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Foreword

Neurologic emergencies are not only some of the most common conditions seen 
in the emergency department, but are also among the most devastating conditions 
that we treat. The toll of severe neurological conditions not only involves life or 
death but also impacts the lives of its victims even more profoundly. The long- 
term sequelae from neurological emergencies include paralysis, loss of sensation, 
loss of intellectual capacity, and personality change, all of which can be often life 
changing.

Between 5 and 8% of all patients seen in emergency departments across the 
United States will have neurological issues. These conditions range from neu-
rotrauma such as traumatic brain and spinal cord injury to ischemic and hemor-
rhagic stroke, status epilepticus, central nervous system infections, anoxic brain 
injury, headache, and others. These conditions have a very high burden of dis-
ease. Acute ischemic stroke affects about 200/100,000 people in the United 
States and has a mortality of 15–17% at 30  days. Intracerebral hemorrhage 
affects about 15/100,000 people but has a mortality rate as high as 50% at 30 
days. Status epilepticus affects 40/100,000 people in the United States with a 
mortality rate of 22% at 30 days and subarachnoid hemorrhage affects 6/100,000 
people with a mortality of 50% at 30 days. Not only are these diseases devastat-
ing in terms of death and disability, but the healthcare costs from these condi-
tions are enormous.

For many neurological emergencies, patient outcomes can be significantly 
affected by rapid recognition and appropriate treatment. Ischemic stroke outcomes 
have been profoundly affected by the use of intravenous thrombolytic agents and 
recently by the effective use of endovascular treatment for large vessel occlusions. 
Outcomes from status epilepticus are improved by rapid cessation of seizures with 
appropriate antiepileptic drugs. We also know that prompt recognition and effective 
treatment of hypoxia and hypotension can have profound impacts on the outcome of 
patients with traumatic brain and spinal cord injury.

For these reasons, it is implicit that all emergency physicians have appropriate 
knowledge and training in recognition and treatment of neurological emergencies. 
Latha Ganti, M.D., M.S., M.B.A., and Josh Goldstein, M.D., Ph.D., have put 
together this outstanding book on Neurological Emergencies to address this need. 
The book has been structured to cover the broad landscape of neurological emer-
gencies and provide the essential keys to rapid recognition and diagnosis. Drs. Ganti 



viii

and Goldstein are notable experts in neurological emergencies and they have 
recruited an outstanding list of authors to put this book together.

I am hopeful that this text will help emergency physicians to better recognize and 
treat neurological emergencies and lead to better patient outcomes.

William Barsan MD, 
Professor of Emergency Medicine 

University of Michigan
Ann Arbor, MI, USA  

Foreword
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Disclaimer

The American College of Emergency Physicians (ACEP) makes every effort to 
ensure that contributors to its publications are knowledgeable subject matter experts. 
Readers are nevertheless advised that the statements and opinions expressed in this 
publication are provided as the contributors’ recommendations at the time of publi-
cation and should not be construed as official College policy. ACEP recognizes the 
complexity of emergency medicine and makes no representation that this publica-
tion serves as an authoritative resource for the prevention, diagnosis, treatment, or 
intervention for any medical condition, nor should it be the basis for the definition 
of, or standard of care that should be practiced by all health care providers at any 
particular time or place. To the fullest extent permitted by law, and without limita-
tion, ACEP expressly disclaims all liability for errors or omissions contained within 
this publication, and for damages of any kind or nature, arising out of use, reference 
to, reliance on, or performance of such information.
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1The Fast and Focused Neurological 
Examination

Matthew S. Siket

 Introduction

The neurological examination in the emergency department (ED) should be targeted 
and focused yet thorough and sensitive enough to detect subtle but meaningful 
abnormalities. Ideally, the components of the neurological exam for any given ED 
patient should be structured after an interview to gather historical information 
including the history of present illness, review of systems, as well as past medical, 
family, and social histories. Realistically, however, in today’s world of acute stroke 
metrics including door-to-CT and door-to-TPA times, with many institutions 
(including my own) embracing a “direct-to-CT” clinical pathway, the time that an 
ED provider spends with his/her hands on a patient with an acute neurologic com-
plaint may be very limited before important and time-sensitive decisions must be 
made. This chapter will focus on structuring a proper encompassing yet efficient 
neurological exam to be used and relied on by the ED provider when minutes and 
seconds count for the patient with an acute and undifferentiated neurologic 
emergency.

 Basic Principles

All ED providers should be comfortable performing a neurological examination, as 
invariably it will be performed several times each shift. According to the National 
Hospital Ambulatory Medical Care Survey, 9.4 million CT scans of the brain were 
obtained in US EDs in 2013, which is approximately 7% of all ED visits [1]. 
Moreover, there were 4 million ED visits each for headache and head/neck trauma, 

https://doi.org/10.1007/978-3-319-64523-0_1
mailto:Matthew_Siket@brown.edu
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1.3 million visits for vertebral/spinal trauma, and over 400,000 visits for dizziness 
in patients aged 65 and over. Despite the need for careful neurological assessment 
in these patients, a complete and encompassing neurological examination (as 
would be performed in a neurologist’s office) would be inefficient and practically 
impossible given competing time-sensitive demands in the ED setting. Therefore, 
it is best for the ED clinician to divide the emergent neurological exam into two 
components: the focused component, which is built around the patient’s complaint 
and historical data, and the screening component, which assesses for additional 
focal and localizing neurologic deficits in the remaining parts of the nervous sys-
tem [2]. The focused component should be largely individualized and built on a 
foundation of basic understanding of neuroanatomy. The screening component can 
be more standardized but should be more comprehensive in patients with poten-
tially neurological causes of acute illness than for those with clearly non-neuro-
logic complaints. For example, one should not be expected to detect a homonymous 
quadrantopia in an otherwise healthy patient presenting with dysuria, whereas it 
would similarly be inappropriate to document the extent of a neurological exam as 
“no gross abnormalities” in a patient presenting with headache, dizziness, or weak-
ness. A list of the most common neurologic complaints encountered in the ED is 
found in Table 1.1.

 Initial Assessment

In certain instances when time-critical decisions must be made, the initial neuro-
logical exam may consist of a brief screen to inform downstream processes, such as 
the activation of a stroke team, the acquisition of emergent neuroimaging, and of 
course in securing an airway in patients who have lost protective reflexes. In these 
cases, review of vital signs and a very brief assessment of neurological function are 
initiated prior to a comprehensive patient interview. For example, in patients with 
suspected head injury and/or decreased level of consciousness, the initial patient 
evaluation should assess the airway, breathing, and circulation (ABCs) followed by 
level of consciousness, typically using the Glasgow Coma Scale (Table  1.2). In 
patients suspected of experiencing an acute ischemic stroke, the Face, Arm, Speech, 

Table 1.1 Common chief 
complaints of neurological 
emergencies

Chief complaint

Weakness (focal or generalized)
Headache
Dizziness/vertigo
Seizure
Confusion/altered mental status
Numbness/paresthesias
Neck/back pain
Vision change
Slurred speech
Head injury

M.S. Siket
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Time (FAST) assessment or severity scale such as the Los Angeles Motor Scale 
(LAMS) may be performed in the prehospital environment or upon initial contact 
with emergency personnel. A more encompassing list of prehospital stroke scales is 
listed in Table  1.3. The National Institutes of Health Stroke Scale (NIHSS) is a 
widely used tool for measuring neurologic deficits in a reproducible way, and in the 
United States, documentation of an NIHSS from the initial provider assessment in 
all ischemic stroke patients is expected in all certified stroke centers. This 11-item 
scale (Table 1.4) was designed to take 7 min to complete but in reality can be per-
formed in a fraction of that time. Certification is encouraged but not mandated per 

Table 1.2 The Glasgow 
Coma Scale [13]

Activity Score
Eye opening 1–4
  None 1
  To pain 2
  To speech 3
  Spontaneous 4
Motor response (1–6)
  None 1
  Extension 2
  Flexor response 3
  Withdrawal 4
  Localizes pain 5
  Obeys commands 6
Verbal response (1–5)
  None 1
  Incomprehensible 2
  Inappropriate 3
  Confused 4
  Oriented 5
Total (3–15)

Table 1.3 List of stroke recognition and severity assessment tools

Stroke recognition tools
  FAST Face Arm Speech Test
  CPSS Cincinnati Prehospital Stroke Scale
  LAPSS Los Angeles Prehospital Stroke Scale
  ROSIER Recognition of Stroke in the Emergency Room
Stroke severity assessment tools
  RACE Rapid Arterial oCclusion Evaluation Scale
  LAMS Los Angeles Motor Scale
  CPSSS Cincinnati Prehospital Stroke Severity Scale
  VAN Vision, aphasia, neglect
  3I-SS 3-item stroke scale
  sNIHSS-8 Shortened NIHSS (eight items)
  sNIHSS-5 Shortened NIHSS (five items)

1 The Fast and Focused Neurological Examination
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Table 1.4 The National Institutes of Health Stroke Scale (NIHSS)

Item Description Scoring
1a.  Level of  

consciousness
State of arousal 0 = Alert, keenly responsive

1 =  Not alert, but arousable by minor 
stimuli and able to answer

2 =  Not alert, requires repeated stimulation, 
obtunded

3 =  Only reflex motor response or 
unresponsive, flaccid, areflexic

1b.  LOC 
questions

Ask the month and patient’s 
age

0 =  Answers both correctly
1 = Answers one correctly
2 = Answers neither correctly

1c.  LOC 
commands

Ask to open/close eyes and 
grip/release hand

0 = Both tasks performed correctly
1 = One task performed correctly
2 = Neither task performed correctly

2.  Best gaze Assess horizontal eye 
movements

0 = Normal
1 = Partial gaze palsy
2 = Forced deviation or total gaze paresis

3.  Visual Test visual fields 0 = No visual loss
1 = Partial hemianopia
2 = Complete hemianopia
3 =  Bilateral hemianopia, blind, cortical 

blindness
4.  Facial palsy Test facial movements 0 = Normal symmetrical movement

1 = Minor paralysis
2 = Partial paralysis
3 = Complete paralysis

5a/b.  Motor arm Test for pronator drift with 
arm extended and held up for 
10 s

0 = No drift
1 =  Slight drift (limb does not lower 

completely)
2 =  Drift, but some effort against gravity 

(limb lowers completely)
3 = No effort against gravity, limb falls
4 = No movement

6a/b.  Motor leg Test for pronator drift with 
leg extended and held up for 
5 s

7.  Limb ataxia Test finger to nose and heel 
to shin

0 = Absent
1 = Present in one limb
2 = Present in two limbs

8.  Sensory Test pinprick sensation in the 
arms, legs, trunk, and face, 
and assess for symmetry

0 = Normal
1 = Mild/moderate sensory loss
2 = Severe/total sensory loss

9.  Best 
language

Describe a picture, name 
items, read words and 
sentences

0 = No aphasia
1 = Mild/moderate aphasia
2 = Severe aphasia
3 = Mute or global aphasia

10.  Dysarthria Assess for clarity/slurring of 
read words and sentences

0 = Normal
1 = Mild/moderate slurring
2 = Severe; unintelligible speech or mute

11.  Extinction 
and 
inattention

Visual double simultaneous 
stimulation, tactile, spatial, 
personal inattention should 
be assessed

0 = No abnormality
1 = Inattention in one sensory modality
2 =  Profound or multimodality 

hemi-inattention
Total 0–42

M.S. Siket
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The Joint Commission and is freely available online (https://secure.trainingcampus.
net/uas/modules/trees/windex.aspx?rx5nihss-english.trainingcampus.net). It is 
important to remember that the NIHSS is not a replacement for a complete neuro-
logical examination and is not encompassing. It is preferentially skewed toward the 
anterior circulation, and a NIHSS of 0 does not exclude serious and debilitating 
neurologic injury.

 The History and Focused Neurological Examination

Under most circumstances, the components of a focused neurological examination 
in the ED should be individualized and constructed around relevant information 
gathered from the patient’s history. The experienced clinician formulates a differen-
tial diagnosis in real time during the patient interview and then caters the exam that 
follows to be hypothesis driven. The examiner should be looking to differentiate 
whether the patient has a neurologic or non-neurologic cause of illness and whether 
a neurologic cause can be traced to the central nervous system (brain and spinal 
cord) or peripheral nervous system. Simply put, the examiner should focus on 
addressing the following three questions: (1) Is there a lesion? (2) Where is the 
lesion? (3) What is the lesion?

Reported neurologic symptoms can generally be characterized as either “posi-
tive” or “negative.” Positive symptoms include the addition of clinical phenom-
ena, such as certain visual aura preceding a migraine, tonic-clonic activity in a 
motor seizure, and “pins and needles” paresthesias such as in radicular back 
pain. Positive symptoms typically describe irritative phenomena, wherein there 
is an overabundance or abnormal neuronal discharge [3]. The examiner may note 
repetitive motor movements, such as automatisms or heightened sensation (aka 
hyperesthesia). Negative symptoms, on the other hand, describe ablative phe-
nomena, where there is a loss of normal neurological function. Symptoms include 
motor weakness, sensory loss (numbness as opposed to tingling), and loss of 
normal coordination, vision, speech fluency, and articulation. Since motor, sen-
sory, and visuospatial ablative phenomena are most often unilateral, it is best to 
directly compare the two sides of the body directly at each step of the examina-
tion [4].

Two other types of clinical phenomena are observed in patients with debilitat-
ing neurological disease: release and compensation syndromes, which typically 
follow ablative phenomena. Release syndromes include spasticity and hyperre-
flexia in upper motor neuron disease and motor rebound findings in patients with 
cerebellar dysfunction. Compensation syndromes occur as the brain adjusts for 
deficits, such as in patients with a notable head tilt to compensate for an ocular 
nerve palsy or a broad-based gait to compensate for imbalance and loss of 
coordination.

The pace and manner of onset of symptoms are important historical components 
that should be carefully elucidated during the encounter. For example, acute and 
sustained ablative-type symptoms should lead one to expect a vascular emergency 

1 The Fast and Focused Neurological Examination
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such as stroke, whereas episodic, fluctuating, or triggered symptoms often point to 
a nonvascular cause (except in cases of transient ischemic attacks). Careful attention 
to the timing and triggers of the described symptoms is imperative, particularly in 
dizziness (which is discussed in depth in Chap. 6), as it serves as the foundation on 
which the remaining components of the exam, including provocative tests, are struc-
tured. Degenerative processes typically have a slow-to-variable course over months 
to years, whereas demyelinating diseases such as multiple sclerosis may have a 
variable course. Diffuse and non-localizing symptoms should clue the clinician into 
pursuing causes of encephalopathy, such as toxic/metabolic and infectious 
processes.

Once enough historical data has been collected to form a reasonable differential 
diagnosis with attention given to the most dangerous and treatable potential causes 
first, the focused examination that follows should confirm or refute those consider-
ations and modify the list accordingly. The examiner should target the suspected 
affected portions of the nervous system first, compare to the contralateral side, and 
then expand to adjacent anatomical areas. For example, a patient with apparent right 
hemiparesis should have careful attention paid to speech and language function, 
knowing that Broca’s and Wernicke’s areas are generally located in the left hemi-
sphere (approximately 95% of right-handed individuals and 60% of left-handed 
individuals). Similarly, if in the aforementioned example language is preserved but 
a right-homonymous hemianopia is noted, one can be nearly certain that the lesion 
is in the left cerebral hemisphere, not in the cervical spinal cord. When such deficits 
are present, they are described as focal localizing signs, which should always trigger 
further investigation, usually in the form of neuroimaging. False localizing signs 
describe phenomena such as limb weakness observed in hypoglycemia or cranial 
nerve deficits produced by mass effect from a space-occupying lesion. When formu-
lating and narrowing the differential diagnosis, the ED provider should be mindful 
of the law of parsimony (Occam’s razor), which is the principle that most likely 
there is a single lesion and unifying diagnosis to explain a constellation of symp-
toms. Table 1.5 provides a list of general principles to aid in localization of CNS 
lesions.

Table 1.5 General principles regarding lesion localization

General principles regarding lesion localization

Symptoms of brain or spinal cord ischemia are usually “negative” involving loss of normal 
function
Irritative or “positive” symptoms are rarely due to ischemia
A lesion in the brainstem reticular activating system or bilateral cerebral hemispheres may 
result in impaired consciousness
Motor deficits can be due to contralateral lesions above the medulla and ipsilateral lesions 
below the medulla
Deficits in memory, thought process, and executive functions suggest a cortical lesion
Paralysis with areflexia, muscle wasting, and fasciculations all suggest a lower motor neuron 
lesion
Paralysis with hyperreflexia and spasticity suggests an upper motor neuron lesion
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 The Screening Neurological Examination

Following a focused exam, a screening exam should be performed to briefly inter-
rogate the remaining parts of the nervous system. Though the history and physical 
examination are distinguished for purposes of organization, in reality, the objective 
assessment of neurological function begins at the commencement of the encounter. 
Is the patient fully alert and seemingly aware of his/her surroundings? Is there obvi-
ous hemispheric inattention or neglect? Does the patient exhibit a normal and fluent 
speech pattern? Is the patient able to recall historical events and appropriately com-
municate a history of present illness? Does he/she exhibit normal facial expres-
sions? The interviewer inherently gains a sense of these functions in the first few 
moments of the interview. For purposes of convenience, the screening neurological 
exam can be divided into an organizational framework of six distinct components, 
(1) mental status and higher cortical function, (2) cranial nerves, (3) sensory func-
tion, (4) motor function, (5) gait and coordination, and (6) reflexes, which can be 
performed in any order.

 Mental Status and Higher Cortical Function

Assessment of mental status includes both neurological and psychiatric compo-
nents. Neurologic mental status includes level of consciousness (alertness), orienta-
tion (person, place, time, and situation), attention (ability to concentrate), and 
memory (immediate, short, and long term). Psychiatric components include mood, 
affect, thought process and content, judgment, and insight.

Interrogating language function is also an integral part of assessing a patient’s 
mental status. In order for language function to be intact, patients need to be able to 
hear and comprehend what was said, find the appropriate words to initiate a reply, 
and respond fluently with normal cadence and rhythm (prosody). Repetition, nam-
ing, reading, and writing are also components of a thorough assessment of language 
function. When speech comprehension, processing, or production is impaired, the 
patient is said to exhibit aphasia. Aphasia can be receptive (Wernicke’s aphasia), 
expressive (Broca’s aphasia), global, or limited to just repetitive (conductive apha-
sia) or naming dysfunction (nominal aphasia). Aphasia typically localizes to corti-
cal or subcortical damage. The ED provider need not dwell on the specifics of 
aphasia subtype discrimination, but for purposes of identification and communica-
tion with consultants, one should describe whether the aphasia is fluent (receptive), 
nonfluent (expressive), or mixed [5]. Speech that is slurred or difficult to understand 
is considered dysarthric which suggests a mechanical disorder from facial muscle 
weakness or incoordination. This may be reflective of a motor hemispheric or cer-
ebellar lesion or point to a problem in the brainstem, cranial nerves, or chemical 
effect, such as alcohol intoxication.

Other tests of higher cortical function include right-left discrimination, geo-
graphical orientation, recognition (gnosia), constructional ability, and carrying out 
learned tasks (praxis). A three-step command is a quick way to assess executive 
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function in the ED. Though not encompassing, it does test multiple mental pro-
cesses simultaneously when performed correctly. The key is to eliminate visual 
input and to ensure that the patient waits to perform the three-step task until after all 
the steps are described. An example is to ask the patient to close the eyes, make a 
fist with the right hand with the thumb out, and then use that thumb to touch the left 
ear while sticking out the tongue [3].

 Cranial Nerves

A cranial nerve exam is fundamental when examining patients with neurologic 
complaints. Though the olfactory nerve (CN I) rarely needs emergent assessment, 
the remaining cranial nerves may be adequately interrogated in a matter of seconds 
and provide important clinical data. The ED provider should spend a minute or two 
assessing the patient’s eyes, preferably paying attention to pupillary response, pres-
ence of nystagmus, extraocular movements, visual fields, and fundoscopy in addi-
tion to assessing facial movements and sensation. This is particularly important in 
patients presenting with headache when the focus of the encounter is to exclude 
potentially dangerous causes such as aneurysmal subarachnoid hemorrhage, vascu-
litis, a space-occupying lesion, meningitis, encephalitis, and other causes of 
increased intracranial pressure. The remaining cranial nerves (II–XII) and how to 
test them are described below. Note, significant attention is paid to CN II, III, IV, 
and VI as the examination of the eyes is often one of the most valuable parts of the 
neurological exam.

Optic Nerve (CN II): Assess visual acuity, visual fields, pupillary response, and 
fundoscopy. Not every patient needs formal Snellen chart testing unless visual dis-
turbance is reported. However, a patient may be unaware of a hemianopia or 
quadrantopia unless specifically tested. Face the patient directly and cover the eye 
of the patient which is not being tested, and then have the patient focus on your cor-
responding eye (patient’s left eye looks at your right eye). Place your hand hallway 
between your eye and the patient’s eye and find your corresponding visual fields, 
and then hold up 1–5 fingers and ask the patient to tell you how many. Patients 
sometimes need to be reminded to not look at your fingers but rather to focus on 
your eye and see the fingers with their peripheral vision. Do this for each quadrant 
of each eye. Alternatively, you may combine visual field testing with accessing for 
visuospatial inattention and some executive function by holding up two fingers in 
one hand and one finger in the other hand held over the lateral visual fields of each 
eye and ask the patient to tell you how many fingers are seen in total. For the patient 
to say “three” requires bihemispheric awareness, intact visual fields where tested, 
and the ability to add 1  +  2 (absence of acalculia), typically a parietal lobe 
function.

The pupils should be near symmetric in size (~1 mm of anisocoria can be physi-
ologic) and round in shape and constrict equally to light. Illumination of one eye 
should cause an equal pupillary response in both eyes. In the swinging flashlight 
test, a seemingly paradoxical dilation of one pupil suggests an afferent pupillary 
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defect (Marcus Gunn pupil) suggestive of unilateral optic nerve dysfunction. Note 
that slow, subtle (~1 mm) pupillary oscillations may be seen in a normal pupillary 
light reflex, called a hippus.

A fundoscopic exam should be performed to assess for papilledema whenever 
increased intracranial pressure is considered on the differential diagnosis. While 
many trainees in emergency medicine may skip this part of the exam due to diffi-
culty visualizing the optic disk without the aid of a mydriatic agent or a lack of 
confidence in interpreting the presence of optic disk abnormalities, the exam can 
provide valuable clinical information and should always be considered. 
Technological advances in ophthalmoscopy have made fundus visualization and 
photography easier than ever before, and several portable products exist that can be 
attached to the examiner’s smartphone. Measurement of optic nerve sheath diameter 
3 mm behind the eye over closed eyelids on bedside ocular ultrasound may be a 
useful adjunct to ophthalmoscopy, as a diameter ≥ 5.7 mm achieved 100% sensitiv-
ity and specificity for intracranial pressure > 20 mmHg among patients with intra-
cerebral hemorrhage [6–9].

Oculomotor (CN III), Trochlear (CN IV), and Abducens (CN VI) Nerves: Assess 
the eyelids, extraocular movements, and for the presence and type of nystagmus. 
The oculomotor nerve innervates all the extraocular muscles except the superior 
oblique (which is innervated by CN IV) and the lateral rectus (CN VI). A lesion to 
CN III will lead to the affected eye deviated “down and out.” Additionally, because 
CN III innervates parasympathetic pupilloconstrictors as well as the levator palpe-
brae muscle, a third nerve palsy produces a dilated pupil and ptosis as well. Fourth 
nerve palsy usually manifests as vertical diplopia and is compensated by a head tilt 
away from the affected side. A sixth nerve palsy produces an inability to abduct the 
ipsilateral eye. These syndromes along with other causes of diplopia are discussed 
in more depth in Chap. 7.

Rhythmic oscillation of the eyes is called nystagmus and can be both physiologic 
and pathologic. Typically, there is a jerking movement with both a fast phase and a 
slow phase. It is best to assess whether nystagmus is present with the eyes in a neu-
tral position and then with looking to the left and right. At extremes of lateral gaze, 
some horizontal nystagmus is normal; thus, it is best to assess for pathological nys-
tagmus in acutely dizzy patients when looking ~45 degrees laterally. Pathological 
nystagmus can be overcome by fixation, producing a false-negative finding, which 
can be prevented by placing a piece of white paper in the field of view. Frenzel 
goggles also help prevent this while magnifying the eyes and making nystagmus 
much easier to visualize. Peripheral causes of acute vestibular syndrome typically 
produce a horizontal, unidirectional nystagmus, whereas benign paroxysmal, posi-
tional vertigo (s) more classically causes a torsional, horizontal-rotatory nystagmus. 
Vertical nystagmus can be seen in phenytoin toxicity but should be considered a 
central pathological lesion until proven otherwise.

Most commonly, nystagmus will be observed to be horizontal and unidirectional 
and will be from a peripheral cause. The fast phase typically beats in the direction 
of the unaffected ear. In patients with acute-onset and sustained vertigo, testing of 
the oculocephalic reflex (aka head impulse test) and for vertical skew deviation on 
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alternating cover test can reliably exclude a central lesion such as a brainstem stroke 
as the cause of vertigo. This battery of tests is called the HINTS exam and when 
performed correctly may be more sensitive than diffusion-weighted MRI in the 
detection of stroke among high-risk acutely dizzy patients [10]. The head impulse 
test is performed by rapidly rotating the head from either center to lateral or lateral 
to center approximately 10° and assessing whether the patient is able to maintain 
his/her gaze on a fixed object (such as the examiner’s nose) without catch-up 
saccade- like movements being observed. The presence of saccades in one direction 
and failure to maintain a fixed gaze are abnormal findings and suggest a peripheral 
lesion, such as vestibular neuronitis or labyrinthitis. The alternating cover test 
assesses whether the patient can maintain gaze on a fixed object while one eye is 
covered in an alternating fashion. Refixation up and down suggests hypertropia/
hypotropia and is a rare but abnormal finding. Horizontal refixation, on the other 
hand, is most often a normal finding associated with amblyopia.

Trigeminal Nerve (CN V): Assess for sensation on the face and strength in the 
muscles of mastication. The trigeminal nerve has ophthalmic, maxillary, and man-
dibular branches and controls touch and temperature sensation throughout the face. 
The corneal reflex can be tested when patients are unable to communicate sensory 
findings. Having the patient clench his/her teeth and open/close the mouth tests the 
muscles of mastication. The jaw jerk reflex tests both sensory afferents and motor 
efferents.

Facial Nerve (CN VII): Assess the muscles of facial expression. While the facial 
nerve contains motor, autonomic, and sensory fibers, testing the sense of taste on the 
anterior two-thirds of the tongue is beyond the scope of most ED neurological 
exams. Instead, having the patient smile, grimace, wrinkle the forehead, close eyes 
tightly, show teeth, and wiggle the nose is sufficient. When facial muscles are weak, 
a flattening of the nasolabial fold may be the first sign. A peripheral lesion (such as 
Bell’s palsy) will typically involve the forehead, whereas a central lesion (such as 
stroke) spares the forehead and predominantly affects the lower face.

Acoustic Nerve (CN VIII): Assess the hearing component briefly by making a 
soft sound in each ear individually. Examples include clicking a disposable oto-
scope specula with one’s fingernail or rubbing two fingers together. The use of a 
tuning fork in the ED is seldom necessary. The vestibular component can be inter-
rogated in patients suspected of having positional vertigo with provocative testing 
followed by canalith repositioning techniques. Since most (85–90%) of BPPV 
involve the posterior semicircular canal, the Dix-Hallpike test should be performed 
first, leading into the Epley maneuver if posterior BPPV is confirmed. If unsuccess-
ful, then assessing the horizontal semicircular canal with the spine roll test is rea-
sonable, followed by the Lempert roll if horizontal BPPV is confirmed.

Glossopharyngeal (CN IX) and Vagus (CN X) Nerves: Simply ask the patient to 
open his/her mouth and say “ah” while looking for symmetry of the palate and mid-
line position of the uvula. Weakness of the palate may lead to dysarthric speech and 
impairment of saying words with the letter “k” [11]. Swallowing function may be 
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impaired in patients with lesions to CN IX and X. If swallowing is impaired or the 
patient has a decreased level of consciousness or suspected brainstem pathology, 
consider also assessing the gag reflex.

Accessory Nerve (CN XI): Since this innervates the trapezius and sternocleido-
mastoid muscles, having the patient shrug the shoulders against resistance and turn 
the head from lateral to center against resistance should be sufficient.

Hypoglossal Nerve (CN XII): Look for symmetric protruding of the tongue, or 
have the patient push his/her tongue against the wall of the mouth while the exam-
iner pushes back against the cheek. Having the patient say “La La La” rapidly is also 
reasonable [12].

 Sensory Function

Sensation is divided into light touch, pinprick, position, vibration, and temperature 
modalities. While it would be impractical to test each modality in every patient, 
those with acute abnormalities in touch sensation should prompt further interroga-
tion of the additional sensation subtypes. Adequate position sense assesses the spi-
nal posterior column, making vibration testing redundant. Hence, a tuning fork is 
seldom needed in the ED setting. Altered sensation may either be heightened 
(hyperesthesia), reduced (hypoesthesia), or absent (anesthesia). When a sensory 
level is identified, a skin marker can be used for labeling. The examiner should then 
decide whether the lesion follows a specific dermatome or is more indicative of a 
polyneuropathy, myelopathy, or central lesion. Cortical sensory modalities include 
two-point discrimination, graphesthesia (recognizing letters written on the skin), 
stereognosis (tactile recognition of an object), and tactile extinction during double 
simultaneous stimulation.

 Motor Function

Pronator drift is assessed in each limb individually with the eyes closed. The arms 
are held outstretched with palms facing up for 10 s. Subtle weakness may initially 
manifest with abduction of the pinky finger followed by hand pronation and then 
arm drift downward. The legs are assessed in a supine patient by active hip flexion 
upward a few inches off the bed for 5 s. Muscle strength can be further assessed by 
testing both sides simultaneously. Interossei muscles, grip, wrist flexion and exten-
sion, elbow flexion and extension, shoulder flexion and extension, and abduction 
and adduction should all be assessed when upper extremity weakness is reported or 
when a cervical spinal lesion is suspected. Similarly, plantar and dorsiflexion, knee 
flexion and extension, hip flexion and extension, and abduction and adduction 
should be assessed when lower extremity weakness is reported or a lumbar lesion is 
suspected. Table 1.6 outlines the grading of muscle strength using the Oxford scale.
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The presence of abnormal motor movements should be assessed for tremor, fas-
ciculations, and repetitive movements including automatisms. This is best done 
while the limb is at rest and during movement. Muscle tone can be assessed by pas-
sive movements of the patient’s joints. Note should be made of rigidity, spasticity, 
hypotonia, and flaccidity. Muscle groups can be assessed for asymmetric wasting 
and atrophy. In general, upper motor neuron lesions cause increased muscle tone 
and hyperreflexia, whereas lower motor neuron lesions cause decreased muscle 
tone, hypoactive reflexes, and atrophy.

 Reflexes

Proprioceptive muscle stretch reflexes such as the biceps, triceps, brachioradialis, 
quadriceps, and Achilles are performed to confirm the integrity of a reflex arc. 
Though they are of little use in isolation, taken together with strength, tone, and 
sensation, reflexes are a helpful and often necessary component of the neurologi-
cal exam. Deep tendon reflexes are graded on a scale from 0 to 4, with 0 denoting 
areflexia and 4 being significantly hyperreflexic with clonus. Polysynaptic noci-
ceptive reflexes include the Babinski, cremasteric, bulbocavernosus, and anal 
wink, which are generally reserved for cases when acute spinal cord damage is 
suspected.

 Coordination and Gait

The cerebellum is responsible for orchestrating oppositional muscle function to 
form fluid and smooth body movements. The central cerebellum (vermis) controls 
posture and truncal movements and is best tested by assessing for truncal and gait 
ataxia. The lateral cerebellum (cortex) oversees oppositional muscle coordination 
and is best tested with rapid alternating movements, dysmetria (finger to nose, 
heel to shin), and cerebellar rebound testing. Loss of smooth pursuit of eye move-
ments across the visual fields and impaired articulation of speech can be signs of 
cerebellar dysfunction and will have likely been tested in other parts of the neuro-
logical exam.

Table 1.6 The Oxford scale of muscle strength

Muscle strength grading scale (Oxford scale)

0/5 No contraction
1/5 Visible/palpable muscle contraction but no movement
2/5 Movement with gravity eliminated
3/5 Movement against gravity only
4/5 Movement against gravity with some resistance
5/5 Movement against gravity with full resistance
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 Putting It All Together

In clinical practice, a thoughtful neurological examination in the ED should take far 
less time to perform than to read about. One strategy for purposes of efficiency is to 
incorporate multiple components of the exam simultaneously starting at the patient’s 
head and working toward the toes. The following sequence is one example that 
incorporates most of what has been discussed and should be sufficient for nearly 
any neurologic complaint.

 1. Start with mental status if not already elucidated during the patient interview. Is 
the patient awake and alert, easily arousable, drowsy, lethargic, obtunded, or 
comatose? Is he/she communicative, oriented, and aware of surroundings and 
situation? Is speech fluent and appropriate and thought content normal? Can the 
patient repeat words and appropriately identify and recall objects? Questions: 
What is your full name? Where were you born? Where are you right now? What 
month is it? Who is the current President of the United States? What is this in my 
hand that I might use to write my name? Please repeat after me: no ifs, ands, or 
butts….what was it I was holding in my hand?

 2. Next examine the eyes. Note pupillary response to light and perform the swing-
ing flashlight test. Check extraocular movements, assess for presence and type of 
nystagmus, and check the visual fields. Perform a fundoscopic exam to exclude 
papilledema.

 3. Proceed to assess facial movements and symmetry. Have the patient smile, 
grimace, puff out the cheeks, and protrude the tongue and move it side to side. 
Have the patient close his/her eyes forcefully against resistance from opening 
by your hands. While touching the face, now assess for symmetry in facial 
sensation. Then have the patient shrug the shoulders against resistance and 
turn his/her head from lateral to center against resistance. Palpate the face and 
skull for abnormalities including for tenderness over the temporal arteries. 
Visualize the tympanic membranes and, in cases of trauma, exclude Battle 
sign, raccoon eyes, and hemotympanum. Use the otoscope speculum to assess 
CN VIII.

 4. Proceed caudally to the upper extremities. Assess for pronator drift, then grip 
strength, and then strength of the shoulders, elbows, wrists, hands, and fingers. 
With fingers apart, have the patient mimic playing the piano (a test for coordina-
tion) and then finger-to-nose test and rapid alternating movements. Place the 
arms at the side and test sensation in a spiraling fashion distally, so as to not fol-
low a single dermatome. Perform double simultaneous tactile stimulation to 
assess for inattention, and then do the same in the lower extremities.

 5. Having moved on to the legs, test again for sensation, paying special attention 
to the saddle distribution in patients with back pain or leg weakness. Assess 
for pronator drift in the legs and then strength in the toes, feet, ankles, knees, 
and hips. Check heel-to-shin coordination and then patellar and Achilles 
reflexes.
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 6. While holding your reflex hammer, move back to the biceps, triceps, and bra-
chioradialis; then, while holding the patient’s arm, help him/her up if able to 
assess for ataxia and gait.

 7. Lastly, complete the neurological exam with visual acuity if needed or with the 
visual items of the NIHSS if one is being scored.

 Special Circumstances

Patients who are unable to participate may make parts of the aforementioned exam 
more difficult to interpret. Pupillary and corneal reflexes, as well as deep tendon and 
superficial reflexes, should be preserved. Visual field testing can be performed by 
assessing visual response to threat, and sensation can be assessed by response to 
painful stimuli.

 Pearls and Pitfalls

• Many components of a neurological examination can be observed in the initial 
moments of a patient’s interview.

• Some components of a neurological examination can be assessed simultane-
ously, and moving from head to toe is one way to streamline the exam in the 
emergency setting.

• Dizzy patients should always have gait assessed. If the patient is unable to ambu-
late, assessing for truncal ataxia can be a substitute.

