Section
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●● Choose the best outcome(s) to answer your research question, 
and decide on the best ways to collect and analyze this data.

●● Calculate your sample size in advance, including allowances for 
potential dropouts.

●● In RCTs, randomization should not be undermined.
●● Always perform allocation concealment. Blinding should be 

implemented when and where possible.
●● Adherence to the protocol can be a challenge, particularly with 

longer study durations. However, you can implement mea-
sures to maximize adherence.

●● Know when to ask for help and/or collaboration.

A final note: when designing a clinical trial, keep in mind that 
it is quite possible to obtain statistical significance without clinical 
relevance. However, a clinically relevant result that is underpow-
ered may lead to another trial, and the question may get answered 
in the end. Additionally, when designing your trial, aim to reduce 
biases as well as the perception of them; so take what measures you 
can, but understand that in some scenarios it may not be possible 
to remove the limitations, so at least try to minimize them. We 
hope this chapter will help guide you in your mission of designing 
an epilepsy trial.
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Chapter 14

Future of Clinical Trials in Neurology

Beatriz Teixeira Costa, Isadora Santos Ferreira, and Felipe Fregni

Abstract

This chapter discusses the main challenges of the 12 conditions reviewed in this book according to the 100 
most cited clinical trials in each of these conditions, with the aim of providing future perspectives for 
the development of high-quality clinical trials in neurology. Therefore, the limitations of the studies are 
discussed, possible solutions as well as the areas in which research is still needed. For this purpose, relevant 
practices in these clinical trials are analyzed and suggestions are made for the improvement on the design 
and conduction of further clinical studies in the field.

Key words Limitations, Future perspectives, Study design, Review, Clinical trial

1 Introduction

Developing a feasible and high-quality trial requires several skills as 
well as specific expertise, including critical thinking and scientific 
knowledge. After reviewing innumerous clinical trials of different 
conditions, it is reasonable to state that conducting research is a 
both challenging and demanding task. However, although investi-
gators may face limitations and unanticipated drawbacks, it is 
undeniable how important and fundamental the emergence of new 
clinical trials is, regardless of the neurological condition. By follow-
ing guidelines and addressing all the elements previously men-
tioned in all the chapters, researchers are able to improve scientific 
evidence, consequently transforming clinical practice.

Overall, all the chapters reported and discussed the main chal-
lenges and limitations involved with each neurological condition 
addressed in this book. Among them, the most common limitation 
was the lack of reporting. Several authors did not describe with all 
the necessary details or even failed to describe completely funda-
mental aspects which influence the interpretation of the final 
results.

Another limitation highly mentioned in several studies was the 
small sample size, which could be a result of different factors. 
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One of them is the difficulty in recruiting patients. A considerable 
amount of studies related to different conditions mention that 
recruitment is a main concern as, even though patients often have 
the condition, they do not always meet all the inclusion or exclu-
sion criteria. This leads to the issue of either investigators thinking 
in new ways to enhance recruitment, including multicenter trials, 
or in novel methods such as development of markers that would 
make small sample size studies valid. Also, due to the complexity of 
neurological conditions, there usually is a high dropout rate which 
end up affecting the final sample. Hence, knowing the characteris-
tics of the target population as well as properly defining the inclu-
sion and exclusion criteria, not too restringing or too broad, must 
be one of the primary aspects to consider when starting a trial.

In spite of the different challenges involved with any trial, the 
perspectives for future studies in the neurological field are still very 
positive. The will to improve health care in conjunction with dis-
covering alternative therapies which may be more effective keep 
encouraging researchers to overcome these challenges and develop 
novel scientific evidence. Whether it is a phase I, II, or III trial, 
investigators are increasingly taking a step forward into improving 
patient’s quality of life. Indeed, more studies are still necessary; 
however, clinical research seems to be advancing in a promising 
direction. Below we discuss the main areas for future development 
in this field for each condition analyzed in this book.

2 Stroke

The most mentioned limitation in stroke trials was a small sample 
size. This was possibly related to difficulties in recruiting patients 
who had a stroke, as they are usually seniors, with multiple comor-
bidities and unstable health condition. Also, inclusion criteria 
sometimes restrict the available sample. The investigator needs 
then to carefully consider when designing the eligibility criteria for 
a given trial (see Chap. 2 for an extended discussion on this topic). 
Indeed, recruitment is one of the biggest challenges faced by inves-
tigators conducting stroke trials, which frequently restricts the 
advance of clinical research in this field. Also, as the stroke popula-
tion is highly heterogeneous, a limited external validity is another 
issue these trials must address in the future; however, for early tri-
als, external validity should not be the main goal. Interestingly, the 
studies of this review mostly included male patients, which shows 
the need for using broader inclusion criteria and balance the ran-
domization process in upcoming trials.