• Fundoscopy is part of an optic nerve exam and should be considered in patients 
complaining of headache or visual disturbance.
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Rule Out Acute Stroke

Aunali S. Khaku and Sayed K. Ali

 Case Presentation

A 70-year-old retired male with a history of hypertension, hyperlipidemia, and type II 
diabetes mellitus presented to the emergency department (ED) at the insistence of his 
wife. His wife had noticed that “he was not talking right.” In addition, he had spilt his 
coffee that morning, acting clumsier than normal. On further questioning, he endorsed 
difficulty getting words out and that his right hand seemed weaker than usual. The 
symptoms started abruptly at breakfast, waxing and waning for the last 2 h. He denied 
any pain, fever, or chills. His medications included lisinopril, metformin, and simvas-
tatin. He denied current tobacco use (quit about 10 years ago) and drank a few beers 
socially on the weekends. He had a brother who had a brain tumor. He denied aller-
gies, recent surgical procedures, or using any over-the- counter medications.

His vital signs on presentation were normal except for a blood pressure of 160/70 mm 
Hg. He was alert and oriented but had difficulty naming objects and repeating phrases 
and had a paucity of words (nonfluent). His smile was asymmetric, with a subtle right 
lower facial droop. Strength testing bilaterally appeared grossly normal, but he had a 
subtle right pronator drift. Visual field testing suggested a right upper quadrant visual 
deficit. NIH Stroke Scale (NIHSS) was calculated as a 6. A non-contrast computed 
tomography (CT) scan of the head did not show any major abnormalities or bleeds.

The patient had no contraindications for intravenous (IV) recombinant tissue plas-
minogen activator (rtPA), and after an informed consent was obtained, rtPA was 
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administered without any issues. The patient was subsequently admitted to the ICU 
for monitoring. A magnetic resonance image (MRI) of the brain, 24 h later, showed 
a left middle cerebral artery (MCA) infarction. A bilateral carotid ultrasound did not 
reveal any significant stenosis or plaques. A transthoracic echocardiogram showed a 
normal left ventricular ejection fraction with mild valvular abnormalities but no 
thrombus. No patent foramen ovale was identified. His presenting electrocardiogram 
and subsequent telemetry monitoring did not identify any causative rhythm such as 
atrial fibrillation. The patient was started on an antiplatelet agent (clopidogrel). His 
deficits improved mildly over the course of his hospital stay. He was subsequently 
discharged with home physical and speech therapy after a full stroke workup.

 Differential Diagnosis

• Ischemic stroke (including thrombotic, embolic, and lacunar strokes)
• Hemorrhagic stroke (including hypertensive hemorrhage, aneurysm or AVM 

rupture, amyloid angiopathy, etc.)
• Transient ischemic attack (TIA)
• Subarachnoid hemorrhage
• Cerebral tumor or mass lesion
• Seizure or postictal state
• Metabolic perturbations: hypoglycemia, hyponatremia, hyperglycemia
• Complicated migraine
• Alcohol or drug ingestion or intoxication
• Infectious: meningitis, encephalitis, abscess, or empyema
• Hypertensive encephalopathy
• Wernicke’s encephalopathy
• Psychiatric: psychogenic, conversion disorder, malingering or fugue states

 Definition

Stroke can be defined as an acute focal neurologic deficit caused by a compromise 
of the cerebral perfusion or vasculature. That is why strokes are often also referred 
to as cerebrovascular accidents (CVA). In general, strokes can be divided into isch-
emic or hemorrhagic, with ischemic strokes being more common. This chapter will 
focus primarily on ischemic stroke.

The most common cause of an acute focal neurologic deficit is ischemic stroke. 
Although the incidence of stroke is increasing globally, the mortality has decreased. 
Stroke is now the fifth leading cause of mortality in the United States [1]. While 
mortality has decreased, stroke is still the leading cause of adult disability world-
wide. It is critical to recognize stroke early and treat it rapidly in order to prevent or 
minimize morbidity and mortality. Emergency department (ED) patients with sus-
pected acute stroke should be triaged with the same priority as patients with acute 
myocardial infarction or serious trauma.
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With acute imaging readily available, the diagnosis of ischemic stroke is less 
cryptic than before. However, if no obvious lesion is visualized on neuroimaging, as 
is often the case in early strokes and TIAs, one must carefully revisit the differential 
diagnosis. The most important action remains deciding whether the event is isch-
emic in nature (i.e., an ischemic stroke or TIA) or not. If it is an ischemic event, the 
most urgent question for the emergency physician is whether or not the patient 
qualifies for thrombolysis with IV rtPA, intra-arterial (IA) rtPA, or an interventional 
endovascular clot retrieval/lysis procedure. The flow chart below summarizes the 
triaging process in a suspected stroke patient (Fig. 2.1).

The neurological literature refers to “stroke mimics” and “stroke chameleons.” 
Stroke mimics are manifestations of a nonvascular disease where a stroke-like clinical 
picture is produced. Stroke chameleons are actual strokes with an atypical presenta-
tion resembling other disease processes [2]. For the ED physician, it is paramount to 
recognize both but critical not to miss the stroke chameleons as strokes in general are 
considered more injurious and potentially treatable, whereas several of the mimics are 
not. Furthermore, the administration of rtPA to entities that are not stroke is generally 
considered safer than not giving rtPA to an ischemic stroke patient based on several 
studies that have documented a very low risk of hemorrhage when rtPA is adminis-
tered to stroke mimics (1–2%) as compared to the benefit in acute ischemic stroke [3].

Finally, in several medicolegal analyses, it was clearly demonstrated that the 
potential for a lawsuit is much higher for failure to administer rtPA than for admin-
istering rtPA with adverse outcomes [4, 5].

A TIA generally refers to an ischemic event that lasts momentarily, with full 
resolution of symptoms. While the prior definition of TIA involved time (24 h), with 
MRI now widely available, the definition of TIA is evolving, and a presumed isch-
emic event with no MRI evidence of ischemia (a negative diffusion-weighted image) 
may be considered a true TIA by imaging [6]. There is robust evidence to suggest 

Suspected stroke

Ischemic stroke

rtPA candidate
Not rtPA

candidate
Endovascular

candidate

Hemorrhagic stroke Not stroke

–Review rtPA consent and
  contraindication

–Ensure BP stable

–Administer rtPA

–Monitor patient closely

–Admit to ICU

–Consider endovascular
   therapy

–Antiplatelet

–Statin

–Neurology consult

–CT angiography

–Interventional
  neurology/radiology
  consults

–Control blood pressure

–Reverse
  anticoagulation

–Imaging/angiography
  for source of bleed

–Consider neurosurgical
  consult

–Work-up stroke
  mimics

–Seizure/complicated
  migraine/conversion

–Hypoglycemia/
  hyponatremia

Fig. 2.1 Suspected stroke algorithm
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that the risk of an ischemic stroke is highest in the first 48 h following a TIA [7]. A 
score sometimes used in the primary care setting known as the ABCD or ABCD2 
score can be used to forecast the likelihood of a TIA progressing to a stroke. 
However, the score is based solely on historical factors and has poor sensitivity and 
specificity [8]. Given the seriousness of a TIA, urgent evaluation including imaging, 
laboratory, and ECG is necessary [9] and allows more effective triage. Most TIA 
patients are thus admitted to have a full ischemic workup. In some institutions, TIA 
is worked up in an emergency department observation unit, where the bulk of the 
workup is completed without full hospital admission, and there is close neurology 
follow-up [10].

If the event was determined not to be ischemic in nature, it is important to ensure 
a cause for the symptoms is elucidated. Foregoing this could result in the patient’s 
neurovascular evaluation most likely ending with the current ED visit, and the 
patient would probably not have subsequent evaluations to detect possible underly-
ing cerebrovascular pathology. Among the entities mentioned above in the differen-
tial diagnosis for acute ischemic stroke, several may be identified by neuroimaging. 
For instance, hemorrhagic strokes will likely show up as obvious hyperdensities on 
a non-contrasted CT scan of the head. A hyperacute intracranial bleed may present 
with a negative CT, but if suspicion remains, the image may be repeated, or an MRI 
with special attention to the gradient echo sequence (GRE) or the susceptibility- 
weighted image (SWI) may be done, and this will identify bleeds with high accu-
racy [11, 12].

The most common stroke mimics are seizures and postictal states, followed 
by conversion disorder [13]. Conversion disorders are a diagnosis of exclusion, 
but a history of psychiatric illness or prior hospital visits with vague broad 
symptoms and negative workups may clue the physician to the possibility of 
conversion.

Subtle clues in the history and exam may point to a diagnosis of seizures. A his-
tory of shaking or “tremor” prior to the event, incontinence, or a known history of 
epilepsy should clue the physician to consider seizure. On exam, facial trauma, 
tongue biting, blood from the mouth, or subtle nystagmus may suggest seizure. An 
EEG would also be helpful in this situation.

Cerebral tumors or mass lesions may be visualized on a CT scan, although a 
contrasted MRI is more sensitive. While strokes generally follow classic vascular 
territories and are often wedge shaped, tumors generally do not exhibit this pattern. 
On exam, patients with cerebral tumors often have “upper motor neuron” signs such 
as spasticity, hyperreflexia, and a positive Babinski sign suggesting a long-standing 
lesion. In acute strokes, such signs are absent.

Metabolic perturbations such as hypoglycemia, hyponatremia, and hyperglyce-
mia may produce transient acute focal neurologic deficits that may mimic stroke. 
These tend to be apparent after screening labs are available and generally resolve 
with correction of the electrolyte abnormalities. Risk factors such as diabetes in the 
case of glucose abnormalities, or use of certain medications, may key the ED 
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physician in the direction of an electrolyte abnormality. It is important to remember 
that thiamine should always be given prior to glucose when correcting hypoglyce-
mia. Hyponatremia should always be worked up as it may be caused by other under-
lying, sometimes serious, medical conditions.

Complicated migraines are also a diagnosis of exclusion. Negative imaging, in 
the presence of a classical history of migraines, without cerebrovascular risk factors 
may clue the physician to this diagnosis.

Alcohol or drug ingestion or intoxication may sometimes mimic a stroke. Often 
the presence of alcohol on the breath or track marks in the case of IV drug use is a 
useful clue that points to a drug-related etiology. In cases where the index of suspi-
cion is high, a urine drug screen and serum alcohol level may be helpful. Certain 
drugs such as cocaine, amphetamines, and synthetic cannabinoids have been shown 
to increase the risk of stroke.

If there is prominent fever, leukocytosis, a history of travel, or insect bite, one 
must consider infectious etiologies such as meningitis, encephalitis, abscess, and 
empyema. Imaging, labs, and spinal fluid analysis are often helpful in clinching the 
diagnosis.

Acute and sudden headaches, with the classic “worst headache of my life,” 
suggest subarachnoid hemorrhage. A non-contrasted head CT is sensitive for 
detecting this, but a negative head CT in the right clinical setting should not rule 
out a subarachnoid. The physician may consider a spinal tap or an MRI with the 
GRE and SWI sequences or a repeat CT scan some time later to confirm clinical 
suspicion.

In patients with untreated or suboptimally treated hypertension, acute focal 
neurologic deficits may occur when the blood pressure rises too high, secondary 
to failed autoregulation of the cerebral perfusion mechanisms. Often the posterior 
circulation is more involved, and confusion or encephalopathy is commonly seen, 
hence the diagnosis posterior reversible encephalopathy syndrome (PRES). A his-
tory of certain immunologic therapies also has been associated with cases of 
PRES in the literature. CT perfusion and diffusion-weighted MRI are useful in the 
diagnosis [14].

The following table from the AHA/ASA guidelines on acute ischemic stroke 
summarizes the differential diagnosis of stroke (Fig. 2.2).

 History

The single most important piece of historical information that the ED physician 
should ascertain is the time of symptom onset or time last seen normal [15]. It is 
important to accurately obtain this information, as it determines the eligibility to 
receive rtPA or endovascular intervention for stroke. If the patient awoke with the 
symptoms (wake-up stroke), then the time last normal is presumed to be the time 
they were last awake and normal. Often patients awake in the night to use the 
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bathroom or get a drink of water. If the patient or their family endorses that they 
were normal at this time, this may be used as the time last normal. Often patients 
report symptoms that occurred and then resolved completely. In this case the time 
of onset is reset to the time the symptoms recurred.

It is important to inquire about risk factors for arteriosclerosis and cardiovascular 
disease, drug abuse, migraine, seizures, infection, trauma, or pregnancy. Emergency 
medical personnel, bystanders, and family witnesses play a critical role in providing 
this information especially when the patients are unable to.

The above case illustrates several key points in the history that suggest ischemic 
stroke as a cause of the symptoms:

• Acuity of event (strokes tend to be acute or acute in onset).
• Focal neurologic deficit (arm weakness, aphasia, hemianopia, etc. are focal neu-

rologic deficits that are common in stroke). Global deficits such as confusion are 
not common presenting signs of stroke and suggest other etiologies such as sei-
zure or metabolic perturbations.

• Absence of pain: in general, barring arterial dissections, and the rare thalamic 
pain syndrome, strokes are painless. Hence, pain as a prominent complaint 
should prompt the physician to search for alternative causes. A thunderclap head-
ache or “worst headache of my life” suggests subarachnoid or intracranial hem-
orrhage. Prominent neck pain or a history of possible neck injury (from 
chiropractic manipulation, motor vehicle collision, or martial arts) points to arte-
rial dissection.

• Risk factors: older age, presence of cardiovascular risk factors such as hyperten-
sion, hyperlipidemia, and diabetes all increase the likelihood of stroke on the 
differential. Other risk factors increasing the likelihood of stroke include a 
 history of smoking, coronary artery disease, a family history of stroke, obesity, 
atrial fibrillation, etc.

Psychogenic Lack of objective cranial nerve
findings, neurological findings in a
nonvascular distribution, inconsistent
examination   

Seizures History of seizures, witnessed seizure
activity, postictal period 

Hypoglycemia History of diabetes, low serum
glucose, decreased level of
consciousness  

Migraine with aura (complicated
migraine) 

History of similar events, preceding
aura, headache 

Hypertensive encephalopathy Headache, delirium, significant
hypertension, cortical blindness, 
cerebral edema, seizure 

Wernicke's encephalopathy History of alcohol abuse, ataxia, 
ophthalmoplegia, confusion

CNS abscess History of drug abuse, endocarditis,
medical device implant with fever 

CNS tumor Gradual progression of symptoms,
other primary malignancy, seizure at
onset  

Drug toxicity Lithium, phenytoin, carbamazepine

Fig. 2.2 Differential 
diagnosis of stroke [15]
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• Positive versus negative symptoms: in general strokes present with negative 
symptoms, i.e., numbness as opposed to paresthesia and weakness as opposed to 
tremor or seizure (Table 2.1).

 Physical Examination

The stroke exam is a multi-person coordinated rapid exam. While ancillary staff 
obtain vitals, connect the patient to telemetry, and obtain IV access, the physician 
performs the rapid neurological evaluation. It is quintessential to do a thorough 
exam in order not to miss subtle lesions, yet it is also necessary to do a very rapid 
evaluation as the adage “time is brain” is literally true in ischemic stroke. It is esti-
mated that every minute, two million brain cells die [16]. Ideally one must at the 
bare minimum examine the following key elements:

• Level of consciousness (alert and responsive, arouses to noxious stimuli, comatose)
• Language (fluency, naming, comprehension, repetition)
• Dysarthria (slurring) which may be picked up in the history
• Motor (subtle arm weakness can be picked up by performing a pronator drift)
• Visual field deficits
• Eye movement abnormalities (in general if a gaze preference is present, the eyes 

are deviated toward the side of the lesion)
• Facial paralysis (asking patient to smile)
• Ataxia (finger to nose)

Probably the best neurological exam for an acute stroke is the NIH Stroke 
Scale (NIHSS). While it was initially developed for research purposes, it has fast 
become the exam of choice for acute stroke and provides a convenient, reliable, 
and validated quantitative measure, which correlates well with the size of stroke 
and with prognosis after stroke [17]. It also provides valuable information that can 
help stratify patients for various interventions [18]. The American Heart 
Association (AHA) and American Stroke Association (ASA) recommend using 
the NIHSS as a standard exam for all stroke patients [15]. The NIH Stroke Scale 
is as below (Fig. 2.3).

The sentences, images, and word lists that follow are often used as part of the 
NIHSS in the evaluation of speech and language [20].

Table 2.1 Key points in the history to differentiate stroke from stroke mimics

History Stroke Stroke mimic
Acuity Sudden or acute Gradual or subacute
Neurologic deficit Focal Global
Pain Absent Possibly present
Symptoms Negative Positive
Risk factors Hypertension, hyperlipidemia, atrial 

fibrillation, diabetes, smoking, obesity
Variable
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Sentences for 9. Best Language (Fig. 2.4)
You know how.
Down to earth.
I got home from work.
Near the table in the dining room.
They heard him speak on the radio last night.

Picture for 9. Best Language (Fig. 2.5)
Word List for 10. Dysarthria [20]
Mama
Tip-Top
Fifty-Fifty
Thanks
Huckleberry
Baseball player

Tested
item Title Responses and scores

Level of consciousness

Orientation questions (2)

Response to commands (2)

Gaze

Visual fields

Facial movement

Motor function (arm)
a. Left
b. Right

Motor function (leg)
a. Left
b. Right

Limb ataxia

Sensory

Language

Articulation

Extinction or inattention

IA

1B

1C

2

3

4

5

6

7

8

9

10

11

0
1
2
3
0
1
2
0
1
2
0
1
2
0
1
2
3

0
1
2
3

0
1
2
3
4
0
1
2

0
1
2
0
1
2
0
1
2

0
1
2
0
1
2

3
4

3

Alert
Drowsy
Obtunded
Coma/unresponsive

Answers both correctly
Answers 1 correctly
Answers neither correctly
Performs both tasks correctly
Performs 1 task correctly
Performs neither
Normal horizontal movements
Partial gaze palsy
Complete  gaze palsy
No visual field defect
Partial hemianopia
Complete hemianopia
Bilateral hemianopia

Normal
Minor facial weakness
Partial facial weakness
Complete unilateral palsy
No drift
Drift before 5 s
Falls before 10 s
No effort agains gravity
No movement
No drift
Drift before 5 s
Falls before 5 s
No effort against gravity
No movement
No ataxia
Ataxia in 1 limb
Ataxia in 2 limb
No sensory loss
Mild sensory loss
Severe sensory loss
Normal
Mild aphasia
Severe aphasia
Mute or global aphasia
Normal
Mild dysarthria
Severe dysarthria
Absent
Mild (loss 1 sensory modality lost)
Severe (loss 2 modalities lost)

Fig. 2.3 NIH Stroke Scale 
from the National Institute 
of Neurological Disorders 
and Stroke and AHA/ASA 
guidelines on acute stroke 
[15, 19]

A.S. Khaku and S.K. Ali



25

 Emergency Department Workup

The initial ED workup of a stroke patient involves stabilizing the airway, breathing, 
and circulation (ABC). This is followed by a rapid, concise, history and exam such 
as the NIHSS which is administered simultaneously as the patient gets IV access, 
telemetry, and stat labs drawn. The patient should then be immediately transported 
to the CT scanner where, depending on protocol, either a non-contrasted brain CT 
or a combination of brain CT, CT angiography, and perfusion imaging is obtained. 
Ideally, rtPA should be prepared as imaging is occurring, and as soon as the non- 
contrasted head CT can be visualized and a bleed is excluded, rtPA should be 
administered after discussing the risks and benefits and excluding rtPA contraindi-
cations. Time is critical, as only patients who get all the required studies within 
4.5 h qualify for potentially lifesaving thrombolysis. The 2013 AHA/ASA guide-
lines suggest having a systematic stroke protocol in the ED [15]. Although evidence 
for specific time goals for various activities vis-à-vis stroke in the emergency depart-
ment is lacking, the guidelines provide the following as a suggestion (Table 2.2).

It is important to note that after administration of IV rtPA, the CT angiography 
should be reviewed in order to determine if the patient qualifies for endovascular 
therapy as well. Patients ineligible for IV rtPA may still qualify for endovascular 

Fig. 2.4 Naming sheet for NIH Stroke Scale question 9 from NINDS (Adapted from Harold 
Goodglass. The Assessment of Aphasia and Related Disorders. Philadelphia, Pa: Lea & Febiger; 
1972) [20]
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therapy alone if they meet certain criteria. Currently the criteria include a maxi-
mum time to groin puncture of 6 h, along with significant deficits (NIH Stroke 
Scale greater than 6) and imaging suggestive of a large-vessel occlusion [18]. 
Patients who do not qualify for rtPA or intervention should be treated with an anti-
platelet agent and a statin and be admitted for a full stroke evaluation and  secondary 
stroke prevention.

 Vital Signs

Hypertension is often seen in acute stroke. This should not be aggressively treated 
as it is felt to be compensatory to help increase blood flow to ischemic brain tissue. 
The AHA/ASA guidelines suggest not to lower the blood pressure (BP) for the first 

Fig. 2.5 Receptive aphasia evaluation: from NINDS (Adapted from Harold Goodglass. The 
Assessment of Aphasia and Related Disorders. Philadelphia, Pa: Lea & Febiger; 1972) [20]

Table 2.2 Suggested time frames for 
various ED activities in relation to acute 
stroke (Adapted from the 2013 AHA/ASA 
guidelines on acute stroke [15])

Action Time
Door to physician ≤10 min
Door to stroke team ≤15 min
Door to CT initiation ≤25 min
Door to CT interpretation ≤45 min
Door to drug ≤60 min
Door to stroke unit admission ≤3 h
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24 h of acute ischemic stroke unless it exceeds 220/120 mm Hg or there is a definite 
medical reason to lower the BP. If the patient is a candidate for thrombolysis, cau-
tious lowering of very high blood pressures would be indicated with labetalol being 
the first choice of drug for this. The AHA/ASA guidelines suggest that blood pres-
sures above 185/110 should be cautiously lowered if rtPA is to be administered. 
After rtPA administration, it is also essential to ensure the blood pressure remains 
below 180/105 for the first 24 h [12]. The table below summarizes the blood  pressure 
parameters recommended in stroke (Table 2.3).

The figure above summarizes the recommended therapy for lowering blood pres-
sure in patients with hypertension who qualify for IV rtPA (Fig. 2.6).

 Clinical Investigations

 Laboratory Studies

At the bare minimum, the following labs would be indicated when a diagnosis of 
stroke is entertained:

 1. Basic metabolic panel (BMP)
 2. Complete blood count (CBC)
 3. Cardiac markers
 4. Coagulation profile: prothrombin time (PT), international normalized ratio 

(INR), and activated partial thromboplastin time (PTT)

Table 2.3 Blood pressure 
parameters in stroke (Adapted from 
the 2013 AHA/ASA guidelines on 
acute stroke [15])

Situation 24 h blood pressure goal
Ischemic stroke, no rtPA <220/120
Before administering rtPA <185/110
After administering rtPA <180/105

Patient otherwise eligible for acute reperfusion therapy except that BP is >185/110 mm Hg:

• Labetalol 10–20 mg IV over 1–2 min, may repeat 1 time; or
• Nicardipine 5 mg/h IV, titrate by 2.5 mg/h every 5–15 min, maximum 15 mg/h;
 when desired BP reached, adjust to maintain proper BP limits; or other agents
 (hydralazine, enalaprilat, etc.) may be considered when appropriate
• If BP is not maintained at or below 185/110 mm Hg, do not administer rtPA

Management of BP during and after rtPA or other acute reperfusion therapy to maintain BP at
or below 180/105 mm Hg:
• Monitor BP every 15 min for 2 h from the start of rtPA therapy, then every
 30 min for 6h and then every hour for 16 h 

If systolic BP >180–230 mmHg or diastolic BP >105–120 mm Hg:
• Labetalol 10 mg IV followed by continuous IV infusion 2–8 mg/min; or
• Nicardipine 5 mg/h IV, titrate up to desired effect by 2.5 mg/h every 5–15 min, maximum 15 mg/h
• If BP not controlled or diastolic BP >140 mm Hg, consider IV sodium nitroprusside

Fig. 2.6 Blood pressure lowering protocol for acute stroke before, during, and after rtPA admin-
istration [15]
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If the patient is on anticoagulant medications like warfarin or a bleeding diathe-
sis is suspected, then waiting for the coagulation profile is suggested. Elevated car-
diac markers are not a contraindication for thrombolysis, and, in fact, serum cardiac 
markers are frequently elevated following strokes.

However, one should not wait for all laboratory results to initiate rtPA. The only 
laboratory indicated before rtPA is administered is the serum glucose, and a finger-
stick evaluation suffices. This is because hypoglycemia may mimic a stroke and 
extreme hyperglycemia may increase the likelihood of a bleed after rtPA adminis-
tration. A urine drug screen, arterial blood gas, pregnancy test, serum alcohol level, 
or liver function tests may be indicated in certain circumstances, depending on the 
clinical scenario.

 Neuroimaging

At the bare minimum, a non-contrasted head CT is essential whenever stroke is 
suspected. The primary purpose of the CT is to rule out a hemorrhage, as this is an 
absolute contraindication for rtPA.

The head CT is often normal in acute stroke, although subtle signs on the CT 
may suggest an early stroke. These signs include:

 1. Subtle loss of the gray matter/white matter distinction on the affected side 
(Fig. 2.7)

 2. Edema: a more dense (dark)-looking area usually in a wedge shape following 
vascular territories

 3. Hyperdense middle cerebral artery (MCA) sign (Fig. 2.8)
 4. MCA dot sign (Fig. 2.9)

Fig. 2.7 Early signs of 
acute stroke: loss of 
gray-white differentiation 
and sulcal effacement in 
the right hemisphere 
(Reproduced with 
permission from the 
Alberta Stroke Program 
[22])
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Fig. 2.8 Early signs of 
acute stroke on head CT: 
hyperdense MCA sign in 
right hemisphere 
(Reproduced with 
permission: case courtesy 
of Dr. Jones, http://
radiopaedia.org.
radiopaedia.org [23])

Fig. 2.9 Early signs of 
acute stroke on CT: MCA 
dot sign (arrow) in right 
hemisphere (Reproduced 
with permission from 
Stanley Medical College 
[24])
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Many stroke centers now routinely do a combination of:

 1. Non-contrasted head CT
 2. CT angiogram of the head and neck
 3. CT perfusion of the head

The rationale is that these additional studies do not add much in terms of time but 
often provide critical information that may aid the clinician in taking appropriate 
care of the patient. The CT angiogram is also necessary for determining if the patient 
qualifies for endovascular clot retrieval or thrombolysis. The CT angiogram may 
demonstrate a clot in a major blood vessel amenable to interventional clot retrieval.

The 2015 AHA/ASA supplemental guidelines for endovascular therapy of acute 
ischemic stroke suggested that patients should receive endovascular therapy if they 
meet all certain criteria (Table 2.4) [18]. However, for the ED physician, it is imprac-
tical to spend time calculating a modified Rankin Scale (mRS) and an Alberta Stroke 
Program Early CT Score (ASPECTS). Hence, we suggest that all patients should 
receive CT angiography (CTA), providing no contraindication to contrast. If angi-
ography suggests a major blood vessel occlusion, the ED physician should consult 
interventional neurology or radiology for potential intervention. If CTA is contrain-
dicated, then a magnetic resonance angiography (MRA) using gadolinium-based 
contrast may be done. The time-of-flight technique minimizes contrast exposure in 
this study. However, a caveat with MRA is that it can sometimes overcall stenosis 
and is thus most useful for ruling out major vessel occlusion. Conventional angiog-
raphy, while being the gold standard to detect vessel occlusion, is invasive and is 
reserved for cases where neither CTA nor MRA is possible.

The gold standard study to definitively detect an ischemic stroke remains mag-
netic resonance imaging (MRI) of the brain. The diffusion-weighted image (DWI) 
sequence is very sensitive and can detect subtle ischemia—depicted as a hyperin-
tensity—within minutes of clinical symptoms. However, obtaining an MRI in the 
acute stroke setting has its limitations including cost, limited availability of urgent 
MRI, length of study, susceptibility to motion artifact, claustrophobia, incompati-
bility with cardiac pacemakers, and metallic implants. The DWI image is compared 
to the corresponding apparent diffusion coefficient (ADC) map, which typically 
demonstrates a dropout (hypointensity) in the area of the infarct.

Table 2.4 Criteria for endovascular therapy for acute stroke (Adapted from the 2015 AHA/ASA 
guidelines on endovascular management of acute stroke [18])

Criteria for endovascular therapy for acute stroke

Prestroke mRS score 0–1
Acute ischemic stroke receiving intravenous rtPA within 4.5 h of onset according to guidelines 
from professional medical societies
Causative occlusion of the internal carotid artery or proximal MCA (M1)
Age ≥ 18 years
NIHSS score of ≥6
ASPECTS of ≥6
Treatment can be initiated (groin puncture) within 6 h of symptom onset
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Perfusion imaging is now routinely being used in addition to the non-contrast 
head CT and CTA. Perfusion imaging can be obtained with both MRI and CT, but 
most centers utilize CT perfusion. In brief, a bolus of contrast is injected, and sev-
eral parameters are measured, generating beautiful, color-coded maps of the brain’s 
perfusion status. Generally, red signifies an increase, while blue signifies a decrease 
in a parameter. The parameters measured include:

 1. Time to peak (TTP)
 2. Mean transit time (MTT)
 3. Cerebral blood volume (CBV)
 4. Cerebral blood flow (CBF)

For the ED physician, it is adequate to know that generally in acute stroke, the 
TTP and MTT on the side of a lesion would be increased; hence, the color-coded 
map would likely show a wedge-shaped red area on that side when compared to the 
contralateral side which would be blue. The cerebral blood flow may be decreased. 
The cerebral blood volume may either be increased in cases of compensated isch-
emia or decreased in cases of core infarct. The true utility of a perfusion image 
however is in providing evidence for the presence of an ischemic penumbra, i.e., 
potentially salvageable brain tissue. To do this, the TTP or MTT is compared to the 
CBV and the area of overlap/penumbra is determined. While this is theoretically 
very useful, there are some studies questioning its accuracy [21].

The key take-home point is that one must not wait for results of all these imaging 
studies to decide whether or not to give rtPA but, rather, rule out a hemorrhage and 
give rtPA as quickly as possible (Figs. 2.10 and 2.11).
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Fig. 2.10 CT perfusion in acute stroke: left hemisphere demonstrating increased MTT with 
decreased CBV and CBF suggesting large core infarct (Case courtesy of Dr. Gaillard, http://radio-
paedia.org; reproduced with permission from radiopedia.org) [25]
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 Other Studies

A baseline electrocardiogram is recommended but should not delay the initiation of 
intravenous rtPA. The role of a chest x-ray especially in the absence of acute cardio-
pulmonary disease remains unclear and debated at this time [15] (Table 2.5).

 Management of Acute Ischemic Stroke

The US FDA approved the use of IV rtPA in 1996 [27], for acute ischemic stroke 
within 3 h of symptom onset, based on the results of the NINDS rtPA stroke 
trial. The studies suggested that treatment with IV rtPA was associated with bet-
ter functional outcomes at 3 months and 1 year. Although the risk of hemorrhage 
was higher in the rtPA treated arm (6.4% vs. 0.6% for placebo with 3% having 
a fatal ICH), there was no overall difference in mortality between the treated 
and untreated groups. Several subsequent trials replicated the results, and sub-
group analysis then prompted the increasing of the period of treatment to include 
those presenting within 3–4.5 h of symptoms, with a different criteria for rtPA 
use. It is important to note that most experts recommend holding antiplatelet for 
24  h following rtPA administration, along with controlling blood pressure to 
below 180/15.

Below are the rtPA inclusion and exclusion criteria (Fig. 2.12; Tables 2.6 and 2.7):

Fig. 2.11 DWI MRI 
imaging in acute stroke: 
left hemisphere increased 
signal on DWI suggesting 
acute stroke (Case courtesy 
of Dr. Gaillard, http://
radiopaedia.org; 
reproduced with 
permission from 
radiopedia.org) [26]
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Table 2.5 Immediate 
diagnostic studies: evaluation 
of a patient with suspected 
acute ischemic stroke 
(Courtesy of AHA/ASA [15])

All patients
  Non-contrast brain CT or MRI
  Blood glucose
  Oxygen saturation
  Serum electrolytes/renal function tests
  Complete blood count, including platelets
  Markers of cardiac ischemia
  Prothrombin time/INRa

  Activated partial thromboplastin timea

  ECGa

Selected patients
  TT and/or ECT if suspected that the patient is taking 

direct thrombin inhibitors or Factor Xa inhibitors
  Hepatic function tests
  Toxicology screen
  Blood alcohol level
  Pregnancy test
  Arterial blood gas tests (if hypoxia is suspected)
  Chest radiography (if lung disease is suspected)
  Lumbar puncture (if SAH is suspected and the CT scan 

is negative for blood)
  Electroencephalogram (if seizures are suspected)

CT computed tomography, ECG electrocardiogram, ECT eca-
rin clotting time, INR international normalized ratio, MRI mag-
netic resonance imaging, TT thrombin time
aAlthough it is desirable to know the results of these tests 
before giving intravenous recombinant tissue- type plasmino-
gen activator, fibrinolytic therapy should not be delayed while 
awaiting the results unless (1) there is clinical suspicion of a 
bleeding abnormality or thrombocytopenia, (2) the patient has 
received heparin or warfarin, or (3) the patient has received 
other anticoagulants (direct thrombin inhibitors or direct factor 
Xa inhibitors)

• Infuse 0.9 mg/kg (max. dose 90 mg) over 60 min, with 10% of the dose given as a bolus over 1 minute.
• Admit the patient to an intensive care or stroke unit for monitoring.
• If the patient develops severe headache, acute hypertension, nausea, or vomiting or
 has a worsening neurological examination, discontinue the infusion (if IV rtPA is being administered)
 and obtain emergent CT scan.
• Measure blood pressure and perform neurological assessments every 15 min during and after
 IV rtPA infusion for 2 h, then every 30 min for 6 h, then hourly until 24 h after IV rtPA treatment.
• Increase the frequency of blood pressure measurements if systolic blood pressure is
 >180 mmHg or if diastolic blood pressure is >105 mmHg; administer anti hypertensive
 medications to maintain blood pressure at or below these levels (Table 2.7 )
• Delay placement of nasogastric tubes, indwelling bladder catheters, or intra-arterial pressure
 catheters if the patient can be safely managed without them.
• Obtain a follow-up CT or MRI scan at 24 h after IV rtPA before starting anticoagulants
 or antiplatelet agents.

Fig. 2.12 rtPA administration courtesy of the AHA/ASA [15]
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Table 2.6 rtPA eligibility criteria for patients within 3 h of onset of symptoms courtesy of the 
AHA/ASA [15]

Inclusion criteria
• Diagnosis of ischemic stroke causing measurable neuro deficit
• Clear onset (last witnessed well) <3 h (see below for extension to <4.5 h)
• Age > 18 year
Exclusion criteria
• Historical
  – Stroke or head trauma in previous 3 months
  – Any history of intracranial hemorrhage
  – Major surgery in the previous 14 days
  – GI or urinary tract bleeding in previous 21 days
  – Myocardial infarction in previous 3 months
  – Arterial puncture at noncompressible site in previous 7 days
• Clinical
  – Spontaneously clearing stroke symptoms
  – Only minor and isolated neurologic signs
  – Seizure at stroke onset
• Persistent SBP >185 or DBP >110 despite treatment
•  Use of direct thrombin inhibitors or direct factor Xa inhibitors with elevated aPTT, INR, or 

factor Xa assay
• Active bleeding or acute trauma (fracture) on exam
• Labs
  – Platelets <100 K
  – Serum glucose <50, >400
  – INR >1.7 or PT >15 sec if on warfarin
  – Elevated PTT if on heparin
• Head CT
  – Evidence of hemorrhage
  –  Evidence of multilobar infarction with hypodensity involving >33% of cerebral 

hemisphere
  – Intracranial neoplasm, AVM, or aneurysm
• Use of dabigatran within 48 h is relative contraindication
Relative exclusion criteria
• Minor or rapidly improving stroke symptoms
• Pregnancy
• Seizure at onset with postictal residual neuro impairments

Table 2.7 rtPA eligibility 
criteria for patients within 
3–4.5 h of onset of  
symptoms courtesy  
of the AHA/ASA [15]

Additional criteria for tPA administration between 3 and 4.5 h

Inclusion criteria
  Same as for <3 h
Exclusion criteria
All of the above plus
  Age > 80 year
  Combination of both previous stroke and DM
  NIHSS score >25
  Oral anticoagulant use regardless of INR
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It is imperative to note that the risk of ICH when treating a stroke mimic with IV 
rtPA is low (less than 1%); hence, one should not inadvertently delay rtPA in the 
right clinical setting. Similarly, the studies show that the earlier rtPA is adminis-
tered, the better the outcome; hence, rtPA should not be delayed just because there 
is a 4.5 h window [15].

For patients who do not qualify for rtPA, an antiplatelet agent and statin should 
be administered. There are some studies suggesting dual antiplatelet therapy with 
aspirin and Plavix may be beneficial in the short term (approximately 90  days); 
however, the long-term benefit remains unclear [28].

The latest focus in acute stroke care has been on expanding the therapeutic time 
window for intervention. To date, the therapeutic window for treatment with intra-
venous tPA is 3 h from stroke onset or 4.5 h from stroke onset in patients who do not 
have the additional exclusion criteria (Table 2.7). This window is solely time based. 
It excludes wake-up strokes and those strokes with unknown time of onset. It also 
does not account for an individual brain’s collaterals; the time-based definition for 
therapeutic window treats all patients the same, regardless of their overall and brain 
health. Someone with good collaterals to the occluded vessel would likely have a 
penumbra that is salvageable for a longer period. Given this, the latest clinical trials 
have focused on developing a neuroimaging or tissue-based definition for the thera-
peutic window. The DAWN trial [29] (DWI or CTP Assessment with Clinical 
Mismatch in the Triage of Wake-Up and Late Presenting Strokes Undergoing 
Neurointervention) was actually terminated early due to clear benefit demonstrated 
in patients with large-vessel occlusions (internal carotid or M1 branch of middle 
cerebral artery) undergoing mechanical thrombectomy up to 6–24 h since last seen 
well plus medical management, when compared to medical management alone. The 
NNT was 2.8. The median NIHSS was 17, with 65% of the cohort comprising 
wake-up strokes.

 Disposition

In general, all patients suspected of having acute ischemic stroke should be admit-
ted for a full neurological workup. Neurology consultation should be obtained. The 
workup of acute ischemic stroke includes a search for a source of thrombus, which 
includes carotid evaluation by ultrasound, CTA, MRA, or conventional angiogra-
phy. Transthoracic echocardiogram is obtained to ascertain for low ejection frac-
tion, cardiac source of clot, or patent foramen ovale. EKG and telemetry are obtained 
to ascertain for rhythms predisposing to stroke such as atrial fibrillation. Labs such 
as a fasting lipid panel and hemoglobin A1C are obtained to ascertain for modifiable 
risk factors for stroke. Other labs such as a hypercoagulable panel in young patients 
or B12 and syphilis testing in selected patients are also obtained. Antiplatelet and 
statins remain the mainstay of medical management of stroke. For patients with 
significant disabilities, physical therapy and occupational therapy consults should 
be obtained. Similarly, if swallowing and speech are of concern, then speech/swal-
low consults should be obtained. All patients should have follow-ups arranged with 
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their primary care providers and with neurology at appropriate times post-discharge. 
For symptomatic and significant carotid artery stenosis, referrals to vascular or neu-
rological surgery should be sought promptly.

 Pearls and Pitfalls

• Stroke generally presents with an acute focal neurologic deficit with no pain.
• The most important part of the history is the time of onset of symptoms.
• Rapid evaluation and treatment are paramount for the best outcomes.
• IV rtPA is approved for use up to 4.5 h following symptom onset, but the earlier 

the rtPA is administered, the better the outcomes.
• At minimum, a non-contrasted head CT should be obtained to rule out hemor-

rhage before administering IV rtPA.
• The only lab needed prior to administering rtPA is a fingerstick serum glucose 

unless a bleeding diathesis or clinical situation warrants more labs.
• Endovascular or interventional therapy should be considered in patients who 

have significant deficits (NIHSS >6) up to 6 h following symptom onset if treat-
ment can be initiated within 6 h.

• The risk of intracranial hemorrhage in stroke mimics treated with IV rtPA is 
extremely low (~1%).

• For patients who do not qualify for rtPA, permissive hypertension is indicated for 
at least the first 24 h, and blood pressure should not be lowered unless it exceeds 
220/120.

• Prior to initiating rtPA, blood pressure should be gently lowered to a value below 
185/110.

• After rtPA, blood pressure should be kept below 180/105 for 24 h.
• Patients with large-vessel occlusions may benefit from mechanical thrombec-

tomy up to 6–24 h after last seen well.
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3Acute Head Injury: When to Image 
and When to Observe?

Tracy MacIntosh and Adam Benzing

 Case Presentation

A 21-year-old male presents to the emergency department (ED) via ambulance 
after being struck by a car while riding a scooter without a helmet. Per the para-
medic, patient had LOC on scene. He was complaining of right ear and right-sided 
head pain but denied neck, back, extremity, or abdominal pain. Though he could 
answer some questions, others were answered inappropriately, and he was unreli-
able in following commands. The paramedics placed him in a C-collar and on a 
backboard and noted fluid draining from the patient’s right ear. His initial GCS was 
13 for confusion and localizing pain. His arrival vital signs were: blood pressure 
138/82, HR 112, RR 18, 96% on 2 L, and temperature 37.8 C. He had symmetric 
breath sounds and 2+ femoral and DP pulses. Pupils were equal and reactive; 
he had right hemotympanum and abrasions to the head and face. His abdomen was 
soft and non- tender, and he had multiple abrasions on the extremities and a 
 contusion to his right flank.

 Introduction

Acute head injury does not always lead to traumatic brain injury (TBI), and the 
clinician will make the diagnosis of TBI based on clinical symptoms and thorough 
ED evaluation. TBI is “an alteration in brain function, or other evidence of brain 
pathology, caused by an external force” [1]. The CDC reported that TBI accounted 
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for 2.5  million ED visits and over 50,000 deaths in 2010 [2]. According to the 
American College of Surgeons’ 2015 National Trauma Data Bank of hospital 
admissions, there were over 300,000 head injuries reported to their trauma registry 
in 2014, representing 35% of all injuries [3].

The severity of traumatic brain injuries is most commonly categorized using the 
Glasgow Coma Score (GCS). The GCS is the most widely used coma scale and was 
introduced in 1974 to characterize changes in consciousness, particularly for the 
TBI patient, for the purpose of objectively comparing patients and treatment modal-
ities [4]. The score is obtained by assessing eye opening and verbal and motor 
responses. A severe TBI is often defined as GCS ≤8, moderate as 9–13, and mild as 
14–15 [5].

 Differential Diagnosis

• Intracranial hemorrhage: subdural hematoma, epidural hematoma, and subarach-
noid hemorrhage

• Cerebral contusion
• Concussion
• Diffuse axonal injury
• Delayed intracranial bleed
• Skull fracture

 Traumatic Intracranial Hemorrhage

Traumatic intracranial hemorrhage and hematomas result from injuries to the vas-
culature of the brain due to forces of angulation, acceleration, rotation, and direct 
laceration. This can result in extra-axial lesions, subdural hematoma, epidural 
hematoma, and subarachnoid hemorrhage [6]. These represent the most important 
complications from TBI and often require immediate surgical intervention in order 
to avoid permanent neurological deficits or death, with an estimated 100,000 
patients annually in the United States undergoing surgical interventions for trau-
matic intracranial hemorrhage [7].

Subdural hematomas (SDH) occur in approximately 12–29% of patients admit-
ted with TBI [8]. These appear as a concave collection of blood in the subdural 
space, following the contour of the brain. The mechanism of injury varies by age but 
is most frequently caused by motor vehicle collisions, falls, and assault. Elderly and 
alcoholic patients are at increased risk for SDH because they are more likely to have 
brain atrophy leading to stretching of the bridging veins, making these vessels more 
vulnerable to damage with even minor head trauma [8]. Mortality rates for patients 
requiring surgical intervention range from 40 to 60%, with even higher mortality 
rates for patients who present to the emergency department in a coma. The majority 
of patients who require surgical intervention for their subdural hematoma also have 
additional intracranial and extracranial injuries [9] (Fig. 3.1).
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Epidural hematomas (EPH) can result from injury to the middle meningeal artery 
or vein, or the venous sinuses, and occur in approximately 3–4% of patients admit-
ted with TBI [10]. They appear as a convex collection of blood on CT imaging due 
to the accumulation of blood between the dura and skull. The classically described 
“lucid interval,” where patients initially lose consciousness following the injury and 
then awaken and subsequently deteriorate, occurs in almost half of all patients, 
while 12–42% of patients remain conscious throughout their entire preoperative 
course [9]. Patients may also present with pupillary abnormalities, neurological 
deficits, hemiparesis, decerebration, and/or seizures [10] (Fig. 3.2).

Traumatic subarachnoid hemorrhage occurs in 26–52% of TBI patients and is 
hypothesized to be due to rotation or acceleration of the brain, vertebrobasilar artery 
stretch, sudden increase in intra-arterial pressure from trauma to the cervical carotid 
artery, or damage to bridging veins and pial vessels. They most commonly appear in 
a mixed pattern on non-contrast CT involving the cerebral hemispheres, basal cis-
terns, cortical sulci, and interhemispheric space [11]. Although many patients will 
have concomitant cerebral contusions and SDH or EPH, those patients who present 
with mild TBI with isolated subarachnoid hemorrhage rarely have progression of 
pathological findings on subsequent imaging and, even if they do, will generally not 
require surgical intervention or suffer from neurological decline [12, 13].

 Cerebral Contusion

Cerebral contusions are bruises that occur in the parenchyma due to impact of the 
brain against the skull, falx cerebri, or tentorium, most commonly resulting from 
blunt, closed head injury. The most common locations for this injury are the inferior 

Fig. 3.1 Subdural and 
intraparenchymal 
hemorrhage. Subdural 
hemorrhage up to 1 cm 
over the left cerebral 
hemisphere and right 
frontal and temporal lobes. 
Two centimeters 
intraparenchymal 
hemorrhage in the left 
frontal lobe surrounded by 
vasogenic edema. Mass 
effect and 6 mm midline 
shift to the right
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frontal and anterior temporal lobes because the adjacent skull base has a sharp and 
irregular contour. A contusion at the site of impact is called a coup contusion, and a 
contrecoup contusion occurs opposite to the site of impact [14].

 Concussion

According to the consensus statement on Concussion in Sports, though used inter-
changeably, concussion and mild TBI are defined as two separate entities [15]. 
Concussion represents a low-velocity injury caused by “shaking” of the brain lead-
ing to clinical symptoms but may not correspond to pathological injury, and patients 
typically have normal neuroimaging. Concussions generally cause rapid, short-term 
impairment in neurological function with spontaneous resolution but may occasion-
ally develop over minutes to hours. Patients may present with headache, dizziness, 
blurry vision, cognitive, emotional or behavioral changes, or sleep disturbance [15, 
16]. On the other hand, mild TBI is classified by more severe clinical symptoms and 
will often have abnormalities apparent on conventional imaging.

 Diffuse Axonal Injury

Diffuse axonal injury (DAI) is the process of generalized axonal damage resulting 
from inertial or rotational forces leading to TBI, resulting in abnormal cerebral con-
nectivity with variable subsequent reversibility [17]. Contemporary theories of 
mechanism of injury suggest that damage to the axolemma leads to abnormal influx 

Fig. 3.2 Epidural 
hematoma. Right-sided 
epidural hematoma with a 
gas bubble, consistent with 
open fracture. Significant 
mass effect with 6 mm of 
midline shift
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of extracellular ions with resulting destruction of the cytoskeleton and cellular 
transport. Axonal swelling then leads to axonal dysfunction and ultimately disrup-
tion of connections, a process that can take hours to days following the injury [18].

White matter axonal disruption occurs in more than half of severely head injured 
patients and approximately 30% of mild head injuries [19]. The diagnosis of DAI 
remains essentially a “diagnosis of exclusion” in patients with coma or cognitive 
dysfunction without any abnormalities on CT brain imaging because microscopic 
degrees of DAI are essentially undetectable on initial CT imaging [20]. The most 
common immediate impairment from DAI is coma [21].

 Delayed Intracranial Bleed

With increasing use of antiplatelet and anticoagulant agents for vascular disease and 
stroke prevention, more patients are at risk for traumatic intracranial bleeding. For 
example, head injury patients taking warfarin who may be completely asymptomatic 
or are otherwise deemed low risk have a 7% risk of intracranial bleed [22], and supra-
therapeutic INR is associated with lower initial GCS score [23]. The risk of delayed 
bleed for patients with minor head injury (GCS ≥ 13) on warfarin has been found to 
be between 0.3 and 6% [24, 25], with higher risk associated at INR >3.0 [25].

 Skull Fractures

Skull fractures are associated with intracranial bleeding [26] and have higher mor-
tality rates among isolated TBI patients, suggesting that theses fractures resulted 
from higher forces of impact [27]. The vast majority of depressed skull fractures are 
open, or compound fractures, and may lead to infections, neurological morbidity, 
seizures, and death. These are generally treated operatively with debridement and 
elevation in order to reduce the risk of infection [9].

The skull base is composed of the frontal, temporal, ethmoid, sphenoid, and 
occipital bones. Skull base fractures often result from high-velocity injuries and 
may be linear or comminuted and can have associated intracranial, vascular, or 
orbital injuries and CSF leak. Surgical management of skull base fractures with 
cranial decompression is indicated based on associated cranial injuries, prolonged 
CSF leak, or profound cranial nerve or vascular injury [28] (Fig. 3.3).

History and physical exam

History red flags Physical exam red flags
Amnesia Altered mental status
New-onset seizure GCS <15
Age > 60 Evidence of skull fracture
Drug/alcohol intoxication Trauma above the clavicles
Headache Neurological deficits
Vomiting
Anticoagulant or antiplatelet agent
Dangerous mechanism
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When evaluating a patient with potential TBI, elements of the history and physical 
exam can provide key information to inform the clinician about the severity of 
injury and potential worsening of the clinical condition and guide decision-mak-
ing. An accurate history should be obtained from the patient (if possible) witnesses, 
and available EMS personnel for details on mechanism of injury, loss of conscious-
ness, confusion, and vomiting, along with the standard elements of a thorough 
patient history. The initial ED trauma evaluation starts with an assessment of the 
ABCDEs: airway, breathing, circulation, disability, and exposure. Following the 
initial assessment and efforts to stabilize vital signs as needed, the physical exam 
should include a thorough neurological assessment, including physical exam find-
ings for increased intracranial pressure and GCS [29], and a thorough evaluation 
for extracranial trauma.

The spectrum of injury encompassed within the category of traumatic brain 
injury is broad, but the clinician responsible for the acute evaluation of such patients 
will be most challenged by those who are neurologically intact and appear well but 
may have a significant underlying or evolving intracranial injury. Patients falling 
into the category of mild TBI are the most difficult to evaluate for proper treatment 
and disposition as their unimpressive presentation may obfuscate the need for fur-
ther diagnostic studies, intervention, and follow-up.

The New Orleans Criteria (NOC) and Canadian CT Head Rule (CCHR) have 
identified key historical and physical exam factors associated with predicting clini-
cally significant TBI after acute head injury with loss of consciousness. Haydel 
et al. derived the NOC from the history and physical findings of a cohort of 520 
patients presenting with head trauma and normal GCS evaluated by head CT and 

a b

Fig. 3.3 (a, b) Skull fractures. (a) Demonstrates a linear right occipital skull fracture. (b) 
Demonstrates fractures of the occipital bone to the foramen magnum and left base of the skull
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subsequently validated on 909 patients. A history of short-term memory deficit had 
the highest positive predictive value of clinically significant TBI, followed by new- 
onset seizure, age over 60  years, drug or alcohol intoxication, headache, visible 
trauma, and vomiting. Any evidence of trauma above the clavicles is also associated 
with clinically significant TBI [30].

Stiell et al. derived and validated the CCHR on over 3000 patients with GCS of 
13–15 across 10 large Canadian hospitals and derived 5 high-risk and 2 medium- 
risk factors associated with requirement for neurosurgical intervention or clinically 
important brain injury on CT. Vomiting 2 or more times or age 65 and over were 2 
high-risk elements from the history that were highly predictive of clinically signifi-
cant TBI, and retrograde amnesia >30 min prior to impact and dangerous mecha-
nism (pedestrian struck by motor vehicle, occupant ejected from motor vehicle, fall 
from >3 ft or 5 stairs, heavy object fell onto head/axial load) were both medium-risk 
historical elements. Suspected open skull fracture or basilar skull fracture on exam 
is high-risk physical findings [31].

 Pediatrics

The pediatric population requires special consideration in the evaluation of acute 
TBI. In addition to the high incidence of head trauma, clinical assessment is com-
plicated by their inability to follow commands, potential noncompliance with imag-
ing, and increased concerns for ionizing radiation exposure [32, 33]. There are three 
primary clinical decision rules (CDR) for the evaluation of pediatric head injuries 
described in the literature: the Canadian Assessment of Tomography for Childhood 
Injury (CATCH), Children’s Head Injury Algorithm for the Prediction of Important 
Clinical Events (CHALICE), and Pediatric Emergency Care Applied Research 
Network (PECARN).

The CATCH decision rule is based on a multicenter cohort study of 3866 
pediatric patients 0–16 years of age who presented with GCS of 13–15 and signs 
of TBI [34]. The study identified history of worsening headache and dangerous 
mechanism (motor vehicle collision, fall >3 ft, fall from bicycle with no helmet) 
as key historical elements, while signs of basilar skull fracture, irritability on 
exam, and large boggy hematomas on exam are all predictive of clinically sig-
nificant TBI [34].

The CHALICE study evaluated 22,772 pediatric patients [35]. Clinically signifi-
cant head injury was defined as any head-related injury resulting in death, neurosur-
gical intervention, or acute abnormality on head CT scan, all of which also comprised 
the study’s primary outcome measure with secondary outcomes defined as skull 
fractures and hospital admissions [35]. The authors identified 14 criteria categorized 
by history, examination findings, and mechanism of injury, where any single posi-
tive criterion resulted in a sensitivity of 98% and specificity of 87% to predict clini-
cally significant head injuries. Witnessed LOC >5 min, amnesia >5 min, abnormal/
excessive drowsiness, three or more episodes of emesis since head injury, suspicion 
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of non-accidental trauma, new-onset seizure, and severe mechanism (high-speed 
traffic accident as occupant or pedestrian, fall >9.8 m, high-speed projectile injury) 
were most predictive of clinically significant head injuries. On exam, GCS <15 in 
an infant <1 year or GCS <14, suspicion of penetrating or depressed skull fracture 
or tense fontanelle, signs of basilar skull fracture, neurological deficit or ecchymo-
sis, and swelling or laceration of the head >5 cm in an infant were associated with 
clinically significant TBI [35].

Kuppermann et al. developed the PECARN head injury decision rule in order to 
identify children with very low risk of clinically important TBI for whom CT imag-
ing may not be necessary [36]. 42,412 pediatric patients younger than 18 years old 
who presented within 24 h of head trauma with GCS of 14 or 15 were enrolled in 
this multicenter cohort study. Patients were divided into two age groups, younger 
than 2 years and 2 years and older. The study assessed for neurosurgical interven-
tion and positive findings for clinically important TBI on CT scan. The validation 
criteria had a sensitivity of 100% and specificity of 53.6% for identifying clinically 
important TBI in the <2year age group and a sensitivity of 96.8% and specificity of 
58.2% in the ≥2year age group. The decision algorithm identified 100% of patients 
requiring neurosurgical intervention in both age categories. For children under 2, 
concerning factors were a history of loss of consciousness ≥5 s, child not acting 
normally, or severe mechanism (motor vehicle crash with patient ejection, death of 
another passenger, rollover, pedestrian or bicyclist without helmet struck by motor-
ized vehicle, fall >3 ft, head struck by high-impact object). For children 2 years and 
older, history of LOC, severe headache, severe mechanism, and history of vomiting 
were associated with clinically important TBI. On physical exam, altered mental 
status, GCS <15, palpable skull fracture or non-frontal hematoma for children 
<2years, or signs of basilar skull fracture for older children were indications for CT 
[36].

Comparing the diagnostic accuracy of these three pediatric clinical decision 
rules, Easter et al. found that the PECARN rule identified all of the clinically signifi-
cant TBIs and had the highest sensitivity at 100%, compared to 91% for CATCH 
and 84% for CHALICE. CHALICE had the highest specificity at 85% vs. 62% for 
PECARN and 44% for CATCH (see Fig. 3.4 for PECARN) [37].

 Emergency Department Workup

For those patients severely injured, with clearly abnormal neurologic exams on 
arrival, most will require neuroimaging after stabilization, and diagnostic dilemmas 
will be rare. This section will focus on how best to diagnose those with mild head 
injury, and the optimal initial evaluation and treatment.

In order to help guide the clinical evaluation of adult head trauma patients pre-
senting acutely with mild signs and symptoms, the clinician should rely on evidence- 
based algorithms. As described above, the two best studied and most widely 
employed for adults are the New Orleans Criteria (NOC) and Canadian CT Head 
Rule (CCHR).
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New Orleans Criteria (NOR)

Non-contrast head CT required for patients with minor head injury, GCS 15, and any one of 
the following
  1. Headache
  2. Vomiting
  3. 60 years of age or older
  4. Drug or alcohol intoxication
  5. Persistent anterograde amnesia
  6. Visible trauma above the clavicle
  7. New-onset seizure

Adapted from Haydel et al. [30]

GCS=14 or other signs of altered mental status†,
or palpable skull fracture

Occipital or parietal or temporal scalp haematoma,
or history of LOC >5s, or severe mechanism of
injury†, or not acting normally per parent

GCS=14 or other signs of altered mental status†,
or signs of basilar skull fracture

History of LOC, or history of vomiting, or severe
mechanism of injury‡, or severe headache

CT recommended

CT recommended

CT not recommended

Observation versus CT on the basis
of other clinical factors including:

Physician experience
Multiple versus isolated   findings

~
Worsening symptoms or signs after
emergency department observation
Age <3 months
Parental preference

Physician experience
Multiple versus isolated   findings
Worsening symptoms or signs after
emergency department observation
Parental preference

Yes

Yes

Yes

No

No

No

No

Yes

13.9% of population
4.4% risk of ciTBI

32.9% of population
0.9% risk of ciTBI

14.0% of population
4.3% risk of ciTBI

28.8% of population
0.8% risk of ciTBI

57.2% of population
<0.05% risk of ciTBI

CT not recommended

53.2% of population
<0.02% risk of ciTBI

Observation versus CT on the basis
of other clinical factors including:

a

b

~

•

•

•

•

•

•

•

•

•

Fig. 3.4 From p. 1168: PECARN decision rule for (a) children <2 years of age and (b) children 
2 years and older (with Elsevier permission for this table) [36]
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Canadian CT Head Rule (CCHR)

Non-contrast head CT required for patients with minor head injury (GCS 13–15 after 
witnessed loss of consciousness, amnesia, or confusion) and any one of the following
High-risk factors for neurosurgical intervention
  1. Glasgow coma score lower than 15 at 2 h post-injury
  2. Suspected open or depressed skull fracture
  3. Any indication of basal skull fracture
  4. Two or more episodes of vomiting
  5. 65 years of age or older
Medium risk for brain injury detection by CT scan
  6. Amnesia before impact of 30 min or more
  7. Dangerous mechanism

Adapted from Stiell et al [31]

Since the establishment of these two decision rules, there have been numerous 
attempts at their evaluation and comparison. However, the lack of consensus in 
defining mild TBI, the international variation in clinical settings, and disparate 
inclusion criteria and study design complicate the comparison of the data.

Stiell et  al. conducted a prospective cohort study of 2707 patients in order to 
compare the clinical performance of the CCHR and NOC for detecting the need for 
neurosurgical intervention (primary outcome) and clinically important brain injury 
(secondary outcome). For patients with a GCS of 15, the CCHR and NOC had 
equivalent sensitivities of 100% for predicting neurosurgical intervention, but the 
CCHR had better specificity at 76.3% compared to 12.1% for NOC. Likewise, both 
the CCHR and NOC had excellent sensitivity of 100%, but the CCHR had superior 
specificity 50.6% versus 12.7% for clinically important brain injury [38].

An observational cohort study by Bouida et al. of 1582 patients demonstrated 
that CCHR had both higher sensitivity (100% vs. 82%) and specificity (60% vs. 
26%) for both primary and secondary outcomes of neurosurgical intervention and 
clinically significant findings on head CT than NOR [39].

Overall, therefore, there is data that the CCHR has better sensitivity and specificity 
than NOR and should be used to identify adult patients with mild TBI who require a 
CT scan. However, practice management guidelines from the Eastern Association for 
the Surgery of Trauma (EAST) recommend brain CT for any adult patient strongly 
suspected of brain injury, such as “loss of consciousness or other clinical sign of 
MTBI.” [40] They define MTBI as the acute alteration in brain function caused by 
blunt force trauma, with GCS 13–15 with LOC less than 30 min and less than 24 h of 
post-traumatic amnesia. These guidelines suggest therefore that selecting only high-
risk patients for CT should be reserved for resource-limited settings [40].

Due to the high incidence of TBI in the elderly, an additional complicating fac-
tor is anticoagulation therapy [41]. Coagulopathy is such a significant confounding 
factor in the evaluation of TBI that the American College of Emergency Physicians 
recommends that it be a deciding factor in favor of CT imaging for anyone present-
ing with head trauma, even in the absence of loss of consciousness or post-trau-
matic amnesia [42]. Comparing outcomes of head trauma patients on different 
anticoagulant therapies, aspirin, clopidogrel, and warfarin, warfarin was found to 
be an independent risk factor for mortality, while all medications were associated 
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with increased risk of intracranial hemorrhage [43]. Comparing the risk of imme-
diate versus delayed intracranial hemorrhage for clopidogrel and warfarin where 
the majority of patients (71%) had a GCS of 15, clopidogrel was associated with 
immediate findings, while warfarin was more likely to result in delayed hemor-
rhage [44]. While further research is required, particularly related to non-vitamin 
K oral anticoagulant therapy, current evidence supports routine head CT imaging 
in those presenting with blunt head injury and anti-platelet or anticoagulant ther-
apy, regardless of injury severity.

 Pediatrics

Given the superior sensitivity of the PECARN rule, 100%, compared to 91% for 
CATCH and 84% for CHALICE, clinicians should use the PECARN guidelines to 
engage families in medical decision-making and determine which children require 
neuroimaging.

 Acute ED Interventions

Treatment strategies for TBI are determined by the degree and type of injury pres-
ent. Initial assessment involves evaluating and stabilizing the patient’s airway, 
breathing, and circulation, most often guided by standardized trauma protocols. 
Hypotension must be avoided in order to preserve cerebral perfusion pressures >50–
60 mmHg, and ventilation must be preserved in order to maintain oxygen saturation 
to avoid ischemic injury [45].

For patients presenting with moderate (GCS 9–13) or severe TBI (GCS ≤8), the 
initial priority is to stabilize the patient and obtain neuroimaging. After the diagno-
sis is made, the patient should be evaluated for prompt neurosurgical intervention. 
Stabilization efforts include the assessment and management of increased intracra-
nial pressure and prompt neurosurgical consultation.

During the initial assessment of the patient with suspected severe TBI, the head 
of the bed should be elevated to ≥30° to facilitate cerebral venous drainage in the 
absence of contraindications [46]. Temperature should be controlled to avoid hyper-
thermia, iso- or hyperosmotic fluids should be prioritized for resuscitation, and 
excessive stimulation, such as tracheal suctioning, should be minimized in order to 
avoid any further increases in ICP [45]. Hyperventilation to a PaCO2 of 30–35 mmHg 
is an effective temporizing measure for those patients destined for emergency oper-
ative intervention and can be maintained for up to 2 h [47].

Interventions for the acute elevation of ICP involve hyperosmolar therapy with 
either hypertonic saline or mannitol, which are likely equivalent in their efficacy 
[48, 49]. Dosing of mannitol is 0.5–1  g/kg IV bolus and may be administered 
through a peripheral line and repeated as often as every 4–6 h with monitoring of 
serum osmolality [49]. Hypertonic saline and mannitol therapies can be combined, 
but hypertonic saline concentrations greater than 7.5% are best administered through 
a central venous catheter [45].
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Propofol is also effective in reducing ICP by reducing cerebral metabolic oxygen 
rate and cerebral blood flow volume [50], which makes it an advantageous choice 
for the intubation and continued sedation of patients with TBI. A bolus of 1–3 mg/
kg may be administered and then converted to an infusion titrated to a maximum of 
200 μg/kg/min. The most frequent, anticipated adverse effect of propofol is circula-
tory depression, which may require correction with IV fluids or vasopressors in 
order to prevent cerebral hypoperfusion. Additionally, propofol infusion syndrome 
is a rare side effect that can develop at doses >100 μg/kg/min maintained for >48 h 
[45]. Onset of metabolic acidosis, cardiac dysfunction, rhabdomyolysis, and hyper-
triglyceridemia should alert the clinician to this potentially fatal condition [45, 51]. 
If these initial medical therapies fail to improve the patient’s clinical status, rescue 
decompressive neurosurgery should be considered.

If the patient’s clinical condition remains poor despite the aforementioned efforts 
and the patient is not deemed appropriate for surgery, additional interventions may 
provide some benefit but with additional risks. Moderate hypothermia with a target 
core temperature of 32–34 °C has been shown to lower ICP but can also result in 
cardiac arrhythmias, electrolyte disturbances [45], and coagulopathy. 
Hyperventilation to mild or moderate hypocapnia of PaCO2 of 25–35 mmHg can 
result in further cerebrovascular constriction but is unlikely to provide benefit 
beyond 6 h while potentially exacerbating ischemic injury [45, 52]. Finally, the use 
of barbiturates is controversial with limited rigorous evidence to support its use 
[45], [53].

 Clinical Investigations

 Biomarkers

Brain injury can result in axonal shear and resulting neuronal axon injury and the 
release of proteins that can cross the blood-brain barrier. One of the most studied of 
these proteins is S-100B. According to the 2008 American College of Emergency 
Physicians Clinical Policy, there are limited data to support its use in identifying 
patients with TBI who may not require a CT scan and that this test may be used in 
the future in addition to clinical variables to identify low-risk patients in selected 
populations [54]. A number of other markers have been studied and were shown to 
be associated with mortality in TBI patients. These represent ongoing, active areas 
of research in the management of these injuries [55] but do not yet have an estab-
lished role.

 Neuroimaging

 CT

CT scanning is the imaging modality of choice in the acutely head injured patient in 
order to identify clinically significant intracranial bleeding and/or swelling which 
requires emergency neurosurgical interventions [56]. Plain films have no role in the 

T. MacIntosh and A. Benzing



51

evaluation of patients with TBI [54] when CT is available at the facility given CT’s 
superior sensitivity for skull fractures [57].

Cerebral contusions may not always be evident on initial CT but tend to increase 
and become more visible on follow-up imaging [14]. Contusions may range in 
appearance on CT from small petechial hemorrhages to large parenchymal hemato-
mas with mass effect and shift. Contusions can be distinguished from DAI by the 
fact that contusions involve the cortical surface, whereas DAI is subcortical [14]. 
New evidence suggests that CT may have some role in detecting DAI. For example, 
the presence of intraventricular hemorrhage on initial CT was found to be a marker 
for DAI on subsequent MRI [58].

Clinicians must maintain a high index of clinical suspicion for cerebrovascular 
injury. Though relatively rare, these patients are often asymptomatic initially, but 
untreated vascular injury can have high morbidity and mortality. CT angiography is 
the initial imaging modality of choice [59] and should be considered in patients with 
neurological deficits not explained by initial CT.

 MRI

MRI does not yet serve a broad role in the immediate emergency department (ED) 
evaluation of the acutely head injured patient and has instead been used to prognos-
ticate in patients with persistent neurological deficits [60], to explain neurological 
deficits without apparent abnormalities on CT or to better delineate abnormalities 
seen on initial CT [56]. However, there has been growing success in performing 
rapid acquisition MRIs in pediatric populations, and recent studies may suggest 
transferring this technology to traumatic brain injury, with particular attention to the 
pediatric population. MRI has been shown to be as sensitive as CT scan for detect-
ing traumatic brain injury and intracranial hemorrhage but less sensitive for skull 
fractures [61]. Seventy-five percent of mild TBI patients with GCS of 14–15 with a 
post-event LOC had intraparenchymal lesions on MRI, half of which were missed 
on initial CT [62].

MRI is more sensitive than CT for detecting cerebral contusions, and fluid- 
attenuated inversion recovery is better than T1- and T2-weighted sequences for 
identifying cerebral edema due to contusion [14] (Fig. 3.5).

 Post-concussion Syndrome

Post-concussion syndrome (PCS) is a constellation of symptoms noted in persons 
who have sustained a head injury in the recent past. These symptoms are classified 
into physical, cognitive, emotional, and sleep problems [63]. Physical problems 
include headache, nausea, vomiting, balance and visual problems, dizziness, 
fatigue, sensitivity to light or noise, numbness or tingling, and feeling dazed or 
stunned. Cognitive problems include feeling mentally “foggy,” speaking slowly, 
and having difficulty attending, concentrating, executing, judging, processing, 
remembering, tracking, or understanding. Emotional problems include irritability, 
sadness, and nervousness. Sleep problems include drowsiness, sleeping more or 
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less than usual, and having trouble falling asleep. Studies have reported that 
between 15 and 30% of mTBI patients meet the criteria for PCS at 1 month [64] 
and 3 months [65, 66]. Other studies have estimated that up to 50–80% [67, 68] of 
mTBI patients meet the criteria for PCS after 3 months. One study [69] demon-
strated 43% of mTBI patients meet the criteria for PCS around 5 days post-injury. 
Due to this high prevalence, it is important to caution acute head injury patients 
being discharged from the emergency department that they may experience 

a

b

Fig. 3.5 (a, b) Diffuse axonal injury. Comparisons of non-contrast CT with MRI on the same 
patient. (a) Scattered foci of edema, consistent with DAI (blue arrows). Bilateral subdural hema-
tomas (yellow arrows). (b) Subacute parenchymal hematoma on MRI
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symptoms of PCS [70]. Treatment is supportive and includes brain rest, which 
means no to minimal screen time (computer, phone, tablet, etc.), and symptomatic 
treatment with antiemetics and non- opiate analgesics.

 Disposition

All patients with severe head injury should be admitted or transferred to a neurosur-
gical care center as patients managed at non-neurosurgical centers have been shown 
to have 26% higher mortality rates [71].

Even though approximately one-third of patients with moderate TBI will have 
negative initial CT scans, these patients are still at high risk for long-term morbidity 
and neuropsychological deficits; given the potential for reversibility of brain injury, 
these patients should be admitted or transferred to a hospital with specialty expertise 
in head injury [72, 73].

There is significant data that both children and adults with mild TBI, GCS 14–15, 
those with negative CT head, and in the absence of other body system injuries or 
neurological deficits can be safely discharged [40, 54, 74, 75], though some authors 
caution that these early discharge guidelines should only be applied to patients with 
GCS 15 [76] due to significant clinical heterogeneity and poorer clinical outcomes 
of patients with GCS of 14 [77]. However, given the risk of delayed intracranial 
bleed in patients on anticoagulant therapy with mild TBI, particularly those on war-
farin with an INR >3.0, a period of observation is warranted, followed by repeat CT 
scan for any new symptoms in order to identify delayed intracranial bleeding [23, 
25, 78].

 Pearls

• Use clinical decision rules to identify patients at low risk for clinically significant 
intracranial lesions.