Another important challenge mentioned in multiple stroke tri-
als was the limitation of assessment instruments, as several of them 
do not address all the necessary information for a proper  evaluation 
of clinical outcomes. For instance, few scales mostly assess motor 
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function aspects, while other instruments focus on speech recovery 
or different neurological characteristics. Therefore, in order to cor-
rectly measure study endpoints and consequently generate useful 
conclusions, it is fundamental that investigators become familiar-
ized with the existing types of scales and choose the one that best 
fits the study design.

Contemplating future perspectives, the development of stroke 
clinical trials, specifically focused on innovative therapeutic meth-
ods, is imperative for advancing the field and improving patients’ 
quality of life. Indeed, future studies must be well planned in order 
to prevent major issues regarding recruitment, participants’ adher-
ence, and study’s external validity. Furthermore, we encourage 
clinical investigators to identify which features in stroke health care 
is a priority to be explored, with the goal of creating promising 
research questions, thus positively impacting the field.

3 Disorders of Consciousness

In clinical trials involved with disorders of consciousness some 
important aspects are noteworthy to be discussed. In addition to the 
lack of reporting, the small sample size was a concerning limitation, 
followed by a heterogeneity in sample distribution. The number of 
trials which reported either blinding issues or a lack of follow-up to 
assess the long-term effect of the treatment although was small and 
not highly frequent; these are important considerations to be 
addressed. The assessment of long-term effects as well as assuring 
adequate blinding procedures for the assessors is crucial to ensure 
patient’s safety and minimize the risk of bias, respectively. Also, as 
subjects’ awareness and vigilance are compromised to various extents 
in DOC trials; family members, caregivers and/or the assessors are 
usually blinded to the intervention, which results in ethical and 
methodological concerns. According to this review, 1-, 3-, and 
6-month follow-ups are recommended as the ideal time points.

Hence, for future studies in this field, as most trials were paral-
lel, phase II, single-center drug trials, it is important to develop 
new phase III trials as well as multicenter trials in order to test the 
alternative drugs in a broader and more heterogeneous popula-
tion. In fact, there is an unmet clinical need to confirming results 
of phase II to change clinical practice in DOC care.

4 Traumatic Brain Injury

Research studies conducted in traumatic brain injury (TBI) 
have shown promising results for advancing the field, although 
investigators still need to overcome numerous limitations. From 
this review, it became clear that a lack of blinding and random-
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ization was frequent in several clinical trials in TBI, although 
most of them corresponded to phase II and pivotal trials. This 
significant limitation shows that a large number of these trials 
fail to control for confounders and are vulnerable to different 
types of biases, such as measurement and performance bias. 
Also, the majority of TBI studies did not work with any covari-
ate adjustment, which could lead to unreliable results. The lack 
of reporting missing data imputation methods was another limi-
tation in TBI trials, which shows that research methodology 
guidelines need to be better explored and complied in future 
trials. In fact, as compared to other neurological areas, TBI tri-
als still show less robustness in their methodology. This could 
be seen at the same time as a limitation and an opportunity to 
change this field.

In order to successfully advance knowledge on TBI and improve 
medical care in this field, innovative research projects are being 
developed. For instance, the National Institute of Neurological 
Disorders and Stroke (NINDS) supports preclinical and clinical 
research on TBI, also in collaboration with international institutes, 
with the main goal of making progress on treatment and care in this 
field. Additionally, for this purpose, it is evident that future clinical 
trials need not only to address the main limitations of previous stud-
ies, but also to go beyond the already explored diagnostic/thera-
peutic methods and bring innovation to research studies in 
TBI. Also, deeply exploring different populations with TBI, such as 
pediatric and senior patients, is another possible area for researchers 
aiming to generate novel initiatives in the field.

5 Parkinson’s Disease

Alike stroke trials and the ones related to disorders of conscious-
ness, the most frequent reported limitation was the sample size, 
followed by the duration of follow-ups. However, differently from 
the trials related to disorders of consciousness which did not have 
enough follow-ups, clinical trials of Parkinson’s disease reported 
extensive follow-up visits. These extensive follow-ups may lead to 
potential limitations, especially attrition bias. As a result, systematic 
differences between the groups from a study can be noticed. Other 
common limitations were also reported, such as blinding and 
restrictive inclusion/exclusion criteria.