• Patients with a negative initial CT scan, GCS of 15, and no coagulopathy can be 
safely discharged.

• Patients with moderate TBI with negative initial CT scan should be admitted to 
a facility with neurosurgical expertise.

• Patients on anticoagulant therapy, particularly with an elevated INR, have higher 
risk of delayed bleed.

 Pitfalls

• GCS of 13 and 14 tend to be different from GCS 15 and can have poorer clinical 
outcomes even with a negative initial head CT

• Patients with GCS 9–13 and negative initial CT have a relatively high rate of 
morbidity and should be admitted to a center with specialty expertise
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4Seizure Activity

Claire S. Jacobs and Imoigele P. Aisiku

 Case Presentation

A 66-year-old man with a history of small bowel adenocarcinoma s/p distant resec-
tion and chemotherapy, hypertension, hyperlipidemia, diabetes, neuropathy, and 
chronic pain managed by his primary care physician with oral narcotics was brought 
in by ambulance after being found unresponsive by his wife, 3 h after last seen well. 
Vital signs are BP 138/79, HR 87, RR 20, and SaO2 95% on room air. On exam, he 
was drowsy, looking around the room but aphasic with no speech production, not 
following commands, and diffuse weakness possibly more marked on the right. The 
family was not at the bedside.

A Code Stroke was activated. The NIH stroke scale score was 10. The following 
labs were sent: finger-stick glucose; basic metabolic panel with calcium, magne-
sium, and phosphorus: complete blood count (CBC); liver studies; PT/INR; and 
urine and serum toxicology. Emergent CT and CT angiogram of the head and neck 
were obtained and were negative. An MRI brain was incomplete because he was 
unable to stay still or follow commands, but the DWI and ADC sequences did not 
show acute infarct. A bedside EEG was negative for seizure but did show diffuse, 
bilateral theta/delta slowing. His wife arrived and said he had started using “mari-
juana” for pain relief, as he was worried about opioid addiction if he used the pre-
scribed narcotics. Per phone, the patient’s son stated that his father had started using 
synthetic cannabinoids purchased on the Internet. Over 2 h following his arrival, the 
patient’s motor deficits resolved, and there was interval improvement in language 
(following commands, spontaneous, fluent speech), though he remained inattentive 
and perseverative. He was transferred to the ED observation unit and monitored 
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until he returned to his cognitive baseline. He was diagnosed with acute toxic 
encephalopathy due to synthetic cannabinoid use, advised to avoid these substances, 
and referred to a pain specialist.

This case highlights many of the challenges presented by workup and manage-
ment of patients presenting with paroxysmal changes in mental status, sensory, or 
motor function. The differential for these cases is broad, and the acuity of interven-
tion demanded depends on the suspected etiology. This patient was initially assessed 
for emergency conditions such as intracranial hemorrhage, ischemic infarct, cardiac 
emergencies, and seizure and the working diagnosis adjusted in response to his 
evolving clinical picture and available data.

This chapter will discuss seizures and seizure mimics and the evaluation of 
patients presenting with possible seizure and address important points in the history, 
exam and evaluation that may distinguish seizures from seizure mimics, and finally 
the management of status epilepticus.

 Seizures and Epilepsy

A seizure is an involuntary change in behavior or neurological function due to abnor-
mal cortical neuronal activity. Epilepsy is a chronic disorder characterized by 
repeated unprovoked seizures. In the United States, up to 10% of the population will 
experience seizure during their life, and seizure accounts for 1–2% of annual emer-
gency room visits [1, 2]. In 2010, the International League Against Epilepsy (ILAE) 
published a revised seizure and epilepsy classification scheme based on clinical sei-
zure appearance and EEG findings (Table 4.1) and is expected to publish an updated 
version in 2017 [3] (updates will be available at http://www.ilae.org/Visitors/Centre/
Definition_Class.cfm). The clinical symptoms and presentation of a seizure (i.e., 
the semiology) are related to the area of cortex and networks involved [4–6]. Patients 
with epilepsy experience stereotyped events, i.e., aura and semiology do not vary 
substantially from seizure to seizure. Auras may present as nausea, anxiety/fear, 

Table 4.1 Seizure classification [3]

Focal seizures without 
dyscognitive features 
(simple partial)

Focal seizures with dyscognitive features 
(complex partial)

Primary 
generalized 
seizures

Focal motor Evolved from focal seizure without dyscognitive 
features

Absence

Focal sensory Dyscognitive features at onset Myoclonic
Psychic symptoms Focal without dyscognitive features evolving to 

generalized
Clonic

Somatosensory Focal with dyscognitive features evolving to 
generalized

Tonic

Autonomic symptoms Focal without dyscognitive features evolving to 
focal with dyscognitive features evolving to 
generalized

Tonic-clonic

Atonic
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“epigastric rising” sensation, déjà vu, visual distortions, or auditory or olfactory hal-
lucinations (typically an unpleasant smell, e.g., rotten eggs). Witnesses may report 
stereotypic motor activity and/or dyscognitive features or impaired awareness, like 
cessation of activity, staring, aimless walking, or purposeless automatisms (picking 
at clothes or bedsheets, lip smacking). Focal seizures (previously partial seizures) 
refer to seizures “originating within networks limited to one hemisphere”; the seizure 
may remain limited to that hemisphere or can secondarily generalize [3]. Focal sei-
zures are further classified depending on whether they occur without (focal seizure 
without dyscognitive features, i.e., without impaired awareness, previously called 
simple partial seizure) or with (focal seizure with dyscognitive features, i.e., with 
impaired awareness, previously called complex partial seizure) associated changes in 
mental status or awareness. The term “dyscognitive features” refers to impaired 
awareness or any change in consciousness or level of arousal, such as staring or 
decreased responsiveness. Loss of consciousness (LOC) occurs only if the seizure 
secondarily generalizes. Focal seizures are usually limited to 3 min or less, with rapid 
return to baseline following a focal seizure without dyscognitive features. Patients 
may experience headache, confusion, fatigue, or somnolence for an hour after a focal 
seizure with dyscognitive features.

Generalized seizures result from abnormal neuronal electrical discharges “orig-
inating at some point within, and rapidly engaging, bilaterally distributed networks” 
[3]. They often have an underlying genetic etiology. Generalized seizure types are 
absence, myoclonic, tonic, tonic-clonic, and atonic seizures.

Absence seizures: characterized by brief suspension (5–15 s) of motor activity 
and may present clinically as subtle staring episodes or a pause in conversation with 
subsequent return to normal activity with no memory of the event. They almost 
always start in childhood and typically remit by adolescence but may persist into 
adulthood.

Myoclonic epilepsy: quick, jerking movements (typically upper extremity flex-
ors), often shortly after waking from sleep. Patients may be undiagnosed until they 
suffer a GTC and undergo EEG.

Generalized tonic-clonic seizures (GTC): tonic extension, sometimes with a 
“startled cry” at onset (involuntary respiratory muscle contraction) that progresses 
to rhythmic, synchronized clonic jerking of extremities before gradually slowing to 
a stop, followed by a postictal period. Patients may have generalized seizures that a 
primarily clonic or primarily tonic in nature.

Atonic seizures: sudden loss of tone, often result in falls and injuries.
Provoked seizures: provoked seizures occur in the presence of one or more fac-

tors that lower the seizure threshold and make a patient more susceptible to seizure. 
This can occur in patients with or without underlying epilepsy. Provoked seizures 
generally present as GTCs, though focal onset can occur in the setting of preexisting 
neurological injury. Diagnosing provoked seizures is critical, as treatment primarily 
involves addressing and correcting (when possible) the underlying provoking factor. 
Patients may require symptomatic, short-term treatment with an AED but do not 
typically require long-term AED therapy. Common provoking factors are listed in 
Table 4.3.
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Status epilepticus (SE): traditionally defined as prolonged seizure or seizure 
cluster without return to baseline for at least 30 min. Mortality ranges from 7 to 
40%, with worse outcomes predicted by generalized SE, longer duration, older 
patient age, and concomitant conditions such as stroke, CNS infection or malig-
nancy, or anoxic brain injury [7]. Complications include hypoxia, hypotension, 
acidosis, hyperthermia, rhabdomyolysis, and neuronal injury. Early and aggres-
sive pharmacological intervention and a collaborative approach involving the 
emergency room team, the neurologist, and the admitting service promote a suc-
cessful outcome.

A revised operational definition of SE, aimed at lowering morbidity and mor-
tality rates, is seizure lasting longer than 5 min or two or more seizures without 
return to baseline [7, 8]. SE can present with focal seizures with or without dys-
cognitive features, generalized tonic-clonic seizures, absence seizures, or noncon-
vulsive subclinical seizures. Most cases in patients with epilepsy are due to 
medication changes or missed medication doses and due to stroke or other acquired 
brain injury in patients without underlying epilepsy. Refractory SE (RSE) is a seri-
ous potential complication for all patients with SE and is operationally defined as 
ongoing clinical or electrographic seizures despite adequate initial benzodiaz-
epine doses followed by a second acceptable AED.

 Differential Diagnosis

The differential for paroxysmal change in mental status extends beyond seizures, 
and a partial list is shown below [9–12]:

• Epileptic seizure
 – Provoked
 – Unprovoked

• Cardiovascular event
 – Stroke or transient ischemic attack (TIA)
 – Syncope/presyncope, convulsive syncope
 – Arrhythmia

• Psychiatric etiology
 – Psychogenic non-epileptic spell
 – Panic attack
 – Dissociative fugue

• Transient global amnesia (TGA)
• Migraine headache +/− migraine aura
• Cortical spreading depression from SAH/CAA
• Metabolic disturbances (drugs, pharmaceuticals)
• Movement disorders

 – Tic
 – Essential myoclonus

• Sleep disorders
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Stroke and transient ischemic attack (TIA) are neurological emergencies that 
can present with paroxysmal-altered mental status or new focal neurological com-
plaints or deficits. They can present with sensory or motor deficits, complaints of 
feeling vertiginous or “off,” or change in level of awareness. Stroke and TIA more 
commonly cause neurological deficit (negative symptoms such as weakness, numb-
ness), while seizures are more often associated with positive motor or sensory 
symptoms (twitching, paresthesias).

Syncope and presyncope are common seizure mimics, particularly in older 
patients, that result from decreased cerebral perfusion often due to volume status, 
cardiac etiologies, or dysautonomia (e.g., vasovagal or orthostatic hypotension) 
[11]. Suggestive features on history include hypertension, coronary artery disease, 
chest pain, anemia, neuropathy, Parkinson disease, multisystem atrophy (MSA) or 
postural orthostatic hypotension, or family history of sudden death. Events may be 
presaged by a prodrome including light-headedness, dimming or “tunnel” vision, 
hearing decrease, nausea, or diaphoresis, and witnesses may notice diaphoresis and 
pallor at onset. Triggers include sudden postural changes (e.g., sitting to standing), 
prolonged standing, exercise, particularly in hot weather, fits of coughing, straining 
with a bowel movement, micturition, or exposure to a painful stimulus. Syncopal 
events are brief in duration once cerebral perfusion is restored, and patients regain 
consciousness within seconds and do not experience persistent somnolence, confu-
sion, or focal deficits. Patients lose postural tone during the event, though in the 
case of “convulsive syncope,” witnesses may describe ~15 s of small amplitude, 
multifocal “shaking” or “jerking” after LOC; these movements are not epileptic in 
origin [13, 14].

Psychogenic non-epileptic seizures (PNES, previously “pseudoseizures”) are 
spells clinically resembling seizures but without underlying abnormal electrical 
activity [15]. There is a female predominance, and patients may have a history of 
post-traumatic stress disorder, depression, or abuse [16, 17]. It is critical to note that 
PNES is not malingering but is a functional neurological disorder more akin to con-
version disorder or a dissociative spell [18]. Differentiating PNES from epileptic 
seizures can be difficult, and diagnosis often requires referral to a neurologist for 
routine and video EEG monitoring [15, 19]. Patients may report persistent or 
increasing spell frequency or duration despite uptitration of AEDs. PNES spells 
may differ from epileptic seizures in that they may last longer, have waxing/waning 
severity, result in bite on the tip of the tongue, and involve unsynchronized or bilat-
eral convulsions with preserved consciousness and often closed eyes (rather than 
open, as with epileptic events). Involving a neurologist is instrumental in the diag-
nostic process, and care of these patients often involves a multidisciplinary approach, 
including neurology, psychiatry, social work, etc.

Transient global amnesia (TGA): an acute-onset, self-limited amnesia (antero-
grade with a small recent retrograde component) clinically characterized by normal 
exam and behavior except for a state of “bewilderment” with repetitive questioning 
(e.g., “what happened?” and “why am I here?”). Patients are oriented to self only, and 
the symptoms resolve over 24 h or less with patients regaining the ability to form new 
memories. Though the period to which they are amnestic shrinks, it does not entirely 
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resolve. Triggers include physical exertion or an intense emotional experience, such 
as a heated quarrel with a spouse. MRI imaging within 24–48 h after onset may show 
a punctate hippocampal lesion on DWI, but the diagnosis is clinical and not based on 
laboratory or MRI results [20]. Management involves frequent reorientation and 
observation over time until they have returned to baseline. Patients with significant 
vascular risk factors or atypical presentation merit stroke workup.

Migraine can present as headache alone, aura alone (acephalgic migraine), or 
“classic migraine” with aura preceding headache. The exam and laboratory studies 
are normal, though patients with hemiplegic migraine can experience unilateral sen-
sory or motor symptoms involving the face and extremities, visual symptoms, apha-
sia, dysarthria, or mild confusion. Headache can precede or follow other symptoms 
or may be absent, and complete resolution can take up to 24  h [21]. Cortical 
spreading depression due to cortical irritation by subarachnoid blood due, e.g., to 
subarachnoid hemorrhage (SAH) from cerebral venous sinus thrombosis or fragile 
vessels as in cerebral amyloid angiopathy (CAA) can present with abnormal motor 
or sensory phenomena [22, 23]. Diagnosis is based on clinical history and imaging 
studies showing subarachnoid blood.

Movement disorders: tics, dystonia, or essential myoclonus present with pre-
served consciousness and stereotyped, repetitive movements.

Sleep disorders: drop attacks (narcolepsy-cataplexy), REM behavior disorders 
involving complex motor movements related to acting out a dream that cease when 
the patient is woken up, or hypnagogic jerks.

 History

Separating epileptic seizure from seizure mimics can be challenging. The patient’s 
medical history, medication list, and a firsthand description from a witness to the 
event are crucial [10]. Accurate diagnosis is critical to providing appropriate man-
agement, and diagnosis relies on information obtained by frontline providers 
(Table 4.2).

Key points in the history:

• Clinical prodrome? Seizure: patients may experience an antecedent, short-lived 
aura or focal neurological symptoms, though patients may not recall the event 
itself. Syncope: prodrome of several minutes to hours and witnesses may notice 
the patient becoming pale or diaphoretic. Migraine auras: stereotyped, last sev-
eral minutes to an hour, and may or may not be accompanied by headache.

• Paroxysmal onset? What was the patient doing at time of onset? What was the 
pace of symptom evolution? Seizure is characterized by rapid onset of aura or 
clinical signs. Presyncope/syncope is typically characterized by rapid clinical 
change with the event. With cerebrovascular events (TIA, stroke, SAH), the pace 
is typically acute as well.

• Is this the first such event? Patients and families may not be aware of prior epi-
sodes or recognize their significance. Ask about a history of febrile seizures in 
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Table 4.2 (Adapted from [12]) Distinguishing Seizure from Seizure Mimics

Seizure Syncope
Psychogenic non-epileptic  
seizures (PNES)

Prodrome Brief Minutes to hours 
light-headedness, 
nausea, chest pain, 
palpitations, diaphoresis, 
or feeling warm

Variable

Onset Paroxysmal, +/− aura Paroxysmal over seconds Variable
Prior 
episodes?

+/− +/− +/−

Event 
description

Seconds to 3 min
Eyes open
+/− head deviation
+/− gaze deviation
+/− lateral tongue 
bite
+/− urinary 
incontinence
Synchronized body 
movements

Diaphoretic, pale at start
Sudden loss of postural 
tone
+/− brief jerking with 
LOC

Variable, often prolonged (>3 min)
+/−crescendo/decrescendo periods
Head side-to-side movements
Eyes closed
+/− tongue bite on tongue tip
Asynchronous body movements
Unusual movements, e.g., pelvic 
thrusting
Interactive/responsive during 
episode

Triggers? Sleep deprivation
Systemic illness/fever
Menses
Excess alcohol
Recreational drug use
Increased stress
AED nonadherence
Recent med changes

Dehydration
Prolonged exercise in 
warm weather
Prolonged standing
Sudden postural change
Micturition, straining 
with bowel movement
Dramatic fluid or 
electrolyte shifts (e.g., 
hemodialysis)

+/− acute stressor in history

Return to 
baseline

Delayed
Postictal somnolence 
and confusion
Limited recall of 
event and moments 
before clinically 
apparent
+/− postictal 
headache
+/− postictal 
paralysis

Rapid once trigger 
removed
Preserved recall up to 
LOC

Variable, may be prolonged

Relevant 
past 
history

FHx sudden cardiac 
death
Cardiac history
Hypertension
Chronic kidney disease
  – Hemodialysis
  – Recent/missed HD 

sessions
Diabetes
Infection
Drug/alcohol use

Mood disorder
Psychiatric history
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childhood, episodes of myoclonic jerking as a teenager or young adult, odd “epi-
sodes” during sleep, nocturnal urinary incontinence, finding a new tongue or 
cheek bite on waking, unusual fatigue and grogginess on waking, bedsheets in 
disarray in the morning, staring episodes as a child or difficulties “paying 
 attention” in school, or sensitivity to flickering lights or shadows. Patients pre-
senting with syncope who have a prior history of similar events merit cardiovas-
cular evaluation.

• What did the event look like? Patients with epilepsy and/or their family members 
are often able to describe the event in detail and identify whether it differs signifi-
cantly from prior seizures. Patients with PNES may have several different spell 
types, and some but not all patients have insight into whether they are experienc-
ing a PNES spell. A thorough description of the event is critical for patients 
presenting with a first-time event. Descriptions such as “they had a seizure” or 
“her eyes rolled back” are not particularly helpful. Key points include focal onset 
versus generalized onset, sudden LOC accompanied by abnormal motor move-
ments, laterality of symptoms, head deviation, gaze deviation, and how the motor 
symptoms evolved over time (i.e., a period of stiffening followed by jerking 
movements that slowed down suggests a GTC). LOC with a few jerking move-
ments after standing up too quickly is likely convulsive syncope.

• Triggers for the event? Common seizure triggers are listed in Table  4.3. 
Patients with epilepsy are often well versed in their seizure triggers but may 
not be aware that some medications, such as antibiotics, can lower their sei-
zure threshold even in the setting of AED compliance. Commonly prescribed 
medications may trigger seizures with use or discontinuance. Benzodiazepine 
withdrawal, as an example, can provoke seizures, even in the absence of an 
underlying seizure disorder. Seizures related to ethanol are more likely during 
withdrawal rather than intoxication, so blood alcohol level (BAL) may be nor-
mal. Intoxication with alcohols such as ethylene glycol and methanol can pre-
cipitate seizures; these agents are not typically included on standard toxicology 
screens, so an elevated serum osmolality gap or abnormal arterial blood gas 
may be the only clue. Carbon monoxide poisoning can cause seizures gener-
ally only with carboxyhemoglobin levels >50%. Other common offenders 
include stimulants, such as cocaine, methamphetamine, and MDMA (3,4- met
hylenedioxymethamphetamine, aka ecstasy), but also newer, more heteroge-
nous substances such as “bath salts” (which may contain compounds structur-
ally similar to MDMA) or  synthetic cannabinoids (aka “K2” or “Spice,” 
among other names). The newer “synthetic” drugs are more commonly asso-
ciated with acute intoxication and due to ever-changing formulations and 
potencies that often evade detection on routine toxicology tests. Recognition 
of intoxication or drug abuse offers an opportunity to provide counseling on 
substance abuse in addition to guiding long-term seizure management. The 
clinician should be aware of regional and national recreational substances that 
may be en vogue. Presyncope/syncope event triggers include postural change, 
micturition, dehydration, or other fluid and electrolyte shifts (e.g., during 
hemodialysis).
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• Did the patient return to baseline after the event? How long did that recovery 
take? Generalized seizures and focal seizures with dyscognitive features are 
followed by a prolonged postictal state, and patients may report muscle sore-
ness. More dramatic postictal states can also occur, such as postictal motor 
paresis (“Todd paralysis”) mimicking a stroke or postictal psychosis. The 
most vulnerable patients are those who have transitioned from clinically 
apparent seizures, such as generalized tonic-clonic seizure, to more subtle 
seizures or nonconvulsive status. Look for clues like ongoing, minimal face 
or body movements without any sign of return to alertness. Post-syncope 
recovery is generally rapid (seconds to 1 minute). PNES spells often last 
longer than an epileptic convulsive seizure and may have several crescendo/
decrescendo periods.

Table 4.3 Common factors associated with provoked seizure (adapted from Table 2 [25])

Primary neurological 
triggers Systemic factors

Drugs that can cause seizure or 
lower seizure threshold

Head trauma
SAH/SDH/epidural 
hematoma
Neurosurgical intervention
Mass lesion
Venous sinus/cortical vein 
thrombus
Vascular malformation
Meningoencephalitis
CNS abscess
HIV encephalopathy
Hypertensive 
encephalopathy/PRES
Eclampsia

Sleep deprivation
Fever/systemic illness
Excess stress
Drug or alcohol intoxication/
withdrawal
Metabolic derangements:
  – Hypo- or hyperglycemia
  – Hyponatremia
  – Hypocalcemia
  – Hypomagnesemia
  – Hyperosmolar state
  – Hepatic encephalopathy
  – Uremia
  – Hyperthyroidism
  – Porphyria

Analgesics (meperidine, 
tramadol)
Anesthetics (bupivacaine, 
lidocaine, procaine, etidocaine, 
enflurane, sevoflurane)
Antibiotics (fluoroquinolones, 
TMP/SMX, penicillins)
Anticholinesterases 
(physostigmine, 
organophosphates)
Antidepressants (bupropion)
Antihistamines
Antipsychotics (phenothiazines, 
butyrophenones, clozapine)
Beta-blockers (propranolol, 
oxprenolol)
Chemotherapeutics (etoposides, 
ifosfamide, cis-platinum)
Cyclosporine, FK506
Glucose-lowering agents
Isoniazid
Methylxanthines (e.g., 
theophylline)
Narcotics (fentanyl, meperidine, 
pentazocine, propoxyphene, 
tramadol)
Phencyclidine
Sedatives (EtOH, 
benzodiazepines)
Stimulants (amphetamines, 
cocaine, ephedrine, ecstasy, 
terbutaline, 
phenylpropanolamine)
Synthetic marijuana, “bath salts”
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• Past medical history? Inquire about a personal or family history of develop-
mental delay (delay in meeting milestones, social or school difficulties), his-
tory of seizure, or other neurological or psychiatric disorders. Also ask about 
factors associated with increased risk of acquired seizures, such as head 
trauma (penetrating or closed, including traumatic brain injury), brain surgery 
and/or hardware in place, systemic or CNS malignancy, prior stroke, sub-
arachnoid or subdural hemorrhages, meningoencephalitis, and autoimmune/
inflammatory or paraneoplastic encephalitis [24]. A past medical history sig-
nificant for cardiovascular issues: chronic kidney disease, especially with 
recent hemodialysis treatment or missed dialysis treatments: diabetes: infec-
tion: drug or alcohol use; or recent medication changes can help narrow the 
differential.

 Physical Examination

• Vital signs
 – Tachycardia, bradycardia, or asystole
 – Blood pressure

Orthostatic hypotension
Hypertension

 – Temperature
Fever, rigors, rash, diarrhea, or other indications of infection

 – SaO2 and respiratory rate
Hypoxia or airway compromise

• Ongoing motor movements?
 – Generalized convulsions

Patient unresponsive; ongoing, subtle, or intermittent convulsions
Mentation

 – Focal movements
Subtle ongoing movements
Mentation abnormal vs. at baseline

• Focal neurological changes
 – Ongoing movements or weakness. Focal vs. unilateral
 – Sensory changes

Hemisensory, focal, or bilateral and symmetric
Positive (pain, paresthesias) or negative (numbness) symptoms

• Evidence of trauma related to event
 – Head trauma

Assess also for neck/spine trauma
 – Bruising, abrasions, lacerations, or burns

Assess for accompanying fractures or dislocations
• Overt evidence of pregnancy

 – Consider eclampsia or AED dosing issues
• Evidence of drug use
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The exam is most informative during or shortly after the event. Tachycardia and/
or hypertension may precede and accompany focal or convulsive seizures [26]. Less 
commonly, patients may experience bradycardia and even asystole [27]. Arrhythmia 
is more consistent with cardiogenic etiologies. Airway and oxygenation must be 
monitored, but intubation should be done judiciously. Patients who are postictal and 
somnolent may require oral suctioning and supplemental oxygen transiently but 
generally retain control of their airway. Consideration of intubation is recommended 
if there is clinical evidence of respiratory distress, hypoxia, altered mental status 
with respiratory depression, and escalating doses of benzodiazepines and is dis-
cussed further below [8, 28, 29]. Persistent focal neurological deficits, such as hemi-
paresis or hemisensory changes, suggest ischemic or hemorrhagic stroke, TIA, 
hemiplegic migraine, or postictal Todd paralysis. Patients experience powerful, sus-
tained muscle contractions with seizures and are at risk of injuries, such as vertebral 
or long bone fractures, dislocations, lacerations or burns, periorbital hematomas, 
subdural hemorrhages, or rhabdomyolysis.

 Emergency Department Workup

The following section presents recommendations from guidelines published by the 
American College of Emergency Physicians (ACEP) [30, 31], American Academy 
of Neurology (AAN) [32, 33], American Epilepsy Society (AES) [7], and the 
Neurocritical Care Society (NCS) [8]. The recommendation level (A, B, C, or U) is 
indicated where appropriate. The guidelines are periodically reviewed and updated, 
with the updated versions accessible through the websites of the above 
associations.

Laboratory studies: recommendations vary depending on the clinical situation, 
but laboratory studies can help evaluate for provoked seizure and guide treatment. 
The ACEP guidelines address evaluation of an otherwise healthy adult with new- 
onset seizure with return to normal neurological baseline, and they recommend 
serum glucose and serum sodium, as well as pregnancy test in a woman of child-
bearing age (as pregnancy may affect testing, disposition, and decisions in regard to 
antiepileptic medications) (Level B). AAN guidelines cite insufficient evidence to 
make recommendations for routine laboratory testing but do state that, in patients 
presenting with initial apparent unprovoked seizure, blood glucose, blood counts 
and electrolyte panels, and toxicology testing may be helpful (Level U). NCS 
guidelines for evaluation of patients presenting in status support finger-stick glu-
cose followed by blood glucose, CBC, basic metabolic panel with calcium (total 
and ionized) and magnesium, and AED levels (if appropriate), while additional 
studies, such as comprehensive toxicology testing (including toxins frequently 
associated with seizures), liver function tests, serial troponins, type and screen, 
coagulation studies, ABG, and testing for inborn errors of metabolism, should be 
considered based on the clinical presentation. The AES’ suggested treatment algo-
rithm for patients presenting with status epilepticus includes similar laboratory 
studies as the NCS, including finger-stick glucose, serum electrolytes, CBC, 
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toxicology screening, and AED levels. In practice, laboratory testing should be 
informed by published guidelines but tailored to each individual patient.

Convulsive seizures may cause a mild leukocytosis and modestly elevated lactate 
and creatine kinase (CK). These values normalize rapidly, so significantly or persis-
tently abnormal values or concerning features on exam, such as a focal neurological 
deficit, should prompt additional investigation. Serum prolactin level is normal fol-
lowing a non-epileptic event but may be elevated following a focal seizure with 
dyscognitive changes or GTC if measured within 20  min of the event. Of note, 
serum prolactin has low sensitivity and low negative predictive value for seizure, so 
the AAN warns against using serum prolactin to distinguish PNES from epileptic 
seizure. Additional labs should be guided by the clinical presentation.

Antiepileptic levels: for patients with known seizure disorder, decisions about 
AED adjustment are partially dependent on whether a seizure trigger is identified. 
A serum AED level should be checked (if applicable) in epilepsy patients presenting 
with seizure, but the clinically effective level varies for each patient; a nominally 
“low” level does not necessarily indicate nonadherence, and toxicity is diagnosed 
based on clinical evidence of toxicity rather than the serum level. Some AED levels 
do not result quickly enough to be useful in the acute setting but will be helpful dur-
ing outpatient follow-up. Table 4.4 lists common AED side effects and relevant lab 
studies [34].

 Neuroimaging

Neuroimaging studies should be guided by the clinical presentation, and the imag-
ing modality depends on the question one would like to answer. Abnormal imaging 
findings are more likely in patients with altered mentation and focal deficits on 
exam or in patients who have experienced a focal seizure. CT imaging is more 
appropriate for unstable patients or to evaluate rapidly for potential intracranial 
catastrophes. MRI is more sensitive and can detect subtle structural abnormalities, 
such as a focal developmental lesion or mesial temporal sclerosis, but is dependent 
on patient’s ability to follow commands and tolerate a longer study. Many centers 
have MRI protocols for first-time seizure workup that include coronal thin cuts 
through the medial temporal lobes to assess for hippocampal sclerosis; discussion 
with a neuroradiologist and/or a neurologist can facilitate selection of the most 
appropriate imaging study or sequences for a particular patient.

For a patient with new-onset seizure who has now returned to baseline, ACEP 
recommends a CT head in the ED whenever an acute intracranial process is sus-
pected, if there is a history of acute head trauma, history of malignancy, immuno-
compromised, fever, persistent headache, history of anticoagulation or a new focal 
neurological finding on exam, age above 40 years, or focal onset before generaliza-
tion (based on a 1996 multidisciplinary clinical policy for neuroimaging in first- 
time seizure patients) [30]. Neuroimaging may be deferred to the outpatient setting 
after a first-time seizure in patients who are alert and have returned to baseline and 
if reliable follow-up is available (Level B). AAN guidelines state that brain imaging 
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Table 4.4 Side effects and indicated labs for common AEDs [34]

AED Common SEs Serious SEs

Goal serum levels 
(mg/L) and/or 
contraindications (CI)

Benzodiazepine Drowsiness
Nystagmus
Ataxia
Dysarthria

Withdrawal seizure
Respiratory depression

Phenytoin/
fosphenytoin

Ataxia
Encephalopathy
Gingival hyperplasia
Coarsening of facial 
features
Osteoporosis

Hepatic failure
Serum sickness
Lupus syndrome
Dermatitis
Neuropathy
Hirsutism

15–25 mg/L total or 
1.5–2.5 mg/L (free)

Phenobarbital Somnolence
Dizziness
Mood changes
N/V

Agranulocytosis
SJS/TEN
Hepatic failure
Thrombophlebitis
Thrombocytopenia
Osteopenia

15–50 mg/L
CI:
Porphyria
Hepatic disease
Respiratory distress or 
obstructive disease

Valproate Weight gain
Alopecia
Peripheral edema
N/V/constipation
Ataxia, tremor, 
nystagmus, diplopia

Agranulocytosis
Thrombocytopenia
Aplastic anemia
SJS/TEN
Hepatic failure 
Hyperammonemia
Pancreatitis
Ototoxicity

50–100 mg/L

Levetiracetam Somnolence, 
irritability/mood 
changes, N/V

Pancytopenia
Hepatic failure
SJS/TEN
Suicidality

25–60 mg/L

Lamotrigine Ataxia, dizziness, 
diplopia, tremor, N/V

SJS/TEN
Renal or hepatic failure
DIC
Aseptic meningitis

2–20 mg/L

Carbamazepine Hyper/hypotension
N/V, dizziness, 
diplopia, nystagmus

AV block, CHF
SJS/TEN
Aplastic anemia
Agranulocytosis
Angioedema
Hepatitis
Acute renal failure
Acute intermittent 
porphyria
Hypocalcemia
Hyponatremia

4–12 mg/L
CI:
Hx bone marrow 
suppression
MAOI in last 14 days
Hypersensitivity to 
TCAs
Consider test for 
HLA-B*1502 prior to 
initial dose

Oxcarbazepine Ataxia, diplopia, 
nystagmus, vertigo

Hyponatremia
SJS/TEN
Angioedema
Pancytopenia

15–35 mg/L

(continued)
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with either CT or MRI should be considered in adults presenting with apparent 
unprovoked first seizure (Level B). Acute CT head is indicated in epilepsy patients 
if the presenting seizure (1) has a different semiology than their typical seizures, (2) 
is prolonged (longer than 5 min), and (3) is followed by an unusually prolonged 
postictal period or for new findings on neurological exam [32].

A follow-up MRI brain should be performed for suspected but incompletely 
characterized lesions on CT, cases of focal onset or focal exam findings and nega-
tive CT, or for epilepsy patients presenting with a new seizure semiology and nega-
tive CT head. For medically stable patients who are at their baseline, MRI brain may 
be performed instead of a CT head (if an MRI can be performed in a timely fashion 
prior to discharge from the ED). Immunocompromised patients who present with 
seizure should undergo MRI brain to evaluate for opportunistic infections, such as 
toxoplasmosis, cytomegalovirus (CMV), tuberculosis, Cryptococcus, or progres-
sive multifocal leukoencephalopathy (PML), or for primary CNS lymphoma.

Lumbar puncture: lumbar puncture (LP) is a helpful test to evaluate for SAH, 
inflammatory processes, or CNS infections, which can present in an atypical fash-
ion in neonates, the elderly, or those who are immunocompromised. The AAN 
guidelines state there is insufficient evidence to recommend or refute routine LP in 
patients presenting with first seizure but that it may be helpful in specific clinical 
circumstances, such as fever. ACEP guidelines point to the lack of evidence 

Table 4.4 (continued)

AED Common SEs Serious SEs

Goal serum levels 
(mg/L) and/or 
contraindications (CI)

Topiramate Anorexia
Weight loss 
Paresthesias 
Somnolence
Cognitive dulling

Renal calculi
Oligohidrosis
Hyperthermia
Metabolic acidosis
Acute myopia and 
secondary angle- closure 
glaucoma

Gabapentin Somnolence
Dizziness, nystagmus
Peripheral edema
Myalgias
Rarely myoclonus

SJS
Seizure
Coma

Clobazam Somnolence or 
insomnia
Hypersalivation
Ataxia or dizziness
Seizures

Respiratory depression
SJS/TEN

CI:
Significant hepatic 
failure
Acute narrow- angle 
glaucoma

Lacosamide Diplopia
Dizziness
Headache

Prolonged PR interval
AV block
Syncope
Hypersensitivity reactions
Suicidal behavior

CI:
Severe hepatic 
impairment or cardiac 
disease
AV block

Of note, this table does not include several newer AEDs

C.S. Jacobs and I.P. Aisiku



73

supporting LP in patients who are alert, oriented, afebrile, and not immunocompro-
mised but do recommend (Level B) LP (after CT head) in patients with immuno-
compromised and first-time seizure, even if they are afebrile. LP often causes 
leptomeningeal signal change on MRI, and so if emergent MRI is planned, consider 
delaying LP until after MRI.

 EEG

The AAN recommends routine EEG in adults with apparent unprovoked first sei-
zure for both diagnostic and prognostic yield (Level B): the timing of this is not 
specified in the practice parameters, though there is evidence in children to suggest 
that EEG within 24 h of presenting seizure gives higher yield of significant abnor-
malities [32, 35]. Tracing of varying types of seizures is shown in Fig. 4.1. The 
guidelines reviewed 11 articles that assessed the yield of routine EEG and found 
that EEGs were read as abnormal in 12–73% (average 51%) due to epileptiform 
activity (sharp or spike waves). It should be noted that a normal EEG does not 
exclude seizure or epilepsy, so a single routine EEG is part of the diagnostic workup 
but must be interpreted in the clinical context of the patient. EEG also has prognos-
tic value. Meta-analysis of data on 1799 patients is included in the AAN guidelines, 
and an estimated posttest probability of seizure recurrence was 49.5% in patients 
with epileptiform EEG abnormalities, compared to 27.4% for those with a normal 
EEG. There was no increased risk of seizure recurrence with nonspecific abnormali-
ties commonly seen on EEG, such as focal or diffuse slowing. The ACEP guidelines 
provide a Level C recommendation for emergent EEG in patients suspected of 
being in nonconvulsive SE or subtle convulsive SE, who have received a long-acting 
paralytic or are in a drug-induced coma [30]. This recommendation is based on the 
utility of EEG in assessing for acute confusional state/delirium, behavioral changes, 
or encephalopathy due to ongoing seizures, as well as the increased mortality asso-
ciated with duration of and delay in diagnosis of nonconvulsive SE. These guide-
lines should be interpreted in the clinical context of each patient and with the 
understanding that EEG is only a component of the evaluation of patients with per-
sistent altered mental status.

 First-Time Seizure

The AAN/AES issued guidelines on evaluation of unprovoked first seizure in adults 
in 2007 and management of unprovoked first seizure in adults in 2015 [32, 33]. For 
patients presenting with an apparent unprovoked first seizure, the goals of evalua-
tion are to determine how likely it is that the event was a seizure and the cause (if 
any). The conclusion and recommendations are to consider routine EEG for diag-
nostic and prognostic purposes (Level B) and to consider brain imaging with CT or 
MRI (Level B). Decisions about laboratory studies (electrolytes, CBC, LP, toxicol-
ogy studies) should be driven by each individual case, as there are insufficient data 
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to support or refute their routine use (Level U). The guidelines support careful his-
tory, physical and neurological exam for their diagnostic and prognostic value, and 
potential impact on treatment decisions.

EEG is helpful for treatment and prognosis. For adults with unprovoked first 
seizure, the greatest risk of recurrence is within the first 2 years (21–45%) but par-
ticularly the first year, with increased risk associated with prior brain lesion or insult 
causing the seizure (Level A), an EEG with epileptiform abnormalities (spike or 
sharp waves) (Level A), significant abnormality on brain imaging (Level B), or 
nocturnal seizure (Level B) [33]. The risk of recurrence is likely reduced in the first 
2 years in those treated with an AED, but treatment is unlikely to improve chance of 
sustained remission over the longer term (beyond 3 years). Thus, the decision about 

a b

c

e
f

d

Fig. 4.1 A sample of EEG records. (a) Seizure with generalized onset that is initially best seen 
over the left hemisphere before switching to the right hemisphere. The single-lead EKG (tracing in 
red at the bottom) shows rapid transition over a few seconds of seizure onset from a normal sinus 
rhythm to tachycardia at 150 bpm. (b) Focal seizure onset best seen in leads over the left occipital 
lobe with evolution over the course of this clip. (c) Ongoing seizure most prominent in the left 
parasagittal leads with evolution to involve the entire left hemisphere by the end of the clip. (d) At 
a later point, the seizure shows evolution to slower rhythmic discharges that are more obvious in 
the left hemisphere but with synchronous slow discharges on the right. At the right-hand side of 
this clip, the seizure abruptly ends with postictal suppression. (e) This patient presented with con-
fusion and hypertension and was diagnosed with hypertensive encephalopathy. The record shows 
bursts of irregularly shaped delta slowing on an abnormally slow background and is consistent 
with an encephalopathic patient. (f) Burst suppression: this record from a patient in the ICU shows 
brief bursts with several seconds of suppression
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whether to start an AED must be made in the context of the history, data such as 
imaging and EEG, clinical suspicion, the patient’s social circumstances, and avail-
ability of outpatient neurology follow-up.

 Pharmacological Management of Status

SE management depends on dual supportive treatment and pharmacological treat-
ment aimed at ending seizure activity. The Neurocritical Care Society (NCS) 2012 
guidelines for evaluation and management of status epilepticus includes data on SE 
patient outcomes and outlines a treatment protocol that includes supportive care and 
pharmacologic steps [8]. The AES issued updated guidelines in 2016 for treatment 
of convulsive status epilepticus [7]. Figure 4.2 provides a schematic representation 
of the treatment discussed in the NCS and AES guidelines but schematically repre-
sented as the three treatment phases presented in the NCS guidelines: “emergent 
initial therapy,” “urgent control therapy,” and “refractory therapy.” The NCS and 
AES guidelines employ the revised operational definitions of status (SE) and refrac-
tory status epilepticus (RSE) (see below).

Revised operational definition of SE: seizure lasting longer than 5 min or two or 
more seizures without return to baseline.

AED: pick one
Lorazepam: 0.1 mg/kg IV (max 4 mg/dose), can repeat in 
5-10 min
No IV access:
Midazolam: 10 mg IM (use IV solution), or 
intranasal/transbuccal
Diazepam: 20 mg rectally (w IV solution)

AED: may be used in combination
Fosphenytoin: 20 PE/kg IV at 100-150 PE/min
Phenytoin: 20 mg/kg IV at 25-50 mg/min
-> if needed, can rebolus fosphenytoin 10 PE/kg or phenytoin
10 mg/kg IV  

Phenobarbital: 20 mg/kg IV at 50-100 mg/min
Valproate sodium: 20-40 mg/kg IV at 10 mg/kg/min
Levetiracetam : 1500-3000 mg IV over 15-20 min
Lacosamide: 100-400 mg IV

AED: can be used in combination, and with ongoing bolus 
treatment
Midazolam: 0.2 mg/kg IV q5min until seizures stop, then 2 
mg/min gtt 
Propofol: 1-2 mg/kg load q5min until seizures stop (max 10 
mg/kg), then 1-10 mg/kg/h
Pentobarbital: 5 mg/kg load, repeat q5min until seizures 
stop, then 1-10 mg/kg/h at < 50 mg/min
Thiopental: 2-7 mg/kg at <50 mg/min

Non-invasive airway protection, head positioning
Vital signs: SaO2, BP, HR, EKG
Intubate if airway/exchange compromised or c/f elevated ICP
POC glucose

Peripheral IV access:
- Emergent initial AED therapy
- Nutrient resuscitation (thiamine 100 mg IV before dextrose if hypoglycemic)
- Vasopressor if SBP < 90mmHg or MAP < 70
- +/- Fluid rescuscitation 
- Labs: CBC, BMP, Ca, Mg, Phos, LFT, troponin, urine and serum toxicology,   

HCG (in females), blood culture (esp if febrile), AED levels if pt taking AEDs,
ABG if indicated  

Continue diagnostic testing (depending on clinical presentation):
MRI brain if possible, otherwise CT head
LP based on clinical suspicion

Review lab results, address abnormal values
Send serum AED levels:

Continue diagnostic testing:
MRI brain if possible now
Continuous EEG

Intubate if not
already done 

Emergent initial period: 0-5 min

Refractory Status Epilepticus: > 30 min 

Urgent Control Period: 5-30 min

Fig. 4.2 Schematic for evaluation and management of SE. Suggested management strategy for 
patients presenting with SE (adapted from [7, 8, 25])
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Revised operational definition of refractory SE (RSE): ongoing clinical or elec-
trographic seizures despite adequate initial benzodiazepine doses followed by a sec-
ond acceptable AED.

 Pharmacological Treatment of SE

The below recommendations, tables, and graphic are adapted from the NCS 2012 
and AES 2016 guidelines [7, 8]. Trial data to determine the optimal doses are lack-
ing and prospective studies limited by ethical concerns, so recommendations are 
based on observational data and expert opinion (please see guidelines cited above 
and references therein, including [36, 37]) (Table 4.5).

 Emergent Initial Therapy

Both evidence and expert opinion support benzodiazepines as first-line agents for 
emergent initial therapy. Lorazepam IV or diazepam IV are preferred, but if there 
is no IV access, IM midazolam is equivalent as a first-line agent. The Rapid 
Anticonvulsant Medication Prior to Arrival Trial (RAMPART) sets out to investi-
gate whether results of prehospital treatment with IM midazolam would be non- 
inferior to IV lorazepam, as determined by proportion of patients with termination 
of clinically evident seizure on arrival to the ER after a single dose of study medica-
tion and without the use of rescue medication; the study showed that IM midazolam 

Table 4.5 Pharmacologic options by phase of treatment based on NCS and AES guidelines for 
SE [7, 8]

NCS guidelines 
phases of 
therapy AED options by phase

2016 AES 
guideline phases 
of therapy AED options by phase

Emergent 
initial

Lorazepam IV
Midazolam IM
Diazepam IV or PR

Initial therapy 
phase, 5–10 min 
after presentation

Lorazepam IV
Midazolam IM
Diazepam IV
(Phenobarbital IVa,
Diazepam PRa, midazolam 
nasala)

Urgent 
control

Phenytoin/fosphenytoin IV
Phenobarbital IV
Valproate sodium IV
Levetiracetam IV
Midazolam gtt

Second therapy 
phase,
20–40 min after 
presentation

Fosphenytoin IV
Valproic acid IV
Levetiracetam IV
(phenobarbital IVa)

Status 
epilepticus

Midazolam IV and gtt
Propofol IV and gtt
Pentobarbital IV

Third therapy 
phase, 40–60 min 
after presentation

Repeat dose of second-line 
therapy or anesthetic dose 
of:
Thiopental, midazolam, 
pentobarbital, or propofol

aIndicates alternatives if preferred agents are not available
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was superior to IV lorazepam for prehospital treatment of SE by paramedics [38, 
39]. The 2016 AES guidelines found that IV PHB, IV lorazepam, IV diazepam, or 
IM midazolam is efficacious in seizures lasting at least 5 min but that IV lorazepam 
is more effective than IV PHB in seizures lasting at least 10 min. There was no dif-
ference in efficacy between IV lorazepam followed by IV phenytoin, IV diazepam 
with phenytoin followed by IV lorazepam, and IV PHB followed by IV phenytoin. 
The NCS recommends that, if the abovementioned benzodiazepines are not avail-
able, additional initial therapy options are diazepam PR, midazolam intranasal, 
midazolam buccal, or phenobarbital (PHB) IV. Benzodiazepines and PHB carry 
the risk of respiratory depression and/or hypotension, and patients must be ade-
quately monitored.

 Urgent Control Therapy

Urgent control therapy is required in SE following benzodiazepine administration, 
with the exception of cases where the immediate cause of SE is identified and cor-
rected with resolution of seizures, e.g., hypoglycemia. The goals of urgent control 
therapy are (1) rapidly to attain and maintain therapeutic AED levels and (2) to stop 
SE in cases of failed emergent initial therapy. This phase is typically 5–10  min 
(NCS guidelines) or 20–40 min (second therapy phase in AES 2016 guidelines) 
after initial presentation.

Urgent control therapies are those available in IV formulations and include IV 
phenytoin/fosphenytoin, phenobarbital, valproate sodium, levetiracetam, or 
continuous midazolam infusion. The AES 2016 guidelines suggest a single dose of 
one of the following: valproic acid IV (Level B), fosphenytoin (Level U), or leveti-
racetam IV (Level U) but if none of those are available, phenobarbital IV (Level B). 
If seizures continue at this point (40–60 min after presentation), the AES guidelines 
cite insufficient evidence to guide therapy, but choices (Level U) include repeating 
second-line therapy or anesthetic doses of thiopental, midazolam, pentobarbital, or 
propofol, all in conjunction with starting continuous EEG monitoring. The ACEP 
guidelines include IV administration of phenytoin, fosphenytoin, or valproate (all 
Level B) or levetiracetam, barbiturates, or propofol (all Level C) for SE patients 
following benzodiazepine and up to 30 mg/kg phenytoin.

Although levetiracetam is FDA indicated for use as an adjunctive therapy, but not 
for monotherapy in partial seizures or primary generalized epilepsy, it finds frequent 
and first-line use, often as monotherapy, in emergent or urgent situations because of 
its low risk of drug-drug interactions, low adverse effect profile, and availability in 
IV formulation. Lacosamide is not included in the AAN, AES, or ACEP guidelines 
and is reserved for refractory phase in the NCS guidelines; in practice, however, it 
may find frequent use as second- or third-line therapy due to its relatively safe pro-
file, minimal effect on mental status, and availability for IV administration, and 
some data show that its 1-h seizure remission efficacy is comparable to valproic acid 
and that the two have comparable safety [40]. Epilepsy patients presenting with 
seizure or SE should receive an IV bolus of their home AED (if available IV) before 
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administering an additional agent. Serum AED levels should be monitored in all 
patients and additional boluses administered to maintain levels near the high end of 
the therapeutic range.

Treatment of refractory SE (RSE): RSE is a potential complication for all patients 
presenting in SE, but it can be difficult to detect clinically and to treat. Patients with 
RSE due to significant toxic or metabolic derangements or anoxia were least likely 
to achieve control, as compared to those with RSE due to chronic epilepsy, infec-
tion, stroke, tumor, or trauma in one series of RSE cases treated with pentobarbital 
[41]. The NCS guidelines recommend immediately starting an additional agent if 
there is evidence or concern for ongoing seizure activity after benzodiazepine and 
one AED, as there is no evidence to support a period of watchful waiting. Consulting 
with neurology and working to obtain EEG monitoring should be part of patient 
care at this stage.

Treatment may involve intermittent bolus therapy with an additional AED from 
what the NCS guidelines term the “urgent control list,” particularly in hemodynami-
cally stable patients who are not intubated. Treatment of patients already intubated 
may be escalated to continuous infusion of AEDs, and treatment efficacy should be 
monitored using continuous EEG (cEEG). AEDs most commonly utilized for con-
tinuous infusion include midazolam, propofol, and pentobarbital (thiopental in 
some countries), which require intensive care and monitoring. Pentobarbital was 
most effective in stopping seizure activity but carries higher risk of hypotension and 
increased length of stay. No mortality difference was found in patients treated with 
each of these agents [42]. The duration of therapy is not standardized and depends 
on EEG findings. If cEEG shows ongoing electrographic seizures, the AED regimen 
is titrated to “burst suppression,” typically for 24–48  h, followed by attempts to 
lighten sedation with cEEG to monitor for recurrence [8]. The 2012 NCS and 2016 
AES guidelines recommend initiating EEG monitoring within 1 h if there is suspi-
cion for ongoing seizures; if cEEG is not available, strongly consider transfer to a 
facility with the recommended resources and expertise.

Partial status epilepticus (focal seizure with dyscognitive features) and focal 
motor status (aka epilepsia partialis continua, which usually has minimal or no 
dyscognitive features) present with varying degrees of altered awareness. The clini-
cal presentation is less dramatic than for GTC SE and may be mistaken for a psy-
chiatric condition. These entities can be difficult to treat and will likely require 
involvement of a neurologist. In hemodynamically stable, alert patients with focal 
status, the risks and benefits of aggressive therapeutic intervention should be care-
fully weighed (Table 4.6).

 Endotracheal Intubation (ETI)

Respiratory failure is an important potential complication of SE due to ongoing 
seizures or pharmacological intervention, as many antiepileptics can cause seda-
tion [43, 44]. Endotracheal intubation (ETI) is appropriate for patients unable to 
maintain their airway but is not without risks. The evidence-based guidelines for 
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Table 4.6 NCS and AES guidelines: intermittent drug dosing in status epilepticus (adapted from 
Tables 6 and 7 in NCS 2012 and Table 2 in AES 2016 guidelines [7, 8])

Drug Initial dosing

Administration 
rates and 
alternative dosing 
recommendations

Serious adverse 
effects Considerations

Diazepam
AES Level A 
NCS Level A

0.15–0.2 mg/
kg IV up to 
10 mg per 
dose, may 
repeat in 5 min

Up to 5 mg/min 
(IVP)

Hypotension
Respiratory 
depression

Rapid 
redistribution 
(short duration), 
active metabolite, 
IV contains 
propylene glycol

Lorazepam
AES Level A 
NCS Level A

0.1 mg/kg IV 
up to 4 mg per 
dose, may 
repeat in 
5–10 min

Up to 2 mg/min 
(IVP)

Hypotension
Respiratory 
depression

Dilute 1:1 with 
saline
IV contains 
propylene glycol

Midazolam
AES Level A 
NCS Level A

NCS: 0.2 mg/
kg IM to max 
10 mg
AES: 10 mg 
for >40 kg, 
5 mg for 
13–40 kg

Respiratory 
depression
Hypotension

Active 
metabolite, renal 
elimination, rapid 
redistribution 
(short duration)

Fosphenytoin
AES Level U
NCS Level B

20 mg PE/kg 
IV
AES: max 
1500 mg PE/
dose
NCS: can give 
further 5 mg/
kg

Up to 150 mg 
PE/min; may give 
additional dose 
10 min after 
loading infusion

Hypotension
Arrhythmias

Compatible in 
saline, dextrose, 
and lactated 
ringers solution

Lacosamide
NCS Level C 
in RSE
Not in AES 
2016

200–400 mg 
IV

200 mg IV over 
15 min

PR prolongation
Hypotension

Minimal drug 
interactions
Limited 
experience in 
treatment of SE

Levetiracetam
AES Level U 
NCS Level C

AES: 60 mg/
kg IV, max 
4500 mg 
single dose
NCS: 
1000–3000 mg 
IV

2–5 mg/kg/min 
IV

Minimal drug 
interactions
Not hepatically 
metabolized

Phenobarbital
AES Level A
NCS Level A

AES: 15 mg/
kg max dose
NCS: 20 mg/
kg IV, may 
give an 
additional 
5–10 mg/kg

50–100 mg/min 
IV, may give 
additional dose 
10 min after 
loading infusion

Hypotension
Respiratory 
depression

IV contains 
propylene glycol

(continued)
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airway management and ETI in cases of SE are limited. Secondary analysis of the 
Rapid Anticonvulsant Medication Prior to Arrival Trial (RAMPART) data was 
performed with the primary outcome of ETI for respiratory depression and 
depressed mental status (with or without persistent convulsions) and secondary 
outcomes of ETI timing, mortality, and length of hospital stay [28]. For the 893 
subjects included (adults and children with a weight of 13  kg or above who 
received benzodiazepines in the prehospital setting for SE), ETI frequency was 
21% overall. Intubation as compared to non-intubation and late intubation versus 
early intubation were found to be markers for higher rates of mortality and more 
severe pathology. This is thought to be related to later intubation occurring in 
patients with comorbidities that were not initially evident and that early intubation 
may have protected some patients at high risk of experiencing complications of an 
unprotected airway. ETI occurred more often in patients older than 50 years, men, 
those presenting without a known seizure disorder, and SE due to toxic or meta-
bolic etiologies, CNS tumor, or stroke, while lower intubation rates were docu-
mented in patients presenting in SE with prior seizure history, anticonvulsant 
withdrawal, or non-compliance as SE etiology. Of note, 93.6% of the 218 

Table 4.6 (continued)

Drug Initial dosing

Administration 
rates and 
alternative dosing 
recommendations

Serious adverse 
effects Considerations

Phenytoin
NCS Level C
AES Level B

NCS: 20 mg/
kg IV, may 
give an 
additional 
5–10 mg/kg

Up to 50 mg/min 
IV; may give 
additional dose 
10 min after 
loading infusion

Arrhythmias
Hypotension
Purple glove 
syndrome

Only compatible 
in saline
IV contains 
propylene glycol

Propofol
NCS Level B

NCS: 1–2 mg/
kg IV load 
dose, then 20 
mcg/kg/min 
infusion

Maintenance: 
30–200 mcg/kg/
min

Hypotension 
respiratory 
depression
Cardiac failure 
rhabdomyolysis, 
metabolic acidosis
Renal failure

Half-life changes 
with treatment 
duration
Hypotension risk 
with loading dose 
higher in 
critically ill 
patients

Topiramate
NCS Level C 
for RSE

200–400 mg 
NG/PO

300–1600 mg/
day orally 
(divided 2–4 
times daily)

Metabolic acidosis Not available IV

Valproate
AES Level B
NCS Level A

AES: 40 mg/
kg to max 
3000 mg 
single dose
NCS: 
20–40 mg/kg 
IV, may give 
an additional 
20 mg/kg

3–6 mg/kg/min, 
may give 
additional dose 
10 min after 
loading infusion

Hyperammonemia
Pancreatitis
Thrombocytopenia
Hepatotoxicity

Use with caution 
in patients with 
traumatic head 
injury; may be a 
preferred agent in 
patients with 
glioblastoma 
multiforme
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intubations were performed in the hospital, and 42% of intubated patients were 
intubated for less than 24 h and 11% for fewer than 12 h. The study does not pro-
vide guidelines for ETI in SE patients but does suggest that “more selective and 
appropriately timed” ETI may be warranted.

Disposition: Suggestions for when to admit, observe, or discharge a patient with 
seizure

Admit

Observation unit (if 
available, otherwise 
consider admission) Discharge

Intubated, hemodynamically 
unstable -> neuro-ICU if 
available

Known seizure disorder 
Patient with persistent 
focal deficits, normal 
labs, and imaging

First-time seizure patients after 
workup complete and 
unrevealing

SE at presentation Known epilepsy with provoking 
factor identified and addressed, 
patient returned to baseline

New-onset seizures, provoking 
factor identified

Known epilepsy with seizures 
due to nonadherence, treated 
and patient at baseline

New-onset seizure with 
abnormal imaging
Focal status
Recent neurosurgical procedure 
with new seizure or increased 
frequency

 Safety Counseling for Seizure Patients

Prior to discharge home, patients who presented with seizure and their family members must 
be advised of the following:

Driving laws and restrictions in their state for patients who have experienced a seizure:
State-by-state driving regulations are available at the state Department of Motor Vehicle 
website or the Epilepsy Foundation website: www.epilepsyfoundation.org/resources/
drivingandtravel.cfm
Avoid unsupervised participation in activities that may result in injury or death to the patient 
or others if the patient were to experience a seizure while participating in that activity. 
Examples include (but are not limited to):
  – Driving
  – Swimming, bathing in a tub
  – Climbing on ladders, scaffolds, etc.
Lifestyle modifications to minimize exposure to seizure triggers. Triggers include systemic 
illness, sleep deprivation, excess alcohol consumption, recreational drug use, medication 
nonadherence, and excess stress
Family members should be educated on appropriate safety measures in the event of a seizure, 
such as turning the patient on their side and cushioning the head and body, but avoid forcibly 
restraining the patient or placing anything in the mouth
http://www.epilepsyfoundation.org/aboutepilepsy/firstaid/index.cfm
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 Follow-Up

 – Patient’s neurologist/epileptologist if known seizure disorder
 – Neurologist/epileptologist for patients with first-time seizure disorder and initial 

evaluation completed or in process

 Referrals

 – Consider referral to therapist or psychiatrist for patients diagnosed with epilepsy 
to provide assistance with adjusting to their new diagnosis and also because 
mood disorders are a common comorbidity of epilepsy

 – Referral to therapist or psychiatrist for patients with high suspicion of PNES
 – Consider social work referral for patients with epilepsy and unstable psychoso-

cial situation (employment or housing difficulties, etc.)
 – Epileptologist for patients with recurrent seizures or if unclear if patient has sei-

zure disorder or PNES

 Pearls and Pitfalls

• If loss of consciousness occurred, then the patient had a generalized seizure.
• Focal seizures are classified based on the presence or absence of dyscognitive 

features (previously termed simple partial and complex partial seizures)
• Status epilepticus (SE) is a seizure lasting more than 5 min (revised from the old 

30 min definition) or two or more seizures without return to baseline in between.
• SE is an emergency where every minute of delay to treatment can result in 

hypoxia, hypotension, acidosis, hyperthermia, rhabdomyolysis, and neuronal 
injury. First-line treatment is with a benzodiazepine.

• Refractory SE (RSE) is a serious potential complication for all patients with SE 
and is operationally defined as ongoing clinical or electrographic seizures despite 
adequate initial benzodiazepine doses followed by a second acceptable AED.
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Abbreviations

AMI Acute myocardial infarction
BNP Brain natriuretic peptide
CAD Coronary artery disease
CBC Complete blood count
CHF Congestive heart failure
CNS Central nervous system
CT Computerized tomography
DBP Diastolic blood pressure
ECG Electrocardiogram
ED Emergency department
EEG Electroencephalogram
EMS Emergency medical services
GI Gastrointestinal
Hct Hematocrit
Hgb Hemoglobin
IV Intravenous
LOC Loss of consciousness
OESIL Osservatorio Epidemiologico sulla Sincope nel Lazio risk score
PE Pulmonary embolism
RA Room air
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ROSE Risk stratification of Syncope in the ED
SBP Systolic blood pressure
SFSR San Francisco Syncope Rule
TCA Tricyclic antidepressants
TIA Transient ischemic attack
VS Vital signs
WPW Wolff-Parkinson-White

 Case Presentation

A 60-year-old man presents to the emergency department (ED) by EMS with a report 
of sudden collapse while running a road race. It is a hot summer day, and he was at 
mile 5 of a 10 K race when he suddenly collapsed. He was helped up by bystanders 
after a report of roughly 1 min of unconsciousness. He has scrapes on his knees and 
elbows from the fall to pavement but is only complaining of fatigue. He is awake and 
alert, with mild tachycardia, a normal blood pressure, and a normal neurological 
exam. His respiratory rate is normal and he is afebrile. His skin is pale and warm, 
with some mild sweat. He reports that he has a history of hypertension and non-
insulin-dependent diabetes. He takes metformin for the latter, but cannot recall his 
antihypertensive medication name. EMS has started a peripheral IV en route and 
given him 500 cm3 of normal saline. They report that a 12 lead ECG showed sinus 
tachycardia without any features concerning for arrhythmia or ischemia.

 Introduction

Syncope is a common occurrence that can be the result of diverse conditions, many 
benign but others life-threatening. It accounts for 1–3% of ED visits, up to a third of 
which may result in hospital admission [1]. Being by definition a transient loss of 
consciousness, syncope poses the diagnostic challenge of the patient/doctor interac-
tion occurring after resolution of symptoms. A detailed history and focused physical 
exam can alone uncover the cause around 50% of the time, while the addition of 
extensive inpatient testing will still leave 29% without a definitive discharge diagno-
sis [2]. The role of the provider is to identify those patients at risk for life- threatening 
causes of syncope and let the clinical picture guide diagnostic testing, all while 
avoiding over-testing and unnecessary admissions. Controversy exists regarding the 
usefulness of various screening tests and the extent to which the asymptomatic 
patient should be worked up in the ED as this can be a major driver healthcare costs, 
as much as $2.6 billion annually by one estimate [3]. This chapter will discuss the 
differential for the patient with syncope, key history and physical exam findings, 
investigative options, and disposition planning within the context of the ED.
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 Differential Diagnosis

Broadly, the causes of syncope can be divided into four categories: neurocardio-
genic mediated, cardiac, orthostatic, and neurogenic [4]. A fifth category contains 
the common syncope imitators of seizure and metabolic disorders.

• Neurocardiogenic mediated:
 – Carotid sinus syndrome
 – Situational
 – Vasovagal

Neurocardiogenic-mediated cases of syncope are the most common and are 
largely self-limiting [5]. These patients will frequently present asymptomatic and 
often lack any objective exam findings. While this can make diagnostics difficult, a 
good history can support these more benign diagnoses. Patients with carotid sinus 
syndrome may report tight collars or occurrence with neck pressure. In particular, 
these symptoms are frequently reproducible with a carotid sinus massage. Situational 
syncope includes peri-micturition and postprandial syncope, both increasingly 
common in the older population. Additionally, severe coughing bouts can lead to 
syncope secondary to vagal stimulation as can strong physiological responses to 
fear-inducing stimuli, such as an IV stick or blood. These causes are frequently clas-
sified as “vasovagal.”

• Cardiac:
 – Arrhythmia:

Bradycardia and heart blocks
Ventricular tachycardia
Atrial tachyarrhythmias
Pacemaker malfunction
Long QT syndrome
Wolff-Parkinson-White Syndrome (WPW)
Brugada syndrome

 – Structural:
Obstructive cardiomyopathy
Aortic or pulmonic stenosis
Pulmonary hypertension
Congestive heart failure (CHF)
Subclavian steal

 – Acute myocardial infarction (AMI)
 – Pulmonary embolus (PE)
 – Aortic dissection
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Evaluation for cardiac causes of syncope is often criticized for its low yield and can 
drive significant healthcare costs [6]. That said, this category contains several con-
cerning conditions for which syncope may be the presenting symptom. History pre-
ceding the syncope is particularly important here, as patients may have experienced 
dizziness, palpitations, chest pain, or shortness of breath. Both brady- and tachyar-
rhythmias can lead to syncope, and while an ECG can easily identify these in the 
moment, they can be transient and temporally correlated to the syncopal event. Other 
features predisposing to arrhythmia such as Brugada pattern, long QT syndromes, and 
WPW can generally be identified, as can any significant ischemia suggestive of an 
AMI. Structural diseases of the heart can be suggested by the presence of murmurs 
and confirmed with echocardiography. Laboratory testing and radiography can pro-
vide evidence for or against other conditions such as CHF, PE, or aortic dissection.

• Orthostatic:
 – Medications
 – Autonomic dysfunction:

Primary: Parkinson disease, multiple sclerosis
Secondary: Diabetes, spinal cord injury, uremia

 – Hypovolemia:
Dehydration
Hemorrhage

Orthostatic syncope encompasses situations in which blood supply is inadequate 
to meet the needs of the body. In some cases this is transient and related to blood 
vessel tone, such as with autonomic dysfunction, and in others it is related to an 
absolute volume depletion, such as in cases of hypovolemic shock. It is important to 
consider occult causes of bleeding, such as gastrointestinal or vaginal as well as 
overt ones. Polypharmacy is a growing cause of syncope particularly in the elderly.

• Neurogenic or psychiatric:
 – Vertebrobasilar insufficiency
 – Somatization
 – Panic attack
 – Cataplexy
 – Drop attacks

Truly neurologic causes of syncope are uncommon. Strokes and TIAs generally 
do not cause syncope, but certain vascular diseases such as basilar artery insuffi-
ciency may [5]. Psychiatric causes such as somatization and panic attacks can cause 
syncope; however, these are diagnoses of exclusion and are largely based on history 
and context.

• Imitators:
 – Seizure
 – Metabolic disorders:
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Hypoglycemia
Hypercapnia
Hypocapnia (e.g., from hyperventilation)

Whether a patient who suffered collapse experienced a seizure or syncope is a 
common diagnostic dilemma. As both conditions will have frequently resolved by 
presentation in the ED, and the patient generally will not recall the event, bystander 
history becomes critically important. Although not always available, EMS and fam-
ily members can provide key information. Seizure patients more commonly have 
postictal confusion and a report of convulsive movements and present with oral 
trauma or urinary incontinence. In contrast, syncope patients more commonly have 
a prodrome of palpitations, diaphoresis, nausea, or vertigo, as well as situational 
triggers such as needle sticks, a hot environment, or prolonged sitting or standing 
[7]. Metabolic conditions such as hypoglycemia and hypercarbia can lead to loss of 
consciousness; however, these will typically not self-correct.

 Critical Features of the History

As above, a range of historical features can help narrow the diagnosis. However, a 
few specific features have been shown to differentiate emergency from non- emergent 
causes of syncope [4].

Things in the “breakout box” for separating badness from non-badness:

High risk for emergent condition:
• Age over 70
• Personal history of CAD or structural heart disease
• Family history of sudden death
• Exertional syncope
• Palpitations prior to syncope
• Chest pain related to syncope

Low risk for emergent condition:
• Age under 40
• No personal history of cardiac disease
• HPI strongly suggestive of orthostatic or vasovagal etiology:

 – Abrupt change to an upright position or prolonged standing
 – Preceding lightheadedness/flushing
 – History of volume depletion
 – Warm environment
 – Emotional situation
 – Vagal situation: straining, urinating, coughing, laughing
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Additional valuable focused history:

• Position:
 – Standing >15 min: Increased concern for vasovagal
 – Moving to standing: Increased concern for orthostasis
 – Sitting/laying: Increased concern for arrhythmia

• Onset: Were there prodromal symptoms?
 – Lack of prodromal symptoms is associated with arrhythmia.

• Associated chest pain? Associated shortness of breath?
 – These symptoms are associated with cardiac or pulmonary etiology.

• Duration: If witnessed, longer LOC (>4 min) more suggestive of seizure.
 – If witnessed, were there tonic/clonic movements, head deviation, and urinary 

incontinence?
• Situation:

 – Exertional: Increased concern for arrhythmia and structural cardiac etiology.
 – Vagal activity: Straining, urinating, and coughing all suggest vasovagal syncope.

• Injury: Raises concern for primary or concomitant traumatic injury. Does the 
patient require a trauma workup? Don’t forget about the possibility for trauma 
secondary to syncope.

• Aftermath: Did they rapidly return to baseline mental status, or was there a post-
ictal period? Prolonged recovery can raise the concern for seizure.

• Recent medication changes? Changes to antihypertensives, diuretics, rate con-
trolling meds, antipsychotics, TCAs, nitrates.

 Critical Features of the Physical Exam

• Vital signs: When the syncopal event was caused by transient hypotension or a 
cardiac arrhythmia, this vital sign abnormality will often have normalized by the 
time you evaluate the patient, but any abnormal vital signs must be explained. 
Persistent tachycardia may suggest hypovolemia as may hypotension. Sinus 
tachycardia associated with hypoxia may suggest pulmonary embolism:
 – Orthostatic vital signs can be checked (at least 5  min supine followed by 

3 min standing):
Drop in SBP >20 mmHg or DBP > 10 mmHg
Increase in HR >20
Presyncopal sensation even without changes in vital signs

 – There are no strong data in the literature to support or refute using orthostatic 
vital signs as a decision-making tool. At this time they are simply an inexpen-
sive additional data point that can be gathered, while keeping in mind that the 
absence of documented orthostatic hypotension in the ED should not be used 
to definitively rule it out as the offending etiology.

• Cardiac: Listen for murmurs of aortic or mitral stenosis. Listen for extra heart 
sounds (S3, S4) sounds to suggest heart failure. Bedside echocardiography can 
be useful: if there are signs of decreased ejection fraction, obvious wall motion 
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abnormalities, ventricular hypertrophy, or other abnormalities that are new, 
strongly consider further cardiac workup.

• Carotid sinus exam: Sequentially massage the left and right carotid sinus for 10 s 
each both supine and erect while monitoring heart rate and blood pressure. A 
drop of more than 50 mmHg in SBP or at least 3 s pause in heartbeat defines 
carotid sinus hypersensitivity. This test is both highly sensitive and specific for 
carotid sinus hypersensitivity, particularly when performed in the upright posi-
tion [8]:
 – Contraindications: Carotid bruit, CVA or MI within 3 months, history of ven-

tricular arrhythmia
• Abdominal: Rectal exam for occult bleeding if signs of anemia or report of dark 

stools.
• Trauma: Oral trauma suggests seizure. Head trauma may suggest diffuse axonal 

injury. Always evaluate for trauma secondary to the collapse.
• Urinary or bowel incontinence: Suggests seizure.
• Vascular: Listen for carotid bruits. If syncope occurred in the setting of activity 

with arms reaching overhead, consider subclavian steal and compare bilateral 
arm blood pressures. A pressure differential >15 mmHg is highly specific for 
subclavian steal [9].

• Neurologic: Perform a focused neurologic exam – new neurologic deficits should 
be explained.

 Emergency Department Workup

Every syncopal patient should at minimum have a workup including vital signs, 
an ECG, and, for females of childbearing age, a urine pregnancy test. For many 
patients, particularly young, healthy patients who on history describe an episode 
suggestive of a reactive or orthostatic syncope (prodromal symptoms, prolonged 
standing, straining, etc.), the emergency department workup may end there. 
Otherwise healthy patients under the age of 40 are more likely to have experi-
enced a benign cause of syncope (such as reflex and orthostatic), while the elderly 
population demonstrates an increased incidence of potentially life-threatening 
causes [10].

In order to risk-stratify patients for high-risk causes of syncope, multiple deci-
sion rules are available (Table 5.1).