Besides clinical outcomes, future studies in this field should 
focus on the search for biomarkers, especially those from neuroim-
aging, as surrogate endpoints are often easier to be investigated 
and they require less resources and time investment. In addition, 
incorporating innovative designs such as adaptive and delayed-start 
design may generate benefits toward research in this field. Finally, 
the use of new outcome-measuring tools such as Internet-based 
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applications should be encouraged as this may facilitate adherence 
and the recruitment of patients.

6 Dystonia

As noticed in other neurological disorders, clinical investigators in 
dystonia often fail to report the limitations of clinical trials, as well 
as the main strategies applied to overcome them. The lack of statis-
tical power due to small sample size was one of the main issues 
mentioned in the manuscripts, which may be justified by the diffi-
culty for recruiting patients with different levels of disease severity 
and given the prevalence of dystonia is lower than other disorders 
such as stroke. Also, ethical aspects related to the use of placebo in 
clinical research may often compromise the development of large 
trials in this field. Another limitation reported in a few studies was 
the variability within patients with dystonia as they have different 
clinical presentations, which may directly affect study internal 
validity if randomization and allocation concealment is not 
performed.

Sample size calculation and study design are indeed critical 
determinants of a successful clinical trial. By overcoming these 
main limitations, researchers will certainly develop successful trials 
for improving clinical practice and ensuring that patients will have 
access to the best available health care. Although the research field 
in dystonia has advanced over the past 30 years, there are still mul-
tiple aspects of disease management to explore. In order to accom-
plish that, different organizations, such as the Dystonia Medical 
Research Foundation, are applying significant efforts on cultivat-
ing clinical trials, which will enhance effectiveness of dystonia diag-
nostic and therapeutic tools [1].

7 Meningitis

Meningitis is still a major concern of health care authorities due to 
its life-threatening characteristics, especially bacterial meningitis. 
Thus, the development of innovative clinical trials is fundamental 
for enhancing this field. In this chapter, it could be noticed that a 
meaningful limitation of most research studies in meningitis was 
the lack of blinding methods and allocation concealment. Although 
these components are not indispensable in clinical trials, this limi-
tation may have added biases to the results of some of these trials. 
Hence, an important task for future investigators in meningitis is 
to pursue better methods of blinding, randomization and alloca-
tion concealment while designing new studies. With these compo-
nents ensured in the trials, fairly comparisons of experimental 
groups can be performed, and reliable conclusion may be done.
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As observed in different neurological diseases, small sample 
size was also an issue mentioned in most meningitis manuscripts. 
The main issue with a sample size smaller than expected is the lack 
of statistical power and consequently an increase in the probability 
of type II error. An ideal strategy to address this issue in future tri-
als is to properly know the target population, as well as the acces-
sible and study population. By assuring this, researchers are able to 
create useful approaches for recruiting enough participants and 
enhancing patients’ adherence.

8 Multiple Sclerosis

The most common limitations such as a small sample size and lack 
of reporting were also noticed in multiple sclerosis trials. However, 
some particular challenges were also noticed. Besides referring to a 
small sample size, several studies reported an attrition rate higher 
than expected in conjunction with a low recruitment yield. In 
addition, many outcomes were based on self-reported quality of 
life scales, which imposes a limitation about the variability of the 
results.

In contrast with the conditions that report high heterogeneity 
of the population, multiple sclerosis trials described the population 
as being often too homogenous, thus not representing the diver-
sity of the general population. Although a more homogeneous 
population is expected in phase II trials, this may lead to a lack of 
external validity in phase III trials. Here, the investigator needs to 
consider how different may be the results in another sample of 
multiple sclerosis with other characteristics.

Therefore, future studies should aim in finding a balance 
between the characteristics of the final sample, consequently apply-
ing efficient inclusion/exclusion criteria in order to truly test the 
effects of the chosen intervention, not harming the external valid-
ity of the trial. Also, by improving self-reported scales, investiga-
tors would be able to gather more information and better analyze 
chosen outcomes.

9 Alzheimer’s Disease

In regard to Alzheimer’s disease trials, the main limitations were 
related to the difficulty and subjectivity of the diagnosis as well as 
the assessment and applicability of cognitive tests. As the symptoms 
related with Alzheimer’s disease involve cognitive impairment, 
memory deficits mood swings and symptoms which might be simi-
lar to other conditions, providing an effective diagnosis and testing 
alternative interventions is definitely not an easy task.
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Therefore, in order to ensure patient’s safety, it is fundamental 
that investigators choose wisely how to measure outcomes and 
whether the intervention being tested is actually safe. One sugges-
tion is the use of biomarkers both as diagnostic and surrogate 
markers. The current markers have not shown great correlation 
with clinical outcome; thus, this is a critical area of development to 
make Alzheimer’s trials more feasible and efficient.