Of these risk stratification tools, only SFSR and OESIL have been externally 
studied for validation, and neither held up as well as their initial study in catch-
ing all patients at risk for adverse events [13–16]. For the purposes of the ED 
physician who is deciding between admission and discharge with close follow-
up, the SFSR study design may be more appropriate as the outcome was adverse 
events within 7 days after presentation, versus 3–6 months with OESIL. When 
comparing the SFSR to gestalt, physicians proved to be as reliable at predicting 
and admitting patients at risk for adverse events. However, where the SFSR 
outperformed physician gestalt was in reducing admission rates of low-risk 
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patients, as physicians admitted 28% of low-risk patients for further workup, 
whereas utilization of the SFSR in this study would have decreased the admis-
sion rate by 10% without missing any patients who went on to have adverse 
events [17].

A retrospective analysis of patients over 65 with syncope revealed that the sensi-
tivity of the SFSR for predicting adverse events fell from 90 to 76.5% as compared 
to the original study of all-comers, with a mean age of 62 [12, 18]. Of the decision 
rules, only OESIL includes an age cutoff as an independent predictor of adverse 
outcomes. It appears clear that regardless of the risk stratification tool being used, 
one should maintain a lower threshold to admit an elderly patient following a syn-
copal event.

 Clinical Investigations

The use of diagnostic testing should be driven by the history and physical and sup-
ported by decision rules when appropriate. Two commonly cited guidelines are the 
2009 European Society of Cardiology guidelines and the 2006 American Heart 
Association/American College of Cardiology Foundation Scientific Statement on 
the Evaluation of Syncope. Both follow an algorithmic approach based on historical 
and physical exam findings. Their recommendations for immediate evaluation are 
summarized in Table 5.2 [19, 20].

Table 5.1 Decision rules: evidence-based risk stratification

ROSE [11] SFSR [12] OESIL [13] Boston [14]
BNP >300 CHF Any cardiac 

history
Any cardiac history

Bradycardia <50 Abnormal vital signs
Rectal blood 
positive
Hgb <9 g/dL Hct <30% Volume depletion
Associated chest 
pain
ECG with Q waves 
(excluding lead III)

Abnormal ECG Abnormal 
ECG

ECG with abnormal conduction,
CAD history

Oxygen saturation 
<94% on room air

Shortness of breath Abnormal vital signs

Any SBP <90 mmHg 
(including triage)

No prodrome
Age >65

Valvular heart disease
Family history of sudden 
cardiac death
CNS etiology

Sn: 87.2%
NPV: 98.5%

Sn: 96%
NPV: 99.2%

Sn: 98%
NPV: 97.8%

Sn: 97%
NPV: 99%

ROSE risk stratification of syncope in the ED, SFSR San Francisco Syncope Rule, OESIL 
Osservatorio Epidemiologico Sulla Sincope nel Lazio risk score
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The European Society of Cardiology proposed a conceptual model in 2016 designed 
specifically toward the evaluation of syncope in the emergency department that relies 
on characterization of the patient into low-, high-, and intermediate-risk categories:

• Low-risk patients are young (<40) and must have at least one of the following fea-
tures that strongly supports neurocardiogenic syncope and no high-risk features:
 – Erect position
 – Preceding nausea or warmth
 – Low-risk triggers such as emotional events, micturition, coughing
 – History of similar low-risk events in the past

• High-risk patients must have at least one of the following features:
 – Exertional syncope
 – Preceding chest discomfort or palpitations
 – Syncope while supine
 – History of functional heart disease or ventricular arrhythmias
 – Sudden cardiac death in the family
 – Hypotension, bradycardia, or anemia
 – Concerning EKG abnormalities during the visit, including new block pat-

terns, ischemia, Brugada, new arrhythmias, or a prolonged QT interval
• Intermediate-risk patients have one of the following:

 – Meet no low- or high-risk criteria
 – Have concerning features in their history or physical exam
 – Meet low-risk criteria but carry other comorbidities

In general, high-risk patients benefit from hospitalization and extensive further 
workup, whereas low-risk patients do not. The difficulty lies in intermediate-risk 
patients where there is no clear evidence to help guide the level of evaluation; how-
ever, the group gives a recommendation for an additional 3 h period of continuous 
cardiac monitoring, with the plan to admit patients for any ventricular tachycardia, 
pause >3 s, symptomatic bradycardia less than 50 BPM or tachycardia greater than 
120 BPM, or any bradycardia less than 30 BPM [21].

ECG: Every patient presenting with syncope or presyncope should undergo an 
ECG. The ECG is a low-cost low-risk evidence-based tool in screening syncopal 
patients for high-risk features suggestive of adverse events:

• Tachyarrhythmias
• WPW delta wave, short PR interval (Figure 5.1)

Table 5.2 Guidelines

European Society of Cardiology
American Heart Association/American 
College of Cardiology Foundation

Carotid sinus massage testing in patients 
<40 years old

ECG

Echocardiogram if history of heart disease or 
high suspicion for structural cause of syncope

Echocardiogram if syncope unexplained by 
exam

ECG monitoring Exercise test and ischemia evaluation if 
syncope unexplained by exam

Orthostatic testing
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• Bradyarrhythmias
• Ischemia/infarction, Q waves (Figures 5.5 and 5.6)
• S1Q3T3 pattern suggestive of PE
• Brugada syndrome (Figure 5.4)
• Hypertrophy suggesting left ventricular outflow obstruction (Figure 5.2):

 – Hypertrophic cardiomyopathy
 – Aortic stenosis

• Prolonged QTc: risk for torsades de pointes (Figure 5.3)

Figure 5.1 ECG with WPW

Figure 5.2 ECG with Brugada
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Figure 5.3 ECG with long QT

Figure 5.4 ECG with S1Q3T3
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Telemetry: While the evaluation is ongoing, cardiac monitoring is useful to 
catch arrhythmias that may not have been present during the initial ECG. Patients 
with histories concerning for cardiac syncope should undergo continued cardiac 
monitoring. The duration of telemetry required is controversial, and its diagnostic 
yield has been as low as 3% [22]. It does retain importance though: in a validation 
study of the San Francisco Syncope Rule, five patients at high risk for adverse 
events were discovered only with telemetry [23]. High-risk patients should be con-
sidered for Holter monitors or other loop recorders for longer-term cardiac 
monitoring.

Figure 5.5 ECG with complete heart block

Figure 5.6 ECG with Mobitz II heart block
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Laboratory analysis: A young, healthy patient with a strong story for 
neurocardiogenic- mediated, non-exertional syncope, a normal ECG, and no family 
history of sudden death often requires no laboratory testing. However, for patients 
without an etiology suggested by history, physical, or ECG, laboratory testing can 
be helpful in identifying patients at risk for adverse events:

• All females of childbearing age: pregnancy test. There is limited data on syncope 
in pregnancy; however, ectopic pregnancy can present with syncope [24]. Later 
in pregnancy, the pressure of the gravid uterus on the inferior vena cava causing 
impaired venous return to the heart can also lead to syncope.

• Patients with a cardiac history, abnormal ECG, exertional syncope, or associated 
chest pain should have cardiac ischemia ruled out with cardiac enzymes.

• The ROSE decision tool requires a BNP for risk stratification, with a value 
>300 pg/mL associated with adverse events. An elevated BNP is a useful tool in 
differentiating cardiac from non-cardiac syncope in admitted patients [25–28].

• Blood glucose: rule out hypoglycemia.
• Basic metabolic panel to evaluate for metabolic derangement.
• CBC: Check the hemoglobin and hematocrit for anemia and evidence of blood 

loss. New anemia should be further investigated, starting with occult fecal blood. 
Two syncope risk stratification studies found anemia (SFSRL Hct <30% [12], 
ROSE: Hgb <9 g/dL [11]) to be an independent risk factor for adverse events.

• Troponin testing is frequently performed on syncope patients, and one observa-
tional study reported that 3% of patients had levels above their institution’s 
threshold [22]. However, it is unclear how many patients had other reasons for an 
elevated troponin.

Echocardiogram: Any patient with exertional syncope, associated chest pain, 
lack of prodromal symptoms, a known cardiac history, a family history of sudden 
death, or abnormal sounds on cardiac auscultation will benefit from a cardiac echo 
to identify potentially fatal causes of cardiac syncope. A formal exam is useful for 
identifying structural abnormalities such as myocardial hypertrophy, aortic outlet 
obstructions, and valvular stenosis, in addition to wall motion abnormalities and the 
ejection fraction. However, overuse of echocardiography has been identified as a 
potential area of over-testing. One retrospective study of 468 syncope patients found 
that only 5.7% of patients with normal ECGs had an abnormal echo. Alternatively, 
29% of patients with an abnormal ECG had an abnormal echo [29].

 Neuroimaging

Head CT: A non-contrast head CT is an overutilized, low-yield study in the evalua-
tion of syncope for all-comers and should not be used as a screening tool for all 
patients with syncope [30]. The factors most strongly associated with abnormalities 
on head CT directly related to the syncopal event include focal neurological find-
ings on physical exam, a history of recent head trauma, and age over 60 [31].
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EEG: Ruling out seizure as the cause of syncope can be quite difficult. Many of 
the sequelae associated with seizures can occur in syncope, and witnesses frequently 
describe shaking or jerking movements. Myoclonic jerks occur in the response to 
cerebral anoxia, which is likewise the driver of neurocardiogenic syncope. In fact, 
in a study of healthy patients who underwent induced syncope using a combination 
of hyperventilation, orthostasis, and Valsalva maneuvers, 90% of the syncopal 
patients experienced myoclonic jerks [32]. A study of 671 syncopal patients demon-
strated that the most strongly predictive features of syncope include tongue biting 
(likelihood ratio 16.5) and head turning or posturing (likelihood ratios 13.5 and 
12.8, respectively), while the historical features making seizure unlikely include 
any presyncopal symptoms prior to loss of consciousness, preceding diaphoresis, 
and prolonged sitting or standing prior to syncope. Using these data they developed 
a question-based scoring system for distinguishing seizure from syncope, with diag-
nostic accuracy ranging between 85 and 95% (Table 5.3) [7]. EEG is useful in ruling 
out seizure as the etiology of syncope but is only indicated when clinical concern for 
seizure is high.

 Disposition

After the initial evaluation, the next question will be to determine who requires 
inpatient hospitalization and observation or who can safely follow up in the outpa-
tient setting. Some patients will have a clear cause of syncope leading to admission, 
such as a complete heart block or a hemodynamically significant GI bleed. However, 
the majority of patients will not have the cause of their syncope definitively identi-
fied in the first hours, and they can pose a disposition dilemma.

The decision rules discussed above are useful tools for risk stratification, and 
any patient with the presence of one of these risk factors should strongly be con-
sidered for observation or admission. Patients under 40 with a strong story for 
neurocardiogenic syncope, normal vital signs, no cardiac history, and reliable out-
patient follow- up are safe to be discharged home. Using a syncope decision rule to 

Table 5.3 Seizure

Question Points
Tongue biting? 2
Preceding déjà vu/jamais vu? 1
In emotional stress? 1
Report of head turning? 1
Ever told you had an (1) unresponsive period? (2) unresponsive posturing/
jerking? (3) no memory of unresponsive spell?

1 for any yes

Confusion after regained consciousness? 1
Ever have lightheadedness? −2
Ever sweat before unconscious spell? −2
Associated prolonged sitting/standing? −2

Total score ≥1 strongly associated with seizure
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identify low-risk patients has been shown to further reduce unnecessary admission 
rates, although none have been prospectively validated well enough to become a 
clear standard of care. Elderly patients pose the strongest dilemma as they are at 
higher risk for cardiac and neurologic causes of syncope, have more comorbidities, 
and are not as reliably captured by the aforementioned syncope decision rules 
when at risk for adverse events. Thus, one should have a much lower threshold for 
admission to the hospital or a short-stay unit for continuous cardiac monitoring and 
consideration for echocardiogram when structural disease is suspected. A short-
stay or ED observation unit is a lower-cost alternative to admission for patients 
with an anticipated length of stay under 24–48 h. In the observation unit, patients 
can remain on continuous cardiac monitoring, undergo additional testing, and be 
evaluated by consulting services. A randomized clinical trial involving syncopal 
patients over the age of 50 at intermediate risk for adverse events demonstrated 
significant decreased length of stay, decreased rates of hospital admission, 
decreased healthcare costs, and no difference in adverse outcomes within 30 days 
or patient satisfaction scores when admitted to ED observation as compared to 
inpatient admission [33].

All discharged patients should be given strong return precautions for any palpita-
tions, chest pain, or recurrent syncope. If the patient may have had a seizure, they 
should be instructed not to drive until follow-up and further testing is obtained. 
Patients with presumed orthostasis should be educated on careful, slow changes in 
position.

 Pearls and Pitfalls

• Arrhythmias will often have completely resolved prior to your evaluation. Any 
patients with exertional or non-prodromal syncope are always concerning for 
cardiac causes, and one should have a low threshold for additional evaluation for 
arrhythmia (typically some period of telemetry).

• Myoclonic jerks, caused by cerebral ischemia, are common in syncope and often 
exacerbated by the well-meaning witness who aids a syncopal patient by catching 
their fall and keeping them upright, thus slowing the return of cerebral perfusion.

• Documented abnormal vital signs, even when they self-resolve, should be explained.
• Always check a pregnancy test in the female of childbearing age with syncope.
• Look carefully at the ECG – although abnormal findings are rare, when present 

they usually reflect an actionable cause of syncope.
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6Dizziness: An Evidence-Based Approach 
(Better than MRI?)

Jonathan A. Edlow

 Case Presentation

A 45-year-old patient with a history of well-controlled hypertension and mildly ele-
vated cholesterol comes to the emergency department (ED) for 8 h of continuous 
dizziness that began rapidly. The patient describes severe light-headedness. There is 
no headache or neck pain. Vital signs and general physical examination are normal. 
On examining the eyes, horizontal nystagmus that beats toward the left is present. 
Skew deviation is absent. On head impulse testing, there is a corrective saccade when 
moving toward the right. The remainder of the neurological examination is normal.

 Introduction

Approximately 3.5% of emergency department (ED) visits are for dizziness [1, 2]. 
Numerous conditions, some benign and self-limiting and others extremely serious, 
can present with dizziness. This is a classic emergency medicine—sorting out the 
large majority of patients with a given chief complaint who have a self-limiting or 
easily treatable condition from the smaller number that have life-, limb-, or brain- 
threatening problems. As of 2013, the direct ED-related costs of care for patients 
with dizziness in the USA were estimated to approach $4 billion [3]. In addition to 
economic, there is additional “cost” both in terms of patient-experienced anxiety 
and falls, attributed to dizziness, with their resultant morbidity.

The existing paradigm for diagnosing dizziness is based on “symptom quality” 
(i.e., asking the question “what do you mean ‘dizzy’?”). This approach is taught in 
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nearly all review articles and textbooks across specialties; however, newer research 
has shown that its scientific basis and its internal logic lack foundation.

Currently, misdiagnosis in patients with dizziness is a problem in an environment 
that is paying increasing attention to diagnostic errors [4]. Misdiagnosis of patients 
with cerebellar stroke can have disastrous consequences [5]. This article will review 
the differential diagnosis of acute dizziness in adult patients, discuss newer research 
about the diagnosis of dizziness, and suggest a modern evidence-based approach.

The new approach emphasizes history and physical examination that will hope-
fully lead to emergency physicians more frequently and confidently making a spe-
cific diagnosis. When a confident diagnosis is made of a peripheral problem, 
time-consuming consultation, expensive imaging, and hospitalization become 
unnecessary. When the evaluation suggests a central problem, especially stroke, 
steps can be taken to diagnose and treat the offending vascular lesion and institute 
secondary prevention measures.

This new approach to the ED patients with dizziness should improve diagnostic 
accuracy and reduce length of stay and resource utilization and would be expected 
to improve overall patient outcomes.

 Differential Diagnosis of Acute Dizziness

Numerous disorders and conditions that span multiple organ systems can present 
with acute dizziness. Many of these diagnoses are benign; others are life- threatening. 
A study from the national NHAMCS patient database over a 13-year period identi-
fied 9472 patients with dizziness [2]. These data suggest that most patients have 
general medical (including cardiovascular) diagnoses (~50%), oto-vestibular diag-
noses (~33%), and neurologic (including stroke) diagnoses (~11%) [2, 6].

Studies of large administrative databases have the limitation that the accuracy of 
the charted diagnosis is unknown. In the NHAMCS study, 22% of patients received 
a “symptom only” diagnosis (e.g., dizziness, not otherwise specified). Although 
assigning a diagnosis of the presenting symptom is common in emergency medicine 
practice, a “symptom only” diagnosis was three times more common in dizzy 
patients than in all other patients. In addition, even if a specific vestibular diagnosis 
is made, such as benign paroxysmal positional vertigo (BPPV), the use of imaging 
and treatment with medications is not in accordance with best evidence [7].

In the NHAMCS study, prospectively defined “dangerous” diagnoses (various 
cardiovascular, cerebrovascular, toxic, metabolic, and infectious conditions in 
which the possibility of a poor outcome without treatment was likely) were found in 
15% of patients, and this proportion increased with age [2]. The most common dan-
gerous causes found were fluid and electrolyte disturbances (5.6%), cerebrovascular 
diseases (4.0%), cardiac arrhythmias (3.2%), acute coronary syndromes (1.7%), 
anemia (1.6%), and hypoglycemia (1.4%) [2]. Some rare causes of dizziness such 
as adrenal insufficiency [8], aortic dissection [9], carbon monoxide intoxication 
[10], pulmonary embolus [11], and thiamine deficiency [12] are treatable.

How does this study compare to others? One older single-institution study ana-
lyzed 125 patients prospectively identified over a 16-month period [13]. Forty-three 
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percent had a diagnosis of a peripheral vestibular problem, and 30% had a “serious” 
diagnosis. Another larger prospective single-institution Chinese study of adult ED 
patients with dizziness reported results of 413 patients recruited over just 1 month 
[1]. A central nervous system (CNS) cause was found in 23 patients (6%).

Two retrospective studies also provide relevant data. One was done in a German 
ED of 475 consecutive dizzy patients who were seen by a neurologist during the 
index ED visit [14]. The initial diagnoses assigned by the neurologists were benign 
in 73% of cases and serious (mostly cerebrovascular and inflammatory CNS dis-
ease) in 27% of cases. Overall, the two most common diagnoses were BPPV (22%) 
and stroke (20%). In follow-up by a neurologist blinded to the ED diagnosis, 44% 
of diagnoses (previously made by a neurologist in the ED) were changed. Over half 
of these diagnostic changes were from a serious to a benign diagnosis, which errs 
toward patient safety but is more resource intensive than necessary. In about one 
patient in seven, the error was from benign to serious (five patients diagnosed with 
vestibular neuritis and one with vestibular migraine, all reassigned to stroke), a dan-
gerous misdiagnosis.

The other study analyzed patients who had an ED triage diagnosis of dizziness, 
vertigo, or imbalance as a primary symptom, collected over a 3-year period, and 
identified 907 patients (only 0.8% of all ED patients over that period of time), sug-
gesting a very targeted selection (compared to other large studies) [15]. Of the 907 
patients, one in five was admitted (68% to an intensive care unit—ICU). The most 
common admitting services were medicine (41% of admissions), cardiology (32%), 
and neurology (24%). Of the 907 patients, most had benign conditions either periph-
eral vestibular problems, 32%, orthostatic hypotension (13%), or migraine (4%). A 
full 22% could not be diagnosed. Serious neurological disease was found in 49 
patients (5%) of which 37 were cerebrovascular. Finally, only two patients with 
serious neurological disease presented with isolated dizziness.

The incidence of important CNS disease in adult ED patients with dizziness is 
approximately 5%. The high-end outlier is the Royl study that reported that 27% of 
patients have serious CNS causes which may be skewed by the fact that the study 
was conducted in a neurological ED [14]. Various studies have tried to identify risk 
factors for ED dizzy patients with CNS causes [1, 15–19]. One ED study of dizzy 
patients found that abnormal gait and subtle neurological deficits on neurological 
examination were associated with a CNS cause [16]. Overall, the risk factors include 
increasing age, vascular risk factors and history of previous stroke, complaint of 
“instability,” and focal neurological findings (Table 6.1).

Taken as a whole, these data suggest the following conclusions:

 1. Most adult patients who present to the ED with acute dizziness have general 
medical or cardiovascular conditions.

 2. Although benign vestibular diseases are much more common than CNS causes of 
dizziness, when emergency physicians make these (benign) diagnoses, their use 
of imaging and meclizine is not in accordance with the best available evidence.

 3. Of the CNS causes, acute cerebrovascular disease (ischemic stroke or transient 
ischemic attack—TIA) is the most common cause, and misdiagnosis in the ED 
is not uncommon in these patients.
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 Origin of the “Symptom Quality” Approach to Diagnosing 
Dizziness and Its Lack of Scientific Validity

A publication in 1972 led to the “symptom quality” approach to the acutely dizzy 
patient [20]. Over a 2-year period, the authors enrolled 125 patients. The study suf-
fers from several shortcomings that include a low number of patients, the fact that 
most patients were not evaluated during the acute phase of their illness, no verifica-
tion of diagnosis, no long-term follow-up, and others (Table 6.2). This study was the 
basis for the traditional approach to dizziness that starts by asking the patient, “What 
do you mean by ‘dizzy’?”

For this “symptom quality” approach to work, two facts must be true. First, 
patients should be able to reliably and consistently choose one (and only one) dizzi-
ness type. Secondly, each symptom type should be tightly linked with a given dif-
ferential diagnosis. Both facts are demonstrably false [21].

Patients do not choose a single dizziness type. Sensory symptoms are difficult 
for many patients to describe. Patients with dizziness may use words like, “dizzy,” 
“light-headed,” “spinning,” “rocking,” “vertigo,” “giddy,” “like I’m going to faint,” 
“off-balance,” “spacey,” and others to describe what they feel. For this paper, I will 
use the word “dizziness” in a general way (incorporating all of these descriptors).

In a study published in 2007, research assistants asked a series of ED patients 
with dizziness a battery of questions aimed at determining “symptom quality” and 
timing and triggers of the dizziness [22]. Over 60% of the patients chose more than 
one dizziness type. The questions were then re-asked in a different sequence an 
average of 6  min later; more than 50% of the patients changed their primary 

Table 6.1 Risk factors for a central nervous system cause in emergency department patients with 
dizziness

Risk factor
Cheung 
et al. [1]

Navi et al. 
[15] Chase et al. [16] Kerber et al. [19]

Age in years 6.15 for 
age > 65

5.7 for 
age > 60

Symptom of 
imbalance or 
ataxia

11.39 for 
“ataxia”

5.9 for 
“imbalance”

9.3 for “gait 
instability”

Focal neurological 
symptoms

11.78 5.9

History of 
previous stroke

3.89

Vascular risk 
factors

3.57 for 
diabetes

0.48 (CI crossed 1)

ABCD2 score 1.74 (scored as a 
continuous variable)

HINTS testing 2.82
Other neurological 
deficits

8.7 for “subtle” 
neurological finding

2.54

Not every study reported on every variable; blank cells were not reported in that study. Numbers 
are odds ratios (when reported)
HINTS head impulse, nystagmus, test of skew; CI confidence intervals
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dizziness type. The responses to timing and triggers of dizziness were much more 
consistent and reliable between the first and second responses.

Thus, the history should be taken just as one does with a patient with chest pain 
or dyspnea. One does not evaluate a patient with chest pain differently if the pain is 
described as “sharp” or “dull” or “discomfort” or “pressure” [21]. One does not use 
the descriptor of the pain in a binary way; the timing and triggers are more impor-
tant in rank-ordering a differential diagnosis. We take histories of virtually all chief 
complaints using the concept of timing and triggers.

Another concept that physicians use regularly to construct a differential diagno-
sis is that of context and presence or absence of associated symptoms. One thinks 
very differently about a patient with chest pain associated with (a) leg swelling and 
dyspnea, (b) productive cough and fever, or (c) hypotension, unilaterally diminished 
breath sounds, and distended neck veins. It is not simply the word that the patient 
uses that informs the differential diagnosis but also the timing, triggers, associated 
symptoms, and epidemiologic context. It should be no different with dizziness.

Finally, the differential diagnosis is not tightly linked with a given use of the 
descriptors. The use of the word “vertigo” was not associated with a higher 

Table 6.2 Shortcomings of the original paper on the “symptom quality” approach

Methodological issues

  Tautological hypothesis
   Their methods placed patients into one of four categories of dizziness by design
    Related “appropriate” questions were only asked once the dizziness category was 

assigned
    A diagnosis of a “peripheral vestibular disorder was typically applied to a patient who 

complained of unmistakable rotational vertigo”
  Lack of independent verification and blinding
    A single individual assigned the final diagnosis; there was no independent verification of 

the diagnoses
    The individual assigning the diagnoses was not blinded to the data or the categories of 

symptom quality
  Small number of subjects with 25% drop-out rate after enrollment
   125 total patients were enrolled (but 25.6% were excluded)
   12 (16.8%) were excluded due to “inadequate data” obtained
   9 (7.2%) were excluded because of “uncertain diagnosis”
   2 (1.6$) were excluded because they were “inappropriate referrals”
  Selection bias
   Only 125 patients were enrolled over a 2-year period
   They had to be available to return on four different days for testing
   They had to be fluent in English
  Lack of long-term follow-up of patients
   There was no long-term follow-up to verify accuracy of diagnosis
Unavoidable issues related to era in which study was performed
  Lack of modern imaging
   When the study was done, neither CT nor MRI was available
  Lack of some diagnoses being established
   Vestibular migraine (a common cause of s-EVS) had not yet been described
   Posterior circulation TIA presenting as isolated dizziness was not recognized
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incidence of stroke in a large series of ED patients with dizziness [23]. Patients with 
a cardiovascular cause of dizziness do endorse “vertigo” in almost 40% of cases 
[24]. Patients with BPPV often say they feel light-headed and not vertiginous, espe-
cially elderly patients [25]. The reality is that the differential diagnosis should not 
be based on the word but rather on the timing, triggers, associated symptoms, and 
the epidemiologic context.

Despite the fact that the “symptom quality” approach to dizziness is not based on 
strong science, it is the predominant paradigm used across specialties.

 Misdiagnosis of Patients with Dizziness  
and Resource Utilization

Misdiagnosis of patients with dizziness is common. In the German ED study, neu-
rologists seeing patients made diagnostic errors in 44% of patients. The authors of 
that study found three factors that contributed to misdiagnosis [14]. First, subse-
quent clinical course evolved, making the ultimate diagnosis more clear. This factor 
played a role in 70% of misdiagnoses. This is a regular event in emergency medi-
cine, in which we see patients whose symptoms evolve in a variable way even over 
hours. The other two factors were insufficient brain imaging (mostly MRI, found to 
be a factor in half of cases) and failure to screen for vascular risk factors using 
advanced testing such as echocardiography, telemetry, or ultrasound of cervical 
arteries (24% of cases). There has never been a head-to-head comparison of emer-
gency physicians versus neurologists diagnosing patients with dizziness at the same 
phase of care (and likely never will), but this German study clearly shows that diz-
ziness is complicated, even to those with specialized training and focus.

In another study of 1091 dizzy patients in US EDs, emergency physicians docu-
mented some comment about nystagmus in 887 (80%) of whom nystagmus was 
documented to be present in 185 (21%) [26]. No other information beyond the pres-
ence or absence was recorded in 26% of the 185 patients, and sufficient information 
to be diagnostically useful was only recorded in ten patients (5.4%). Of patients 
given a peripheral vestibular diagnosis, the description of the nystagmus conflicted 
with that diagnosis. This illustrates a knowledge gap in emergency physicians’ 
understanding of nystagmus: what to look for, how to report it, and, most impor-
tantly, how to use the findings to their advantage.

Reporting the presence or absence of nystagmus in a dizzy patient is not the key 
finding. In a patient with an AVS the findings of direction-fixed horizontal nystag-
mus versus direction-fixed vertical nystagmus versus direction- changing nystagmus 
have different significances (see below). A recent review illustrates how to use the 
physical examination in dizzy patients [27].

Multiple studies find that patients with an AVS that superficially appears to be a 
peripheral process in fact have posterior circulation strokes [28–30]. In one, almost 
3% of patients referred to the ENT clinic for vertigo had a missed cerebellar stroke 
[29]. There are two major reasons that missed stroke is an important misdiagnosis. 
The first is that the underlying vascular mechanism goes untreated, leaving the 
patient vulnerable to another stroke, and the second is that some patients will 
develop posterior fossa edema that can be fatal [5]. Although lost opportunity for 
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thrombolysis is often suggested as a third negative consequence of missing a poste-
rior circulation stroke, many of these patients have minor deficits and are not neces-
sarily thrombolysis candidates. Some have an NIHSS of zero [31].

Younger age and dissection as a cause were found to be risk factors for missed 
cerebellar stroke [32]. Posterior circulation location is a risk factor for stroke misdi-
agnosis in general [33–35]. To put these data into some context, only a very small 
proportion (0.18–0.63%) of patients who are seen in the ED diagnosed with a 
benign or peripheral vestibular diagnosis return to the ED within 30 days and are 
hospitalized with a cerebrovascular diagnosis [36–38]. However, because dizziness 
is so common, this small fraction of a large number would suggest that many thou-
sands of patients have a missed diagnosis of an acute cerebrovascular syndrome 
(stroke or transient ischemic attack—TIA) each year.

The other side of the coin is that a lack of recognition of common peripheral 
vestibular problems (such as BPPV and vestibular neuritis) can result in undertreat-
ment, incorrect treatment, and resource overutilization.

A recent review of misdiagnosis of patients with dizziness suggested five com-
mon pitfalls [39]. These are overreliance on a symptom quality approach to diagno-
sis, underuse of timing and triggers approach, lack of familiarity with key physical 
examination findings, overweighting traditional factors such as age and vascular 
risk factors to screen patients, and overreliance on CT.  Although stroke is more 
common in older individuals, young patients do have strokes, a fact that may con-
tribute to misdiagnosis [5, 40, 41].

 A New Paradigm to Diagnose Patients  
with Acute Dizziness: ATTEST

A new diagnostic paradigm which is based on the timing, triggers, and context of the 
dizzy symptoms might reduce misdiagnosis and decrease unnecessary resource uti-
lization. My personal experience is that it allows one to confidently make a specific 
diagnosis more frequently than the traditional paradigm. The basic idea is that it is 
the timing, triggers, evolution, and context of symptoms that should drive the workup 
rather than the specific words that a patient uses to describe their dizziness [6, 21]. I 
favor the mnemonic: ATTEST—which stands for A (associated symptoms), TT 
(timing and triggers), ES (bedside exam signs), and T (additional testing as needed).

This new paradigm may seem like a radically new way of approaching the dizzy 
patient, but this is only because the traditional “symptom quality” approach is so 
deeply engrained in how this subject has been taught [21]. In fact, using a timing 
and triggers approach is no different than taking a history in any other patient.

Using this paradigm, there are four timing and triggers categories that are important 
for emergency physicians (Table 6.3). In the traditional paradigm, a patient who endorsed 
“vertigo” would get an evaluation to try to diagnose peripheral vestibular versus central 
nervous system (CNS) causes of dizziness. This has led to confusion. Physicians tend to 
treat all patients with peripheral vertigo the same, whereas the two most common by far 
being BPPV and vestibular neuritis should be treated very differently [7]. The following 
sections will review the presentation, differential diagnosis, and appropriate testing to 
make a specific diagnosis for each of the timing and triggers categories.
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History & exam suggest a non-
neurologic general medical cause?

Is the dizziness triggerable?

Has the dizziness been
continuously present & persists

at time of evaluation?

Use physical exam to
distinguish

vestibular neuritis
from stroke*

Use history to
distinguish

vestibular migraine
from TIA*

Use physical exam to
distinguish BPPV from
CPPV and orthostatic

hypotension*

*For each vestibular syndrome, only the most common benign and dangerous diagnoses are listed

Evaluate & treat
presumed
diagnosis

Diagnostic “STOP”

Pathologic nystagus?

Arm dysmetria?

Truncal ataxia sitting up?

Yes

Yes

Yes

Yes

No

No

NoNo

AVS s-EVS t-EVS

ATTEST: Diagnostic Approach to the Acutely Dizzy Patient

•
•
•

Table 6.3 Timing- and-trigger-based “vestibulara syndromes” in acute dizzinessb

Syndrome Description Common causes
AVS Rapid onset of acute dizziness that lasts 

days, often associated with nausea, 
vomiting, and head-motion intolerance

Benign: vestibular neuritis and 
labyrinthitis
Serious: cerebellar stroke

t-EVSc Episodic dizzy episodes triggered by 
some specific obligate event, usually 
head movement or standing up and 
usually last less than 1 min

Benign: BPPV
Serious: orthostatic hypotension and 
CPPV

s-EVS Episodic dizzy episodes that occur 
spontaneously are not triggered and 
usually last minutes to hours

Benign: vestibular migraine, 
Meniere’s disease
Serious: TIA

CVS Chronic dizziness lasting weeks to 
months (or longer)

Benign: medication side effects, 
anxiety, and depression
Serious: posterior fossa mass

AVS acute vestibular syndrome, t-EVS triggered vestibular syndrome, s-EVS spontaneous vestibu-
lar syndrome, BPPV benign paroxysmal positional vertigo, CPPV central paroxysmal positional 
vertigo, TIA transient ischemic attack, CVS chronic vestibular syndrome
aNote that the use of the word “vestibular” here connotes vestibular symptoms (dizziness or vertigo 
or imbalance or light-headedness), rather than that the underlying causes is necessarily vestibular
bThis table lists the more common causes of these presenting syndromes and is not intended to be 
encyclopedic
cDizziness is “triggered” when it is brought on from a baseline of no symptoms, as in positional vertigo 
due to BPPV. This must be distinguished from dizziness that is “exacerbated” from a milder baseline 
state; such exacerbations are common in AVS, whether peripheral (neuritis) or central (stroke)
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 Acute Vestibular Syndrome (AVS)

Spontaneous AVS is defined as the acute onset of persistent dizziness in association 
with nausea or vomiting, gait instability, nystagmus, and head-motion intolerance 
that lasts days or weeks and gradually resolves [6, 21, 42]. Patients are usually 
symptomatic at the time of assessment, and focused physical examination is often 
diagnostic. The most common cause is vestibular neuritis (dizziness only) or laby-
rinthitis (dizziness plus hearing loss or tinnitus) [42]. The most frequent dangerous 
cause is posterior circulation ischemic stroke, generally in the cerebellum or lateral 
brainstem [42]. A distant third most common cause is multiple sclerosis [43, 44]. 
Uncommon causes of an isolated AVS include cerebellar hemorrhage and a number 
of rare, but often treatable, autoimmune, infectious, or metabolic conditions [43, 
45]. The spontaneous AVS is to be distinguished from a triggered AVS, which we 
will not further discuss in this paper because the cause is usually obvious, such as 
post-traumatic dizziness or diphenylhydantoin toxicity.

An important concept is that patients with an AVS generally experience worsen-
ing of their symptoms with head movement. These exacerbating features should not 
be mistaken for head movement triggers that facilitate diagnosis in EVS patients. 
Confusion on this point probably contributes to difficulty differentiating BPPV 
from vestibular neuritis [6, 7, 46]. Acute BPPV patients occasionally complain of 
more persistent symptoms that may be due to repeated triggering symptoms with 
small, inadvertent head movements or anticipatory anxiety about moving. This can 
usually be teased out by careful history taking. When such patients lack obvious 
features of vestibular neuritis or stroke, the Dix-Hallpike and supine roll test can be 
performed to assess for an atypical, AVS-like presentation of BPPV [47].

Vestibular neuritis is a benign, self-limited, presumed viral, or post-viral inflam-
matory condition affecting the vestibular nerve and causing spontaneous AVS, simi-
lar to Bell’s palsy (seventh nerve) but involving the vestibular portion of the eighth 
nerve. Some cases are associated with inflammatory disorders (e.g., multiple scle-
rosis or sarcoidosis), but most are idiopathic and possibly linked to herpes simplex 
infections [48]. The idiopathic form is generally monophasic and resolves over days 
to weeks. Routine MRI with contrast is generally negative [49]. The diagnosis is 
usually clinical. A related condition, herpes zoster oticus (Ramsay Hunt syndrome 
type 2), may present with AVS, usually in conjunction with hearing loss, facial 
palsy, and a vesicular eruption in the ear or palate [50].

Posterior fossa strokes may present with AVS mimicking vestibular neuritis (or 
labyrinthitis if auditory symptoms are present) [51]. The prevalence of cerebrovas-
cular disease in patients presenting to the ED with dizziness is 3–6% [1, 2, 13, 23], 
but among AVS presentations, it is estimated at ~25% [42]. Almost all (96%) are 
ischemic strokes, rather than hemorrhages [42, 45]. CT sensitivity for acute isch-
emic stroke is low and probably worse in the posterior fossa [52–54]. Therefore, CT 
cannot “rule out” ischemic stroke in AVS, a fact often contributing to misdiagnosis 
[5, 39, 46]. Importantly, even MRI with diffusion-weighted imaging (DWI) misses 
10–20% of strokes in AVS during the first 24–48 h after symptom onset, and repeat 
delayed imaging (3–7 days post symptom onset) may be required to confirm the 
presence of a new infarct [42, 55, 56].
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Fortunately, the physical examination can help make the distinction between ves-
tibular neuritis and posterior circulation stroke with greater sensitivity than early 
MRI [55, 56]. These two studies were done by neuro-otologists performing a tar-
geted ocular motor exam consisting of three components—the head impulse test 
(HIT), testing for nystagmus, and skew deviation (HINTS—head impulse, nystag-
mus, test of skew). One other study showed similar accuracy when performed by 
stroke neurologists [57]. Preliminary evidence suggests that “specially trained” 
emergency physicians can learn to use nystagmus and head impulse testing [58, 59]. 
My own anecdotal experience also suggests that with some training, emergency phy-
sicians can perform and interpret this examination. However, because this approach 
has not been fully validated when used by nonspecialists, I have added two additional 
components that should be a part of the basic evaluation of the acutely dizzy patient 
anyway—the general neurological examination and testing of gait.

I do not perform these tests in the order of the HINTS mnemonic but rather in the 
following order:

 1. Nystagmus testing
 2. Skew deviation
 3. Head impulse testing (HIT)
 4. General neurological exam, focusing on cranial nerves including hearing, cere-

bellar testing, and long-tract signs
 5. Gait testing

There are two reasons for this sequence. Firstly, I like to start with the least 
“intrusive” parts of the examination, and, secondly, nystagmus testing is the compo-
nent that helps the most, in part by its presence or absence and in part by its quality. 
Once any one component tests “positive” for a central cause, then the patient’s dis-
position (admission for further neurological evaluation) is clear. Although all five 
components mentioned above are part of a complete examination for a patient with 
an AVS, causing the patient to feel worse with further intrusive testing (e.g., testing 
gait that provokes vomiting) after a less intrusive test is positive will not change the 
disposition and just result in the patient feeling worse.

Furthermore, nystagmus helps to anchor and inform the rest of the process. 
Essentially all patients with an AVS due to vestibular neuritis will have nystagmus 
if examined within the first days, so its absence should make one question the diag-
nosis. To be sure that nystagmus is truly absent, it should be tested with visual fixa-
tion removed. Experts state that the absence of nystagmus in a patient examined 
with their visual fixation removed essentially rules out a vestibular cause for the 
dizziness [60]. Subspecialists typically use Frenzel lenses to remove visual fixation, 
neither available nor common practice in emergency medicine practice. A simple 
solution is to take a large piece of white paper, place it close to the patient’s eyes 
(telling them to “look through the paper”), and examine the nystagmus from the 
side. This technique is only needed if there is no nystagmus with the basic exam.

If nystagmus is truly absent, then this is unlikely to be a vestibular process, and 
therefore head impulse test is not useful and may yield false information. It is still 
important to perform a complete neurological exam with special attention to 
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brainstem and cerebellar function and gait since patients with cerebellar stroke 
often do not have nystagmus.

The degree (or amplitude) of nystagmus can fluctuate markedly even over hours. 
This may represent the natural history of the underlying pathology as the CNS accom-
modates to the abnormal physiology from vestibular neuritis or from medications 
(e.g., ondansetron or a benzodiazepine) that are often appropriately used in the ED to 
reduce symptoms but may accelerate the rate at which the nystagmus dampens.

Nevertheless, clinical testing for nystagmus is quite simple. Have the patient look 
straight ahead in “neutral” or “primary” gaze and observe for eye movements. By 
convention, the direction of nystagmus is named by the direction of the fast compo-
nent. With minimal practice this is easy to see and describe. Importantly, it is the 
details of the nystagmus, not simply its presence that is most diagnostically impor-
tant. After observing for nystagmus in primary gaze, test for “gaze-evoked” nystag-
mus by having the patient look to the right and then to the left, each for several 
seconds, and observe for the presence of nystagmus and the direction of its fast-
beating component. The patient only needs to move their eyes 20–30° off- center 
when testing for gaze-evoked nystagmus because many normal individuals will have 
a few beats of horizontal nystagmus on full end gaze. This physiologic nystagmus is 
generally very low amplitude and extinguishes quickly. Table 6.4 shows the typical 
findings for patients with the ocular motor examination for patients with the 
AVS. Direction-changing gaze-evoked nystagmus or nystagmus that is pure torsional 
or vertical is central in origin (in the setting of an AVS, a stroke).

Skew deviation  (a vertical misalignment of the eyes due to imbalance in the 
gravity-sensing pathways) is not very sensitive (30%) but is very specific (98%) for 
a brainstem lesion [42]. For this examination, the examiner uses the “alternate 
cover” test. With the patient looking directly at the examiner’s nose, the physician 

Table 6.4 Acute vestibular syndrome oculomotor physical findings

Oculomotor exam 
component

Peripheral (usually vestibular 
neuritis)

Central (usually posterior 
circulation stroke)

Nystagmus
(neutral gaze and 
gaze to the right and 
left)

Dominantly horizontal and 
direction-fixed, beating away 
from the affected side

Direction-changing horizontal or 
dominantly vertical and/or 
torsional and then centralb

(often mimics peripheral)
Test of skew
(alternate cover test)

Normal vertical eye alignment 
(i.e., no skew deviation)

Often mimics peripheral; if skew 
deviation is present, then centralc

Head impulse test 
(HIT)

Unilaterally abnormal toward the 
affected side (presence of a 
corrective saccade)a

Usually bilaterally normal (no 
corrective saccade)

aStrokes in the anterior inferior cerebellar artery (AICA) territory may produce a unilaterally 
abnormal head impulse test that mimics vestibular neuritis, but hearing loss is usually present as a 
clue. If a patient has bilaterally abnormal HIT, this is also suspicious for a central lesion if nystag-
mus is present (AICA stroke or Wernicke’s syndrome)
bInferior branch vestibular neuritis will present with downbeat-torsional nystagmus, but this is a 
rare disorder. From the emergency medicine perspective, vertical nystagmus in a patient with an 
AVS patient should be considered to be central (a stroke)
cSkew deviation, demonstrated by the bedside alternate cover testing, is very rare in peripheral 
vestibular cases; its presence should be considered to be central (a stroke, often in the brainstem)
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alternately covers the right eye and then the left eye and continues alternating back 
and forth, approximately every 2 s. In patients with skew deviation, each time the 
covered eye is uncovered, there will be a slight vertical correction (one side corrects 
upward and the other corrects downward). The amplitude of correction is small, 
1–2 mm; therefore, it is key for the examiner to focus on one eye (either one), rather 
than following the uncovered eye. A normal response is no vertical correction, and 
an abnormal response should be considered a stroke in patients with an AVS.

The next component is the HIT, a test of the vestibulo-ocular reflex (VOR), only 
described in 1988 [61]. Standing in front of the patient, the examiner holds the 
patient’s head by each side and instructs the patient to maintain their focus on the 
examiner’s nose and to keep their head and neck loose. Then the examiner very 
quickly turns the patient’s head about 10–20 °, using a lateral to center motion. The 
normal (individuals with normal vestibular function) response is that the patient’s 
focus will stay locked on the examiner’s nose. The presence of a corrective saccade 
(the eyes move with the head and then snap back in a fast corrective movement to 
the examiner’s nose) is a “positive” test (abnormal VOR), which generally indicates 
a peripheral process, usually vestibular neuritis. The absence of a corrective saccade 
in AVS is consistent with a stroke.

It may seem counterintuitive that a normal finding predicts a dangerous disease. 
This is why the HIT is only useful in patients with the AVS and nystagmus. If an 
acutely dizzy patient with an AVS does not have nystagmus, it’s very unlikely to be 
vestibular, and therefore the HIT (which is meant to distinguish neuritis from stroke) 
becomes far less useful and usually misleading. Similarly, if the HIT were done in 
a patient with dizziness from urosepsis or dehydration, the test will be negative, i.e., 
worrisome for a stroke.

Patients with cerebellar stroke have a negative (normal) HIT [30, 62]. This is 
because the circuit of the VOR does not loop through the cerebellum. On the other 
hand, occasional patients with posterior circulation stroke will have a falsely “posi-
tive” (abnormal) HIT, usually from a lateral brainstem infarct involving the location 
where the vestibular nerve enters the brainstem. These strokes are uncommon and 
involve the anterior inferior cerebellar artery stroke (AICA) territory or an infarc-
tion directly involving the inner ear (labyrinthine stroke) itself. In both situations, 
acute hearing loss usually occurs. Adding a bedside test of hearing (“HINTS plus”) 
will help to pick up the occasional AICA stroke [63]. This last point is important 
because traditional teaching is that if both hearing and dizziness coexist, the prob-
lem is peripheral (in the labyrinth). However, the blood supply to the labyrinth is 
due to ischemia of branches of the AICA, so this co-involvement of hearing and 
dizziness can occur from a stroke [64–66]. The relative frequency of this occurring 
from a peripheral cause (true labyrinthitis) as opposed to stroke (AICA territory) is 
unknown.

A recent article with attached video clips reviews these physical examination 
findings [27]. Because HINTS testing has not been fully validated when done by 
nonspecialists, I recommend adding two additional components of the HINTS test-
ing—brainstem and cerebellar testing and gait testing. Key elements include testing 
for pupillary function, facial motor and sensory symmetry, and dysarthria. Lateral 
medullary stroke (Wallenberg’s syndrome), an important cause of the AVS, merits 
special attention. These patients have dysarthria, dysphagia, or hoarseness due to 
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lower cranial neuropathy and may have Horner’s syndrome with mild ptosis and 
anisocoria that may only be evident in dim light (so that the normal larger pupil 
fully dilates, making the difference in pupil size more apparent) [67]. Common 
physical examination findings are hemifacial decreased pain and temperature sensa-
tion. Routine testing of only light touch can miss this finding.

Finally, if all four initial components of the exam (nystagmus, skew deviation, 
HIT, and general neurological exam) are nondiagnostic, gait testing must be per-
formed. Ideally have the patient walk unassisted, but for patients too symptomatic 
to walk, test for truncal ataxia by asking the patient to sit upright in the stretcher 
without holding onto the side rails. A patient who cannot walk or sit up unassisted 
is unsafe for discharge, and an AVS patient who is unable to walk is more likely to 
have had a stroke than vestibular neuritis [30].

Imaging is not very useful in patients with the AVS. CT is a poor test for poste-
rior circulation stroke [52–54]. MRI, even with DWI, misses 10–20% of strokes in 
AVS during the first 24–48 h [42, 55, 56]. In small brainstem strokes, MRI, with 
DWI, can still miss upward of 50% when tested within 48 h [56]. Importantly, half 
of those small strokes were not due to small vessel disease, but due to vertebral 
artery atherosclerosis or dissection. Therefore, in patients with the AVS, the physi-
cal examination is more sensitive than MRI.

An Italian ED study (in which the emergency physicians used Frenzel lenses to 
test for nystagmus) exploited elements of this bedside exam and showed that it 
decreases both CT use and hospitalization [59]. However, another survey study 
found that many emergency physicians clearly do not understand or feel confident 
in HINTS testing and overuse CT [41]. This same study showed that emergency 
physicians tend to overvalue the dizziness type in making a diagnosis. Although 
traditional vascular risk factors underperform HINTS and neurological exam testing 
[19, 63], emergency physicians still value them over bedside testing [41].

 Triggered Episodic Vestibular Syndrome (t-EVS)

Patients with t-EVS have short-lived episodes of dizziness lasting seconds to a few 
minutes, depending on the underlying etiology. There is an “obligate” trigger, mean-
ing that each time the specific trigger occurs, the dizziness follows. Common triggers 
are changes in head position or body posture, especially arising from the lying or 
seated position to standing. Vomiting can occur and may lead patients to overestimate 
episode duration. Clinicians must distinguish triggers (provoke new symptoms not 
present at baseline) from exacerbating features (worsen preexisting baseline symp-
toms), since head movement will exacerbate acute vestibular dizziness of any cause. 
Common etiologies are BPPV and orthostatic hypotension. Dangerous causes include 
central (neurologic) mimics of BPPV and serious causes of orthostatic hypotension 
such as internal bleeding or sepsis with relative hypovolemia. Since the symptoms can 
be triggered, the physician should be able to re- create them at the bedside.

BPPV, the most common vestibular cause of dizziness with a lifetime prevalence 
of 2.4% and increasing incidence with age [68], results from mobile crystalline 
debris in one or more semicircular canals (“canaliths”). Classical symptoms are 
repetitive brief, triggered episodes of rotational vertigo lasting more than a few 
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seconds and less than a minute [69, 70]; non-vertiginous symptoms are frequent 
[25]. The diagnosis is confirmed by reproducing symptoms using canal-specific 
positional testing maneuvers (Table 6.5) [70–72]. Since the offending canal(s) are 
generally not known in advance, a sequence of multiple diagnostic maneuvers is 
typically performed starting with the Dix-Hallpike maneuver because this tests the 
posterior canal, which is by far the most common involved [60]. A detailed recent 
review of these exam maneuvers includes instructive video clips [27]. Despite the 
fact that BPPV is quite common, a majority of emergency physicians report that 
they do not use the Dix-Hallpike (diagnostic) or Epley (therapeutic) maneuvers in 
practice [41]. Once the correct canal is identified by these maneuvers, bedside treat-
ment with canal repositioning maneuvers can follow [70].

Rarely, central paroxysmal positional vertigo (CPPV) mimics BPPV. This is usu-
ally caused by posterior fossa lesions including neoplasm, infarction, hemorrhage, 
and demyelination. Factors that help to distinguish BPPV from CPPV are summa-
rized in Table 6.6 [73].

Orthostatic hypotension affects 16% of adults [74] and accounts for 24% of 
acute syncopal presentations [75]. Classical symptoms are brief presyncope on aris-
ing, but vertigo is common [24]. Orthostatic hypotension is a sustained decline in 
blood pressure of at least 20 mmHg systolic or 10 mmHg diastolic within 3 min of 
standing [76]. Recent work suggests optimal cutoffs should be adjusted based on 
baseline blood pressure [77]. However, the orthostasis can be delayed (onset 
>10 min), and the duration of monitoring remains controversial [78–80].

Emergency physicians are familiar with the most common causes of acute 
orthostasis such as medications and hypovolemia. Strong bedside predictors of 

Table 6.5 Positional nystagmus findings in triggered, episodic vestibular syndrome (t-EVS)

Positional tests 
in t-EVS

BPPV (posterior 
canal)

BPPV (horizontal 
canal) Central

Dix-Hallpike 
test 
(diagnostic 
test)

Upbeat-torsionala

5–30 s
No spontaneous 
reversal

Noneb Variable direction (downbeat or 
horizontal; almost never upbeat)
Variable duration (often >90 s)
No spontaneous reversal

Supine roll 
test 
(diagnostic 
test)

Noneb Pure horizontalc

30–90 s
Spontaneous 
reversal typical

Variable direction (downbeat or 
horizontal; almost never upbeat)
Variable duration (often >90 s)
No spontaneous reversal

BPPV benign paroxysmal positional vertigo
aThe nystagmus of posterior canal BPPV will have a prominent torsional component, and the 12 
o’clock pole of the eye will beat toward the down-facing (tested) ear. Although the nystagmus will 
reverse on arising from the Dix-Hallpike position, there will be no spontaneous reversal
bAlthough the Dix-Hallpike test is fairly specific to posterior canal BPPV and the supine roll test to 
horizontal canal BPPV, the maneuvers may sometimes stimulate the other canal. If so, the nystagmus 
direction will depend on the affected canal, not on the type of maneuver eliciting the nystagmus. The 
nystagmus may be considerably weaker and less evident than when using the “correct” maneuver
cThe nystagmus of horizontal canal BPPV may beat toward the down-facing ear or away from it. 
The nystagmus will often crescendo and then slow down and reverse spontaneously even without 
moving the head. When the opposite side is tested, the nystagmus will usually beat in the opposite 
direction (e.g., if right-beating initially with the right ear down and then left-beating initially with 
the left ear down)
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moderate blood loss are postural dizziness so severe as to prevent standing or a 
postural pulse increment >30 beats per min, but the sensitivity of these findings is 
only 22% [81]. Furthermore, the benign postural orthostatic tachycardia syn-
drome (POTS) produces similar clinical findings [82]. The absence of tachycardia 
or even relative bradycardia can occur with intraperitoneal blood such as ruptured 
ectopic pregnancy [83].

BPPV produces dizziness upon arising in 58% [68], which can mimic ortho-
static hypotension [84], and often goes undiagnosed in the elderly [25, 85]. 
Alternatively, orthostatic hypotension may be incidental and misleading, espe-
cially in older patients taking antihypertensive medications [86]. In patients 
with postural symptoms, BPPV and orthostatic hypotension can usually be dif-
ferentiated by considering other positional triggers such as rolling over in bed 
or reclining, both of which are common in BPPV but should not occur with 
orthostatic hypotension.

BPPV notwithstanding, orthostatic dizziness and orthostatic hypotension are not 
always related [74, 87]. Orthostatic dizziness without systemic orthostatic hypoten-
sion has been reported with hemodynamic TIA due to vascular stenosis [88] and in 
patients with intracranial hypotension [89]. Neurological evaluation is probably 
indicated for patients with reproducible and sustained orthostatic dizziness but no 
demonstrable hypotension.

 Spontaneous Episodic Vestibular Syndrome (s-EVS)

The s-EVS is marked by recurrent, spontaneous episodic dizziness that ranges in 
duration from seconds to days but usually lasts minutes to hours. Most patients 
are therefore asymptomatic at the time of clinical assessment, and if they are, one 
cannot provoke an episode at the bedside (because it is not “triggerable”), so the 

Table 6.6 Characteristics of 
patients with t-EVS that 
suggest a central mimic 
(CPPV) rather than typical 
BPPV

1.  Presence of symptoms or signs that are NOT seen in BPPV
(a) Headache
(b) Diplopia
(c) Abnormal cranial nerve or cerebellar function

2. Presence of nystagmus without dizziness
3. Atypical nystagmus characteristics

(a) Down-beating nystagmusa

(b)  Nystagmus that beats in different directions on repeat 
testing

4. Poor response to therapeutic maneuvers
(a)  Unable to cure patient with typical canalith 

repositioning maneuver
(b) Frequent recurrent symptoms

aDown-beating nystagmus can be seen with anterior canal 
BPPV. However because BPPV of this canal is rare and because 
down-beating nystagmus is also seen with central causes, it is safer 
for emergency physicians to consider this finding to be always 
worrisome prompting imaging, consultation, and/or referral
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evaluation relies almost entirely on history. The most common benign cause is 
vestibular migraine [90–92] followed by Ménière’s disease [91]. The most com-
mon dangerous cause is vertebrobasilar TIA [93]. Other causes of the s-EVS 
include reflex (e.g., vasovagal) syncope [94] and panic attacks [95]. Uncommon 
dangerous causes of s-EVS are cardiovascular (cardiac arrhythmia, unstable 
angina pectoris, pulmonary embolus), endocrine (hypoglycemia, neurohumoral 
neoplasms), or toxic (intermittent carbon monoxide exposure). Diagnosis is not 
difficult when cases are typical. Unfortunately, classical features such as frank 
loss of consciousness in reflex syncope [96], headache in vestibular migraine 
[97], and fear in panic attacks [98] are frequently absent. Atypical case presenta-
tions probably contribute to diagnostic confusion in patients with transient neu-
rological attacks [99].

Definite vestibular migraine diagnosis requires recurrent attacks with vestibular 
symptoms, a history of migraine according to the International Classification of 
Headache Disorders, and migraine symptoms during at least half of the attacks [91]. 
Attack duration in vestibular migraine ranges from seconds to days [91]. Headache 
is often absent with the attack; when headache does occur, it may begin before, dur-
ing, or after the dizziness and may differ from the patient’s other “typical” migraine 
headaches [91, 100]. Nausea, vomiting, photophobia, phonophobia, and visual 
auras may accompany vestibular migraine. Hearing loss or tinnitus sometimes 
occurs [101], creating some overlap between vestibular migraine and Ménière’s 
disease [102]. If present, nystagmus can be of a peripheral, central, or mixed type 
[100]. The diagnosis is normally made based purely on clinical history and the 
exclusion of alternative causes [91].

Patients with Ménière’s disease classically present with episodic vertigo accom-
panied by unilateral tinnitus and aural fullness, often with reversible sensorineural 
hearing loss. Episodes typically last minutes to hours. Only one in four initially 
present with the complete symptom triad [103], and non-vertiginous dizziness is 
common [104]. Definite Ménière’s disease requires at least two spontaneous epi-
sodes of vertigo lasting at least 20 min, audiometrically documented hearing loss (at 
least once, whether transient or persistent), and tinnitus or aural fullness in the 
affected ear, with other causes excluded [91].

Reflex syncope (also called neurocardiogenic or neurally mediated syncope) 
includes vasovagal syncope, carotid sinus hypersensitivity, and situational syncope 
(e.g., micturition, defecation, cough) [105]. Those who faint usually experience 
prodromal symptoms; presyncopal spells without loss of consciousness substan-
tially outnumber spells with syncope [94]. Dizziness is the most common presynco-
pal symptom, and it may be of any type, including vertigo [106]. Presyncopal 
symptoms usually last 3–30  min [107]. Diagnosis is based on clinical history, 
excluding dangerous mimics (especially arrhythmia), and can be confirmed by for-
mal head-up tilt table testing [82].

The principal dangerous diagnosis for s-EVS is TIA [93]. Although for years 
isolated vertigo was considered to not be due to TIA, recent evidence strongly sug-
gests that TIA can present with dizziness, even isolated attacks of vertigo [108]. 
TIAs can present with isolated episodes of dizziness weeks to months or even years 
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prior to a completed infarction [109, 110]. Dizziness is the most common symptom 
in basilar artery occlusion [111] and occurs without other neurological symptoms in 
20% of cases [112]. Dizziness is the most common presenting symptom of vertebral 
artery dissection [113], which affects younger patients, mimics migraine, and is eas-
ily misdiagnosed [5]. Because 5% of TIA patients suffer a stroke within 48  h, 
prompt diagnosis is critical [114]. Patients with posterior circulation TIA may have 
an even higher stroke risk than those with anterior circulation spells [115, 116]. 
Rapid treatment lowers stroke risk after TIA by about 80% [117, 118].

Cardiac arrhythmias should also be considered in any patient with spontaneous EVS, 
particularly when syncope occurs [24]. Although some clinical features may increase or 
decrease the odds of a cardiac cause [105], additional testing (e.g., cardiac loop record-
ing) is often required to confirm the final diagnosis [82].

Diagnostic Approach to the Acutely Dizzy Patient

Episodic vestibular syndromes^

Examiner can trigger
the dizziness at time of

exam
(triggered-EVS)

Examiner cannot trigger
the dizziness at time of

exam
(spontaneous-EVS)

Acute vestibular syndrome

Test carefully for nystagmus ^

Is there worrisome nystagmus (direction-
changing, vertical or torsional)?

Is skew-deviation present?

Is the general neuro exam abnormal?

Yes to any:
stroke (or other

CNS lesion)

Most common cause is vestibular
migrane

What is the trigger?

Meniere’s is much less common
standing up is likely orthostatic hypotension
Dix-Hallpike maneuver is pc-BPPV
Supine head roll is hc-BPPV

Worrisome causes of t-EVS include
dangerous causes of orthostasis and
central (mimic) BPPV called CPPV

^These patients have one of two episodic vestibular syndromes. At the time of
the exam, when the patient is not moving, they are NOT dizzy.

Posterior circulation TIA is most
worrisome cause

Is patient unable to stand, sit or walk
unassisted?

No to all:
vestibular

neuritis

Yes

Yes

Yes

Yes

Yes No

No

No

No

No

^. IMPORTANT CAVEAT: if nystagmus is absent, do not do the
HIT. It is not useful and potentially misleading in these patients

HIT ^ → normal (no corrective saccade)?

to be certain nystagmus is
absent, remove visual fixation

Associate symptoms & context suggest
a toxic-metabolic-infectious cause?

Yes

Symptom/finding

Headache

Neck pain

Chest/back pain

Abdominal/back
pain

ectopic pregnancy, intraabdominal sepsis

PE, pneumonia, anemiaDyspnea

Palpitations arrhythmia, panic disorder

hypovolemia, anemiaBleeding/fluid loss

New/changed
medications

Fever/chills

Altered mental
status

Transient LOC

Abnormal glucose symptomatic hypoglycemia, DKA

ectopic pregnancy

explain themOther abnormal VS

* this group accounts for ~ 50% of acutely dizzy patients in an ED population

+ pregnancy test

arrythmia, ACS, PE, vasovagal syncope, 
seizure, hypovolemia

stroke, SAH

stroke, drug/illicit susbstance intoxication
encephalitis, seizure, Wernicke’s syndrome, 
CO exposure

systemic infection meningitis, encephalitis

medication side effects or toxicity

ACS, PE aortic dissection

vascular dissection (especially vertebral artery)

stroke, vascular dissection,vestibular migraine meningitis, CO exposure, abnormal 
intracranial pressure

More common causes Rare causes

No

At the time of exam, with the
patient at rest, they are NOT dizzy

(t-EVS or s-EVS)

At the time of exam, with the
patient at rest, they ARE dizzy (i.e.,
they have acute onset, continuous

dizziness - AVS)

Associated symptoms & context suggest a 
toxic-metabolic-infectious cause *
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 Putting It All Together: An Overarching Algorithm

Taking a history of a dizzy patient should be no different than taking a history in 
nearly any other patient. The timing, triggers of the dizziness (and not the descriptor 
used), as well as the evolution of the symptoms, associated symptoms, and epide-
miologic context inform the differential diagnosis. Bedsides, physical examination 
can frequently establish a specific diagnosis. This newer paradigm (see Figure) has 
not yet been validated in large numbers of ED patients treated by emergency physi-
cians, but current evidence and experience suggest that this is possible.

 Conclusions

Dizziness, vertigo, and unsteadiness are extremely common complaints caused 
by numerous diseases that span organ systems. Diagnosis can therefore be dif-
ficult, a fact leading to overutilization of resources and misdiagnosis. The cur-
rent paradigm used by most physicians is based on symptom quality, a paradigm 
created 40 years ago; a newer paradigm, based on timing and triggers, is more 
consistent with current evidence. History and physical examination is more 
accurate, more efficient, and more likely to result in a specific diagnosis than the 
 traditional paradigm.

 Pearls and Pitfalls

• The timing and triggers of a patient’s dizziness are much more important than the 
word that a patient uses to describe their dizziness (e.g., “vertigo” versus “light-
headed” versus “imbalance”).

• In patients with an acute vestibular syndrome (nausea or vomiting, gait instabil-
ity, nystagmus, and head-motion intolerance that lasts days or weeks and gradu-
ally improving), physical examination allows better distinction between 
vestibular neuritis and stroke (the two most common causes) than MRI during 
the first 2 days of illness.

• Patients with BPPV can be diagnosed and treated using bedside maneuvers (Dix- 
Hallpike and Epley maneuvers) without the need for imaging or consultation.
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7Acute Vision Loss and Diplopia

David C. Lebowitz, Amninder Singh, and Amanda Webb

 Acute Vision Loss

 Case Presentation

A 57-year-old female with past medical history of atrial fibrillation, diabetes mel-
litus, hyperlipidemia, and hypertension presents to the emergency department for a 
brief episode of painless vision loss in her left eye shortly before arrival. She 
describes the vision loss as a curtain pulled over the eye with vision returning spon-
taneously minutes later. She denies trauma to the eye, headache, fever, history of 
migraines, or prior similar episodes.

 Approach to Vision Loss

When approaching eye emergencies, it’s important to have an algorithmic approach 
that depends on the patient’s history. The differential diagnosis for vision loss is vast 
and can include ophthalmologic as well as neurologic etiologies. Using the patient’s 
history and key physical exam findings will help point to a specific pathology. When 
a patient presents with vision loss, it’s important to ascertain what their true percep-
tion is. Asking about blurry or cloudy vision, difficulty seeing far or near, and loss 
of certain areas of vision is important and can help cue you into their specific diag-
nosis. In addition, it’s important to specify whether the visual loss is monocular or 
binocular which sometimes can be difficult for patients themselves to determine [1].

Physical exam should include a full ocular exam including assessment of pupil-
lary size and response, searching for an afferent pupillary defect. Funduscopic exam 
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should be attempted and dilating drops can be given for ease of exam, so long as 
there is not a contraindication, such as concern for acute angle-closure glaucoma. 
Visual acuity testing should be done with patients wearing their glasses, to test for 
corrected vision. Additionally, visual field testing by confrontation with assessment 
of each eye separately can reveal certain visual deficits and diagnoses [1].

The following will be a discussion on the various possibilities of vision loss 
organized by type of vision impairment: transient monocular vision loss, persistent 
monocular vision loss, persistent monocular or binocular vision loss, and binocular 
vision loss.

 Transient Monocular Vision Loss

Amaurosis fugax is a painless, monocular loss of vision caused by hypoperfusion 
to the retina and optic nerve. This is described as transient with a return to baseline 
over seconds to minutes [2]. Amaurosis fugax is associated with carotid artery 
disease, hypercoagulable states, and illicit drug use [2, 3]. Emboli from either the 
common or internal carotid arteries embolize to the retinal circulation [1]. The 
visual deficits may include a gradual progression of symptoms such as scintillating 
scotomas, colors, or moving specs that can be visible even when the eye is closed. 
The funduscopic exam is nonspecific but may include findings of arteriovenous 
nicking, cotton wool spots, retinal hemorrhages, Hollenhorst plaques, and papill-
edema [2, 4].

Patients with presumed amaurosis fugax will require imaging to uncover the 
underlying etiology such as ischemic or embolic causes which, will be equivalent to 
a traditional stroke workup. Bilateral carotid doppler ultrasonography, magnetic 
resonance angiography (MRA), and/or computed tomography angiography of the 
head and neck can be performed. Echocardiogram should also be considered to look 
for sources of emboli [2]. For suspected ischemic and embolic causes, aspirin can 
be given [2]. Depending on your institutional protocol for stroke and TIA patients, 
patients should be admitted for this workup with ophthalmology and neurology 
consultation. Vascular surgery consultation should be done if the patient has carotid 
artery stenosis greater than 70% [2].

Increased intracranial pressure from idiopathic intracranial hypertension, hydro-
cephalus, cranial masses, or venous sinus thrombosis can also lead to papilledema 
and transient vision loss [1]. Funduscopic exam will show signs of papilledema with 
blurring of disc borders and elevated optic nerve heads. Papilledema is usually bilat-
eral; however, there can be asymmetry leading to monocular vision changes. The 
vision changes may only last seconds and can be exacerbated by changes in pos-
tures. Visual acuity can be normal [1]. Due to the large differential, CT of the brain 
or preferably MRI, if available, should be performed. If imaging is negative, lumbar 
puncture should be considered to evaluate for idiopathic intracranial hypertension 
or infectious causes [1].
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 Persistent Monocular Vision Loss

Similar to amaurosis fugax, central retinal artery occlusion (CRAO) is described as 
a sudden, painless, monocular vision loss; however, CRAO is considered persistent 
vision loss. The vision loss can be complete or partial monocular vision loss depend-
ing on the severity of the occlusion and retinal branches involved [5]. Some patients 
may have experiences of amaurosis fugax as a precursor to CRAO [5]. Risk factors 
include hypercoagulable state, age > 70 years old, diabetes, hypertension, and high 
cholesterol [2, 5, 6]. The central retinal artery originates from the ophthalmic artery, 
which is a branch of the internal carotid artery [7]. The most common cause of 
CRAO is emboli from the carotid artery spreading to the central retinal artery [7]. 
These emboli can originate from carotid artery atherosclerosis or from cardiac 
sources [7]. Carotid artery dissection should be considered as a possible cause in 
patients with clinical features and risk factors [6]. Inflammatory causes such as 
temporal arteritis can also lead to CRAO especially in patients older than age 50 [7]. 
On physical exam, an afferent pupillary defect may be present [5, 7]. In addition, on 
funduscopic exam (Fig. 7.1) a cherry-red spot at the macula with retinal pallor due 
to retinal ischemia is classically preset [5, 7]. Boxcarring in the retinal vessels is a 
finding that can also be seen [7].

CRAO is considered a stroke equivalent [6]. Therefore, management should be 
per your institutional protocol and can include magnetic resonance imaging (MRI) 
with diffusion-weighted imaging (DWI) of the brain to diagnose simultaneous cere-
bral stroke and magnetic resonance angiography (MRA) of the head and neck to 
assess for vascular emboli and occlusion [6]. A baseline electrocardiogram and 
echocardiogram evaluating cardiovascular risk factors should be performed [6]. 
ESR and CRP in patients older than 50 with signs of giant cell arteritis and hyper-
coagulability studies in younger patients are recommended [6].

Fig. 7.1 Funduscopy 
showing acute CRAO with 
cherry-red spot and 
boxcarring of the arterioles 
(From: Zairi I, Mzoughi K, 
Jnifene Z, et al. Ischemic 
cardiomyopathy revealed 
by central retinal artery 
occlusion (CRAO). The 
Pan African Medical 
Journal. 2015;22:250. 
doi:10.11604/
pamj.2015.22.250.7308. 
With permission)
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There are a variety of treatments that exist for CRAO. Treatment is time sensi-
tive, preferably within the first 3 h of visual loss. After 12 h of symptoms, treatment 
is unlikely to have an impact [5, 6]. Medications to lower IOP have been used 
including intravenous mannitol and acetazolamide [6]. Carbogen (95% O2, 5% 
CO2) inhalation and hyperventilation into a brown bag theoretically work through 
retinal vasodilatation by increasing serum CO2 concentration, but this is of ques-
tionable benefit [6]. In fact, there really are no strong evidence-based studies that 
support any specific treatment. Due to the underlying pathology of CRAO as a 
stroke-like equivalent, thrombolytics have been studied but are not recommended at 
this time [6, 7] Digital ocular massage can also be attempted to help dislodge the 
embolus and relieve ocular pressure [7]. It is performed by applying digital pressure 
for 10–20 min over the closed affected eye; however, this maneuver unfortunately 
has also not been proven to improve outcomes [6]. In general, these patients should 
be managed similarly to your stroke population with inpatient admission but with 
emergent neurology and ophthalmology consultation.

Central retinal vein occlusion (CRVO) is another common cause of painless, 
monocular visual loss. There are two types of CRVO: ischemic and nonischemic, 
related to the severity of clot buildup in the central vein [7]. Those with nonischemic 
CRVO usually experience mild visual loss affecting central vision and may be 
asymptomatic. Ischemic CRVO is characterized by a more pronounced vision loss 
and is associated with worse long-term visual acuity [7]. Risk factors for CRVO 
include glaucoma, hypertension, diabetes, and arteriosclerotic risk factors [9].