Additionally, once the data on safety and efficacy is gathered, 
the development of multicenter trials is suggested as to recruit 
demographically diverse individuals and enhance the generalizabil-
ity of the results.

10 Tumors of the Central Nervous System

Unlike other conditions, clinical trials of brain tumors reported the 
lack of previous studies which the results could be compared to as 
one of the main limitations. Consequently, it is difficult for 
researchers to develop new trials, especially those in phase III and 
IV.  In addition, these clinical trials also reported the limitations 
that were previously mentioned in other neurological conditions, 
such as small sample size, a short follow up period, as well as a 
heterogeneity among groups, which particularly in brain tumors 
trials, may lead to confounders and possible bias.

Another important limitation worth mentioning was the het-
erogeneity of recurrent brain tumors, especially meningiomas and 
glioblastomas. This aspect has a fundamental importance when it 
comes to conducting a trial and defining the initial steps because of 
how this may affect the patient’s response to the intervention.

Therefore, future investigators should aim on the development 
of new clinical trials which are able to investigate alternative thera-
pies, taking into account the variability of patient’s responses to each 
drug and how brain tumors behave. Consequently, future research-
ers may need to take one step back to further understand the differ-
ences across patients with these tumors as to use this knowledge in 
designing more efficient clinical trials and hopefully obtain the 
approval of drugs that have a significant impact in this field.

11 Spinal Cord Injury

Besides the commonly reported limitations such as difficulties in 
recruiting patients, the lack of reporting vital information and 
heterogeneity of the population, spinal cord injury clinical trials 
also reported a short duration of the intervention. This aspect was 
mainly highlighted by four trials, in which they mentioned that 
longer trials with also a longer intervention period would provide 
stronger results. As a result, it is possible to question whether 
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those trials have truly investigated the effects of the therapy being 
tested.

In addition to those limitations, it was noticed in spinal cord 
injury clinical trials some particular challenges. For instance, a large 
number of dropouts, a population to which the results could not 
be generalized in the future and large differences between control 
and intervention group were too high. The last challenge, specifi-
cally, is extremely concerning as the results obtained in this trial 
might be due to the discrepancy between interventional and con-
trol group and not because of the intervention itself, thus resulting 
in type I and/or II error.

Hence, future trials must consider all these limitations by over-
coming them and consequently improving the way that research is 
being conducted in this field. Although there are several challenges 
involving spinal cord injury, there seems to have an increase in trials 
published in this field as well as the impact of these publications.

12 Peripheral Neuropathy

In spite of the challenges already mentioned above such as a small 
sample size and the lack of blinding, there is one important limita-
tion related not only to the development of peripheral neuropathy 
trials, but to the lack of standard established treatments for this 
condition regardless of the etiology.

As a result, clinicians and researchers are constantly trying to 
relief patient’s symptoms and develop an effective therapy. Given 
this stage of clinical development for this condition, it is critical to 
design clinical trials that are also mechanistic as to understand fur-
ther the mechanisms of peripheral neuropathy as well as potential 
treatments. Indeed, when there is a lack of mechanistic data on the 
disease and the intervention the chances of success are smaller [2].

A field that is being widely explored and should be the aim of 
future discussions is neuromodulation therapy, particularly the 
combination of this intervention with behavioral therapies as well 
as therapies with visual-augmented reality through the contribu-
tion of technology. Since patients often do not respond to medica-
tions in the same way and peripheral approaches are not always 
effective enough, investigators are looking for different alternatives 
such as the use of electrical stimulation which have shown positive 
results in other conditions.

Therefore, although there are still several aspects to be eluci-
dated in terms of the neurophysiologic elements involving this 
condition as well as the effects of these new therapies, researchers 
should not only design strong clinical trials but also strong mecha-
nistic trials as to find better and novel treatments for this 
condition.
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13 Final remarks

The art of clinical research is understanding the current level of 
science and finding the best tools to answer important clinical 
questions. The pathway to adding knowledge to this field is not an 
easy one but is certainly rewarding. The new investigator needs to 
understand that clinical research is not only about randomizing 
two groups of patients to receive drug A and B. There is much 
more to that. A clinical trial should be informative regardless of its 
results (positive or negative). When a negative clinical trial is not 
published because results are “not interesting,” this means that the 
clinical trial was not properly designed and indeed it resulted in a 
waste of time and resources. Finally, a clinical trial is a costly ven-
ture and therefore appropriate training and time during the design 
phases are necessary in order to maximize their gains. We hope this 
book, besides providing a basic guide to the investigator, also pro-
vides important insights that are specific to trials in neurological 
disorders. We look forward to reading future contributions from 
the readers of this book.
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