Funduscopic exam (Fig. 7.2) for CRVO classically reveals the “blood and thun-
der” appearance due to retinal hemorrhages. Exam may also contain dilated and 
tortuous retinal veins, optic disc edema, and cotton wool spots. Treatment from an 
emergency medicine standpoint is very limited, and our main role is to consider this 
diagnosis and consult ophthalmology for referral and guidance [7]. A full neuro-
logic workup and inpatient admission are unnecessary in CRVO as the etiology is 
not from an embolic event [2].

a b c

Fig. 7.2 Central retinal vein occlusion (CRVO) photographs of the fundus. (a) Before the onset of 
CRVO. Simple diabetic retinopathy indicated by a small retinal hemorrhage and hard exudates 
(arrowhead) was observed. The arrow shows the macular region. (b) CRVO. Retinal hemorrhage 
spread throughout the retina. Soft exudates (arrowheads), indicating retinal ischemia, were obvi-
ous. Edema could be seen in the macular region. (c) Recurrence of CRVO. The retinal hemorrhage 
and macular edema increased (From: Ozawa Y, Koto T, Shinoda H, Tsubota K. Vision Loss by 
Central Retinal Vein Occlusion After Kaatsu Training: A Case Report. Edoardo V, ed. Medicine. 
2015;94(36):e1515. doi:10.1097/MD.0000000000001515. With permission)

D.C. Lebowitz et al.
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Retinal detachment can cause monocular, painless vision changes. There are 
three subtypes of retinal detachment. Exudative retinal detachment is caused by 
hemorrhagic or serous fluid collecting in the subretinal space. Tractional retinal 
detachment results from fibrotic tissue causing traction on the retina [7]. This can be 
secondary to postoperative causes, infection, trauma, or inflammation. The most 
common type is rhegmatogenous retinal detachment, which is secondary to vitreous 
detachment posteriorly, causing tears in the retina, leading to fluid accumulating 
from the vitreous cavity into the subretinal space, which leads to retinal detachment. 
Posterior vitreous detachment is very common later in life, affecting as much as 
63% of patients in their eighth decade, and approximately 11–15% of these patients 
develop retinal breaks [10].

Clinical presentation of retinal detachment can include flashes of lights and float-
ers, and this is usually secondary to symptomatic posterior vitreous detachment. 
This can progress to the classic dark curtain over one’s visual field usually starting 
out in the periphery but advancing into the central vision once the macula is involved 
[10, 11].

Approach to these patients should start by measuring visual acuity and perform-
ing visual field testing. An afferent pupillary defect may be seen when retinal 
detachment is severe. On funduscopic exam, a detached retina may be visualized, 
appearing pale and wrinkled, but unfortunately is not sensitive enough. A slit lamp 
exam can also be performed to assess for retinal tears and to also look for pigment 
granules which are associated with detachment. Point-of-care ultrasound (Fig. 7.3) 
by trained emergency physicians is of diagnostic utility with sensitivity for diagno-
sis of retinal detachment as high as 91–100% [12]. Ophthalmology should be con-
sulted immediately for presumed retinal detachment as early intervention and/or 
surgery is associated with better visual outcome [11].

Acute angle-closure glaucoma can cause a painful monocular vision loss. The 
pathophysiology is related to obstruction of normal aqueous outflow leading to ele-
vated intraocular pressure and ocular nerve injury [13]. This can occur on a sub-
acute basis or acutely and suddenly. Patients with acute angle-closure glaucoma 
experience blurry vision that can be described as halos or rainbows around lights 
[13]. They usually experience periorbital and ocular pain [14]. Diagnosis can be 
tricky because sometime patients can also experience a frontal headache and nausea 
and vomiting, which can be mistaken for a migraine [5, 13]. Patients may also have 
abdominal pain associated with their symptoms [8]. Pupillary dilation from dark-
ness can incite symptoms of glaucoma due to worsening aqueous humor obstruc-
tion, whereas a bright room or space can improve symptoms [13].

Examination findings (Fig. 7.4) include a sluggish or fixed mid-dilated pupil, 
conjunctival injection, and a hazy or cloudy cornea [8, 13]. A firm and tender 
globe and narrow anterior chamber angle can also be present [8]. The anterior 
chamber angle is considered narrow if a shadow appears on the nasal portion of 
the iris as opposed to illumination of the entire iris [8]. Intraocular pressure greater 
than 30 mmHg suggests this diagnosis [5]. Pressure greater than 70 mmHg can be 
seen although 40–50 mmHg is enough to cause rapid visual loss [8]. The goal 
for treatment is to reduce intraocular pressure with a return to visual baseline [8]. 
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Fig. 7.3 Ocular 
ultrasound representing 
normal retina (top), 
vitreous hemorrhage 
(middle), and retinal 
detachment (bottom) 
(From: Jacobsen B, 
Lahham S, Lahham S, 
Patel A, Spann S, Fox 
JC. Retrospective Review 
of Ocular Point-of-Care 
Ultrasound for Detection 
of Retinal Detachment. 
Western Journal of 
Emergency Medicine. 
2016;17(2):196–200. 
doi:10.5811/
westjem.2015.12.28711. 
With permission)

D.C. Lebowitz et al.

https://doi.org/10.5811/westjem.2015.12.28711
https://doi.org/10.5811/westjem.2015.12.28711
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One drop each of topical timolol 0.5%, apraclonidine 1%, and pilocarpine 2% 
each given 1  min apart and repeated up to three times every 5  min is recom-
mended to help reduce the intraocular pressure [5, 8]. Acetazolamide 500 mg IV 
or PO can also be given, but it is contraindicated in sulfa-allergic patients [5, 8]. 
IV mannitol can also be considered as a treatment modality [8]. Definitively, laser 
iridotomy by an ophthalmologist is the preferred surgical treatment [14].

 Persistent Monocular or Binocular Vision Loss

Optic neuritis causes a subacute vision loss predominately in younger people, and 
it is triggered by inflammation of the optic nerve. Optic neuritis frequently involves 
only one eye; however, there are cases of binocular vision loss [15]. Optic neuritis 
is associated with demyelinating lesions and multiple sclerosis; however, it can be 
related to many other systemic and autoimmune diseases as well [16]. Patients will 
typically present with a complaint of blurry vision which can be acute or gradual. 
They may describe difficulty distinguishing colors, and more than 90% experience 
periocular pain and pain with eye movement [16, 17]. Symptoms usually last 
2–3  weeks and most recover spontaneously, even without medications [17]. On 
exam, an afferent pupillary defect is commonly present. Visual field loss is fre-
quently present as well [15]. Two thirds of patients on exam will display a normal 
optic disc which indicates a retrobulbar optic neuritis. Optic disc swelling from 
papillitis is present in some patients but is usually mild, without any hemorrhage, 
cotton wool spots, or retinal exudate and deposits [15]. An MRI should be obtained 
in patients with presumed optic neuritis within 2  weeks of start of symptoms. 

Fig. 7.4 Acute angle-closure glaucoma: note cloudy/“steamy” cornea and mid-position, fixed 
pupil (Image courtesy of Jonathan Trove, MD, Wikimedia Creative Common post-content. From: 
Gilani CJ, Yang A, Yonkers M, Boysen-Osborn M. Differentiating Urgent and Emergent Causes of 
Acute Red Eye for the Emergency Physician. Western Journal of Emergency Medicine. 
2017;18(3):509–517. doi:10.5811/westjem.2016.12.31798. With permission)
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Treatment for optic neuritis includes intravenous methylprednisolone 1 g daily for 
3 days plus oral prednisone daily [15]. Treatment decisions should be made in con-
sultation with neurology.

Ischemic optic neuropathy is another cause of sudden onset, painless vision 
loss. Its etiology is due to decreased optic nerve perfusion and frequently occurs 
in elderly patients with vascular risk factors. Ischemic optic neuropathy can be 
divided by anterior and posterior optic nerve involvement [18]. Anterior ischemic 
optic neuropathy is related to intermittent hypotension and dysregulation of optic 
nerve perfusion and is usually from idiopathic causes. Anterior ischemic optic 
neuropathy can also be divided into nonarteritic and arteritic causes [18]. Arteritic 
anterior ischemic optic neuropathy is associated with giant cell arteritis due to 
inflammation of the blood vessel supply leading to obstruction of blood flow to 
the optic nerve [2, 18]. Posterior ischemic optic neuropathy is related to hypoper-
fusion associated with surgery from hypotension, anemia, and positioning while 
in the operating room [2].

Symptoms of ischemic optic neuropathy include an acute, painless loss of vision 
usually monocular; however, in posterior neuropathy binocular involvement may 
occur. Visual field deficits and diminished color vision can be involved as well. 
Patients with giant cell arteritis will usually have other symptomatology such as 
headache, jaw claudication, and/or proximal hip and shoulder stiffness and aches. 
Exam may reveal an afferent pupillary defect and visual field deficits. On fundu-
scopic exam, there can be papilledema with hemorrhages especially in anterior isch-
emic optic neuropathy [2]. Whereas patients with giant cell arteritis may have optic 
disc pallor.

Workup should include ruling out giant cell arteritis based on history and physi-
cal and by obtaining an ESR and C-reactive protein. Temporal artery biopsy is the 
gold standard definitive test for giant cell arteritis [18]. As there can be some overlap 
between ischemic optic neuropathy and optic neuritis, an MRI with gadolinium can 
be obtained to distinguish between the two, especially in younger patients. 
Otherwise, workup is limited in the emergency department and ophthalmology 
should be consulted early.

 Binocular Visual Loss

An insult to the optic chiasm can lead to a bitemporal hemianopia. Central vision 
is spared and the visual deficit can be mild. A pituitary adenoma is a common 
cause of optic chiasm impingement leading to vision changes. Patients can 
exhibit endocrine symptoms such as galactorrhea [1]. Pituitary apoplexy can 
cause sudden symptoms due to hemorrhage or infarction of a pituitary adenoma 
and is usually associated with headache, facial pain, and facial numbness [19]. 
This occurs acutely and can lead to altered mental status and can enlarge into the 
cavernous sinus causing impairment of cranial nerve three, four, and six [1]. 
Meningiomas, craniopharyngiomas, optic gliomas, as well as several other neo-
plasms can also impinge the optic chiasm and cause visual deficits. Patients with 
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optic chiasm involvement may experience decreased peripheral vision, loss of 
depth perception, or double vision. MRI is the preferred diagnostic modality, but 
CT scan can be performed initially [19]. Intracranial aneurysms in the suprasel-
lar region can also impinge on the optic chiasm and lead to visual field deficits. 
Patients usually exhibit other symptoms such as a headache, seizure, and 
decreased responsiveness, and on exam they can display neurologic deficits, 
especially if they have an aneurysmal rupture. Concern for aneurysm should be 
worked up with CTA or MRA of the brain.

Migraine auras are the most common cause of a transient binocular visual loss 
causing scotomas in the visual field and sometimes a complete homonymous hemi-
anopia. Patients that experience binocular vision loss even transiently should be 
considered for a transient ischemic attack (TIA). Differentiating a TIA-provoked 
vision loss from a migraine can be difficult. Migraines are usually sudden onset and 
have a predictable headache, whereas TIAs are sudden onset and do not always 
coexist with a headache, plus there can be other neurologic deficits [20]. The origin 
of a TIA that causes binocular visual loss could be from the distribution of the basi-
lar artery or the posterior cerebral arteries.

Lesions that are retrochiasmal can lead to a bilateral vision loss displayed as a 
homonymous hemianopia. These lesions can involve the optic tract, lateral genicu-
late nucleus, optic radiations, or occipital cortex. Lesions can be secondary to 
tumors, cerebrovascular accidents, and arteriovenous malformations [21]. An iso-
lated homonymous hemianopia most commonly originates from a lesion of the 
occipital lobe, which is usually secondary to cerebrovascular disease [1]. This can 
be evaluated with a CT and/or MRI brain depending on etiology.

Posterior reversible encephalopathy syndrome (PRES) can manifest as binocu-
lar, sometimes complete vision loss in patients. They typically will also present with 
hypertension, headache, seizures, and decreased responsiveness [1]. In order of 
clinical frequency, PRES etiologies include HTN (61%), cytotoxic medications 
(19%), preeclampsia or eclampsia (6%), and autoimmune and systemic conditions, 
including sepsis [22]. MRI is diagnostic of this rare syndrome. The mechanism is 
thought to be a neurotoxic state that occurs secondary to the inability of the poste-
rior circulation to autoregulate in response to acute changes in blood pressure. The 
resultant hyperperfusion disrupts the blood-brain barrier causing vasogenic edema, 
but not infarction initially, most commonly in the parieto-occipital regions (which is 
why vision is often affected). The treatment of the underlying cause is typically suf-
ficient to reverse this condition; however, delay to treatment can lead to irreversible 
brain infarction [22].

Cerebral blindness is described as a complete loss of all vision. This is char-
acterized by loss of perception to light and dark and loss of reflexive lid close in 
response to bright light or threats to the eye. Patients will still exhibit normal 
pupillary response and normal extraocular movements, with a normal ocular 
exam. Cerebral blindness is commonly caused by a cerebrovascular accident 
involving the posterior cerebral arteries leading to ischemia to the occipital lobes. 
Other possible causes include cerebral masses, persistent hypotension, and 
 infection (Table 7.1).
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Table 7.1 Vision loss summary

Type of 
vision 
impairment Diagnosis Key characteristics Exam findings

Diagnostic 
studies

Transient 
monocular 
vision loss

Amaurosis 
fugax

Painless, associated 
with vascular disease

Nonspecific 
funduscopic exam

CVA evaluation
CT/CTA and/or 
MRI/MRA 
brain/neck
+/− Bilateral 
carotid Doppler, 
echocardiogram

Increased ICP Vision loss can be 
exacerbated by change 
in posture
Differential: 
idiopathic intracranial 
hypertension, 
hydrocephalus, cranial 
masses, or venous 
sinus thrombosis

Papilledema CT/MRI brain
+/− LP

Persistent 
monocular 
vision loss

Central retinal 
artery 
occlusion 
(CRAO)

Sudden, painless, 
associated with 
vascular disease

+/− Afferent 
pupillary defect
Funduscopic exam: 
cherry-red spot at 
the macula
+/− Boxcarring

Painless
Associated with 
vascular disease

Funduscopic exam: 
retinal 
hemorrhages— 
“blood and thunder” 
appearance

CVA evaluation
CT/CTA and/or 
MRI/MRA 
brain/neck
+/− Bilateral 
carotid Doppler, 
echocardiogram

Retinal 
detachment

Painless, flashes of 
lights/floaters, dark 
curtain over visual 
field

+/− Afferent 
pupillary defect
Funduscopic exam: 
detached pale/
wrinkled retina

+/− Bedside 
orbital US

Acute 
angle- closure 
glaucoma

Painful, blurry vision 
described as halos and 
rainbows around light, 
nausea/vomiting, 
headache

+/− Fixed 
mid-dilated pupil, 
conjunctival 
injection, hazy or 
steamy cornea

Intraocular 
pressure

Persistent 
monocular 
or 
binocular 
vision loss

Optic neuritis Painful, pain with 
EOM, associated with 
MS

+/− Papilledema 
(most are normal)

MRI brain with 
gadolinium

Ischemic optic 
neuropathy

Painless, diminished 
color vision 
Associated with giant 
cell arteritis

Afferent pupillary 
defect, visual field 
deficits 
Funduscopic exam: 
papilledema

+/− MRI brain 
with 
gadolinium
+/− ESR, CRP
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 Diplopia

 Case Presentation

A 60-year-old female with history of diabetes mellitus presents to the emergency 
department with new onset double vision that started 2  h prior to arrival. She 
describes her vision as seeing two of the same images side by side. She denies any 
systemic symptoms such as fever, headache, numbness, and weakness.

 Approach to Diplopia

Diplopia is described as double vision and is due to the perception of two images of 
a single object [23]. A chief complaint of diplopia can be complicated and daunting. 

Table 7.1 (continued)

Type of 
vision 
impairment Diagnosis Key characteristics Exam findings

Diagnostic 
studies

Binocular 
vision loss

Optic chiasm 
involvement

Most common cause 
is a pituitary adenoma
Consider pituitary 
apoplexy in patients 
with headache, facial 
pain and facial 
numbness

Bitemporal 
hemianopia

CT/MRI brain
+/− CTA/MRA 
brain

Migraines Transient, associated 
with headache

Scotomas
Complete 
homonymous 
hemianopia

Retrochiasmal 
vision loss

Associated with CVA Homonymous 
hemianopia

CVA evaluation
CT/CTA and/or 
MRI/MRA 
brain/neck
+/− Bilateral 
carotid Doppler, 
echocardiogram

Posterior 
reversible 
encephalopathy 
syndrome 
(PRES)

Associated with 
headache, altered 
mental status, 
seizures, and 
hypertension

+/− Complete 
vision loss

MRI brain

Cerebral 
blindness

Complete vision 
loss
Loss of light/dark 
perception

CVA evaluation
CT/CTA and/or 
MRI/MRA 
brain/neck
+/− Bilateral 
carotid Doppler, 
echocardiogram
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Therefore, it’s important to develop a standardized approach to help recognize the 
etiology. The first question that one should ascertain is if the diplopia resolves when 
the affected eye is covered, as this indicates a binocular diplopia. Monocular diplo-
pia is suggested if the diplopia still exists with closure of either eye [24]. Monocular 
diplopia is ocular in origin. The most common cause of this is from dry eyes; how-
ever, it can also be caused by abnormalities of the cornea, lens, and retina [25]. If it 
is determined that the patient’s diplopia is monocular in origin, then your workup 
other than a thorough ophthalmological exam mainly consists of consulting 
ophthalmology.

Binocular diplopia is the most common type of diplopia and is due to ocular 
misalignment. This can be further divided into horizontal, vertical, and oblique dip-
lopia [23]. Horizontal diplopia is when the images are side by side, and vertical 
diplopia is when the images are diagonal to each other [25]. Horizontal diplopia is 
secondary to medial and/or lateral rectus muscle pathology with diminished abduc-
tion or adduction [25, 26]. Vertical diplopia is secondary to inferior rectus, superior 
rectus, inferior oblique, and/or superior oblique muscle pathology with diminished 
elevation or depression [25, 26]. If the diplopia worsens in a certain direction of 
gaze, then the extraocular muscle that functions in that direction is likely involved. 
For instance, if a vertical diplopia worsens with downgaze, this indicates inferior 
rectus weakening or a trochlear nerve palsy. If there is worsening of diplopia with 
upgaze, then this can suggest weakness of the superior rectus and inferior oblique 
or an oculomotor nerve palsy [24]. If the diplopia worsens with distance, then that 
suggests a problem with ocular abduction, which would indicate abducens nerve 
involvement. If the diplopia worsens when near, this implies a problem with ocular 
adduction, which indicates oculomotor nerve involvement [24, 26].

A thorough history and review of symptoms is very important and can point to a 
specific diagnosis. If the patient experiences a headache with the diplopia, then this 
can indicate an intracranial aneurysm or a microvascular ischemia causing a cranial 
nerve palsy. If the patient has pain with extraocular movement, this can be due to 
orbital disease, like idiopathic orbital inflammation. In addition, temporal arteritis 
can be associated with diplopia, which would be suggested if the patient has jaw 
claudication, scalp tenderness, or signs of polymyalgia rheumatica [24]. Myasthenia 
gravis, Wernicke’s encephalopathy, Guillain-Barre and Miller Fisher syndrome, and 
trauma could cause both a horizontal and vertical diplopia [25]. Therefore, history 
taking is of importance and can influence the presume diagnosis.

Physical exam is paramount and should be done carefully to help locate impair-
ment of ocular motility. Each eye should be examined initially independently to 
help locate any restriction of extraocular movement. They can then be examined 
together for comparison [24].

 Cranial Nerve Palsies

Cranial nerve palsies causing a diplopia involve cranial nerves three, four, and six. 
When approaching a patient with a presumed cranial nerve palsy, it is important to 
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have a systematic approach to help uncover the etiology and to aid you in perform-
ing a proper diagnostic workup. Asking about neurologic signs and symptoms and 
history of trauma can help hint at the diagnosis. The age of patient is pertinent, as 
microvascular ischemia to the cranial nerve is a very common cause of cranial nerve 
palsy, in patients older than 50 or younger patients with diabetes and hypertension 
[26, 28].

An oculomotor nerve palsy (cranial nerve three palsy) on exam appears as the 
classic “down and out” orientation and may demonstrate mydriasis and ptosis. 
Upward, downward, and medial gaze is inhibited [26]. If the pupil is dilated, then 
this indicates a compressive oculomotor nerve palsy, which can be caused by an 
intracranial aneurysm. It’s important to meticulously examine the patient to deter-
mine the degree of involvement. If the extraocular muscles are only partially 
affected, then a compressive/aneurysmal oculomotor nerve palsy can still be the 
etiology, even with a normal pupil size [28]. Other causes of an oculomotor nerve 
palsy include microvascular ischemia, trauma, and multiple sclerosis [28]. If a 
patient presents with diplopia and the exam demonstrates oculomotor nerve palsy 
with pupil involvement or a partial oculomotor nerve palsy, an MRI and MRA of the 
brain should be performed to rule out an intracranial aneurysm. A CTA of the brain 
can also be performed, especially in the setting of the emergency department. Even 
if the CTA or MRA is negative, if the pupil is involved, the patient should be further 
worked up, and a formal angiogram can be considered. If the angiogram is negative, 
MRI with gadolinium should be done through the brainstem to rule out small neo-
plasms or inflammatory lesions that can affect the oculomotor nerve [27].

Trochlear nerve palsy (cranial nerve four palsy) affects the superior oblique mus-
cle, the action of which is to depress and abduct the eye. Trochlear nerve palsy leads 
to inability of intorsion and depression leading to hypertropia where the eye devi-
ates upward on the ipsilateral side. Patients may tilt their head toward the opposite 
side of lesion with chin down to bring both eyes into alignment [27]. A trochlear 
nerve palsy can lead to a vertical diplopia that is exacerbated by downgaze [26]. 
Trochlear nerve palsies can be congenital but unnoticed until there is a decompensa-
tion which occur at any age after trauma or medical illness. Patient may recall previ-
ous intermittent transient episodes of vertical diplopia brought about by alcohol or 
fatigue. Other causes of a trochlear nerve palsy include microvascular ischemia, 
trauma, and tumors [28]. A trochlear nerve palsy is rarely caused by microvascular 
ischemia, so an MRI of the brain and brainstem with gadolinium should be per-
formed [26].

Abducens nerve palsy (cranial nerve six palsy) affects the lateral rectus muscles 
resulting in an inability of abduction of the ipsilateral eye. This can lead to a hori-
zontal diplopia [26]. The abducens nerve is known to be sensitive to high intracra-
nial pressure. Causes include microvascular ischemia, trauma, tumors, and multiple 
sclerosis [28]. A new onset painful abducens nerve palsy in a patient with hyperten-
sion and diabetes is usually due to microvascular ischemia; however, if this is per-
sistent for 8–12 weeks or if there are any other symptoms or red flags, then imaging 
such as an MRI should be performed to rule out neoplasm, demyelination, and 
inflammatory causes [25].
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When multiple cranial nerves are involved, the cavernous sinus may be involved. 
The cavernous sinus can be affected by meningiomas, carotid artery aneurysms, 
thrombosis, and inflammation. Dedicated cavernous sinus imaging should be per-
formed [27].

 Orbital Disease

Orbital disease can be vast and can be due to trauma, infection, neoplasm, inflam-
mation, congenital myopathies, and from thyroid eye disease. Emergent signs of 
orbital disease in general include proptosis, lid retraction, and periorbital edema 
[24]. Idiopathic orbital inflammation can lead to diplopia. Other signs and symp-
toms include pain with extraocular movement, proptosis, and decreased vision. The 
inflammation can occur throughout the extraocular muscles, soft tissues, and optic 
nerve. Idiopathic orbital inflammation can be due to a variety of illnesses and auto-
immune diseases, such as giant cell arteritis. Treatment includes corticosteroids and 
nonsteroidal anti-inflammation drugs [24]. Thyroid eye disease occurs in about 50% 
of patients with Graves’ disease and is due to inflammation and infiltration of the 
tissues around the orbit. They can present with a complaint of diplopia, but they can 
also exhibit proptosis, conjunctival erythema, chemosis, and eyelid swelling and 
redness [24]. Patient with thyroid eye disease will often exhibit diplopia that is 
worse upon awakening and improves progressively throughout the day [28]. An 
orbital neoplasm can lead to diplopia due to involvement of the extraocular mus-
cles. Patients with an orbital neoplasm may also display proptosis on exam. In gen-
eral, MRI of the brain can miss pathology that causes orbital disease, so one should 
consider ordering an MRI and/or CT of the orbit to rule out orbital disease [24].

Myasthenia gravis can also cause diplopia and can present similarly to a cranial 
nerve palsy, as there can be weakness of the extraocular muscles. It’s important to 
do a thorough history and physical to distinguish between the two. With myasthenia 
gravis, the pupil is not affected and there will usually be other symptoms such as 
weakness of the proximal muscles especially after exertion and ptosis [25]. Patients 
will typically exhibit no diplopia upon awakening or at rest [27]. On exam, the 
patient can be asked to sustain upgaze for 2 min, and if the patient is unable to do 
this and/or there is ptosis, then this suggests a diagnosis of myasthenia gravis [25].

 Pearls and Pitfalls

 Acute Vision Loss

• Perform extensive history taking asking about the patient’s true visual percep-
tion, blurry or cloud vision, difficulty with far/near vision, loss of certain regions 
of vision, and monocular vs. binocular deficits.

• Thorough physical exam including visual acuity, pupillary size/response, and 
funduscopic exam should be performed.
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• Amaurosis fugax is a cause of transient monocular vision, and CRAO and CRVO 
are both causes of persistent monocular vision loss that requires a stroke workup.

• Retinal detachment is associated with painless floaters and flashes of light. 
Bedside ultrasound can be diagnostic.

• Migraines or gastroenteritis can be mimics for acute angle-closure glaucoma. 
Diagnose by tonometry and treat promptly with ophthalmology consultation.

• Bitemporal hemianopia are caused by lesions to the optic chiasm. CT/MRI is 
required for diagnosis. Consider pituitary apoplexy in patients with headache, 
altered mental status, and facial pain/numbness.

• TIA can cause transient binocular vision changes.
• CVA can cause binocular visual deficits or complete blindness depending on 

lesion location.
• PRES can cause binocular or complete visual loss. Consider in patients with 

hypertension, headache, seizures, and decreased responsiveness.

 Diplopia

• First approach to diplopia is to determine monocular vs. binocular.
• Microvascular ischemia is the most common cause of cranial nerve palsies.
• Oculomotor nerve palsy with pupillary involvement or partial palsy should be 

worked for compressive/aneurysmal etiologies.
• Trochlear nerve palsies should be worked up with an MRI of the brain and brain-

stem, as ischemic causes are rare in this type of palsy.
• Abducens nerve palsy is commonly caused by microvascular ischemia; MRI 

should be performed if symptoms are persistent for several weeks.
• More than one cranial nerve involvement can indicate cavernous sinus disease. 

Dedicate cavernous sinus images should be obtained.
• Patients with diplopia and proptosis should be worked up for orbital neoplasms 

with dedicated images of the orbit.
• Thyroid eye disease is often characterized by diplopia that worsens upon awak-

ening and improves gradually throughout the day.
• Myasthenia gravis is characterized by no symptoms of diplopia upon awakening 

or at rest. Diplopia worsens with fatigue and later in the day.
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8Headache: When to Image, When to Tap

Perrin T. Considine, Levi Filler, and Murtaza Akhter

 Case Presentation

A 47-year-old female presents to your emergency department at 6 pm on a Sunday 
evening complaining of severe headache. She stated she felt fine when she woke up 
(at 7 am), and the headache started at 9 am while she was getting ready for church. 
It was severe on onset and was minimally helped with acetaminophen and ibupro-
fen. She has vomited four times since, and light and loud sounds make it feel worse.

On exam, she has her eyes closed while talking to you and keeps her head still 
while answering questions. Her vital signs are within normal limits. She has no 
aphasia or dysarthria. Her pupils are round and reactive equally. She has no finger-
to-nose dysmetria, heel-shin ataxia, or dysdiadochokinesia. Strength is 5/5  in all 
extremities. She states mild pain when you flex her neck but has no Kernig’s or 
Brudzinski’s signs. She walks for you but hesitantly because of pain; however, she 
has no obvious ataxia or imbalance.

 Introduction

Two percent of ED patients present with a chief complaint of atraumatic headache 
[1]. The majority of these patients will have benign conditions underlying their 
pain, but 2–4% of these patients, or approximately 1 in 25, will have a high-risk 
etiology to their headache (see Tables 8.1 and 8.2, Emergent causes of secondary 
headache) [2]. Identifying patients with headaches that may deteriorate quickly and 
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threaten life, limb, or neurologic disability is the primary goal in the ED and is per-
formed alongside analgesic treatment.

The patient with obvious neurologic deficits or toxic appearance has a rela-
tively clear-cut workup in front of them. Unfortunately, the most nefarious disease 
entities in headache may also present subtly, particularly early in their courses. 
These cases manifest few, if any, red flags on their first ED visit, and it is these 
subtle presentations whose outcomes are determined by the finesse of the emer-
gency physician [3].

In the case of insidious pathology that may threaten life, limb, or neurologic 
capability, a goal-oriented approach allows the practitioner to detect what is 

Table 8.1 Emergent secondary causes of acute headache

-

Cause of secondary headache Risks of missing
Vascular Subarachnoid hemorrhage/pituitary 

apoplexy
Death, neurologic disability

Subdural hematoma Death, neurologic disability
Idiopathic intracranial hypertension Neurologic disability (blindness)
Intracerebral tumor with increased 
ICP

Death, neurologic disability

Pituitary apoplexy Death, neurologic disability
Infectious Venous sinus thrombosis Death, neurologic disability

Cervical artery dissection Death, neurologic disability
Cerebellar infarction Death, neurologic disability
Hypertensive encephalopathy Death, neurologic disability, other 

hypertensive sequelae
Preeclampsia Death, neurologic disability, 

seizures
Temporal arteritis Neurologic disability (blindness)

Environmental Meningitis Death, neurologic disability
Encephalitis Death, neurologic disability

Other Carbon monoxide poisoning Death (upon return to 
environment)

Structural Glaucoma Neurologic disability (blindness)

Table 8.2 Emergent causes 
of secondary headache by 
prevalence

Diagnosis
Proportion of headache 
patients (%)

Benign diagnosis 98
Any pathologic diagnosis 2.00
CVA (stroke, TIA) 0.80
Bleeds (ICH, SAH, 
aneurysm)

0.60

CNS infection (meningitis, 
encephalitis)

0.50

Other pathological diagnoses 0.20

n = 5198, adapted from Goldstein et al. [4]
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reasonably possible or, in the absence of abnormalities, accurately document a fair 
workup.

 Concurrent Analgesia

Generally speaking, oral non-steroidal anti inflammatory drugs (NSAIDs) are 
appropriate starting therapy for nonspecific headache of mild to moderate intensity 
when an intracranial bleed is not in the differential diagnosis. For a patient with 
suspected migraine, one of any of an institution’s standard parenteral migraine 
cocktails is appropriate first-line therapy. Opiates are generally avoided [5, 6] unless 
subarachnoid hemorrhage (SAH) is suspected, in which case it is thought that effec-
tively treating a patient’s pain will reduce associated intracranial pressure [7]. See 
also Table 8.11 for acute treatment for primary headache disorders.

 History and Physical Examination

While a comprehensive history and physical is the paragon of virtue, the impetus in 
the emergency department is to utilize the history and physical to evaluate which, if 
any, diagnostic evaluations are merited. While appropriate tests are ordered or 
deferred, distinguishing primary or easily reversible headaches can be performed in 
parallel [5].

A convincing history and physical examination may be used to justify not per-
forming certain studies, but only if all adequate data is obtained. This can be per-
formed in a systematic fashion that starts before setting eyes on a patient.

 History

Table 8.3 lists the classic red flags that must be assayed for in acute headache [1, 2]. 
Essentially, these red flags address [1] classic attributes of SAH and meningitis, [2] 
neurologic deficits or signs of neurologic compromise, [3] symptoms of or risk fac-
tors for increased intracranial pressure, or [4] other. “Have you recently been preg-
nant?” can be informative, given that both postpartum eclampsia and postpartum 
venous thrombosis may occur even 4–6  weeks postpartum, respectively [8, 9]. 
Specific elements to be elicited from the History of Present Illness are listed in 
Table 8.4 [1, 5]. Notably, age is a significant risk factor as well (see Table 8.5), with 
increased age correlated with an increased risk for significant pathology [4].

Assaying for these four elements of the history—classic attributes of SAH, neu-
rologic deficits, increased intracranial pressure, and pregnancy status—may be 
approached in any number of ways that are appropriate, provided that they are sys-
tematic and replicable.

For a patient with a history of headaches, assessing for deviation from a patient’s 
normal headache pattern and recent neuroimaging, if applicable, may reduce the 
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Table 8.3 Headache red flags

Category Red flag
Attribute of SAH >50 y/o with new headache

“Thunderclap headache” (maximal intensity within 1 min 
of onseta)
Traumatic/exertional onset
Anticoagulated/antiplatelet therapy

Attribute of meningitis Fever
Signs of neurologic compromise Altered level of consciousness

Altered mental status
Focal neurologic deficits
Blurry vision
Seizure
Syncope

Signs of elevated ICP or focal 
mass effect

History of immunocompromise (HIV, etc.)
History of malignancy
History of neurosurgery or cerebral shunt
Papilledema

Risk for pregnancy-related 
complications

Currently pregnant
Postpartum

Other Systemic lupus erythematosus
Behcet’s disease
Vasculitis
Sarcoidosis
Recent antibiotic use

Adapted from Singh et al. [1] and Tintinalli [2]
aSee SAH section for more on definition of thunderclap

Table 8.4 Concerning historical findings for acute headache

Historical findings Concerning for
Sudden onset SAH
Worse with supine position, cough, or straining Increased ICP
Occipital headache (with double vision, dysarthria, 
dysphagia, or ataxia)

Occipital bleed, tumor, or stroke

Neck pain SAH, meningitis, carotid or vertebral 
artery dissection

Neck stiffness SAH, meningitis
Thunderclap headache (reaches maximum pain 
<1 mina)

SAH, CVT, ICH

Chronic, progressively worsening Intracranial mass
Fever Infection, intracranial hemorrhage
Neurologic deficits ICH, mass, IIH

Adapted from Singh et al. [1]. Abbreviations: ICP intracranial pressure, IIH idiopathic intracranial 
hypertension, ICH intracranial hemorrhage, SAH subarachnoid hemorrhage
aSee SAH section for more on definition of thunderclap
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requirement for new diagnostic studies and neuroimaging if the headache continues 
to follow a stereotypical pattern following an appropriately comprehensive workup. 
Specifically, a patient with history of benign headaches who presents with a stereo-
typical headache without new concerning historical features, neurologic deficits, or 
significant comorbidities is considered low risk and does not typically require neu-
roimaging [10]. A headache that does not fit readily into the patient’s previous pat-
tern of headaches is suspect, and any headache that prompts a patient who would 
not normally come to the ED for evaluation does warrant de novo consideration, 
whether or not this involves invasive or irradiating diagnostics.

Additional questions, such as assaying for polycystic kidney disease, family his-
tory of subarachnoid hemorrhage, or vascular malformations in other parts of the 
body to gauge the risk of intracranial hemorrhage—or prior vasculitis for the risk of 
giant cell arteritis—may be performed as needed to develop the clinician’s gestalt 
when suspicion is high but diagnostic criteria are not easily met. Certain findings 
such as vomiting may occur commonly with benign causes such as migraine, as 
well as increased intracranial or intraocular pressure such as in SAH or glaucoma.

 Physical Examination

The physical examination is organized around similar goals as the history’s but 
performed in the usual head-to-toe manner. Most elements of the exam, including a 
comprehensive emergent neurologic exam, are routine parts of the examination, 
given the potential for yielding subtle clues of neurologic deficit, immunocompro-
mise, or increased intracranial pressure. Elements that may variably be included 
include measuring visual acuity and visual fields in the case of visual complaints 
and intraocular pressure in the case of visual complaints, eye pain, or other elements 
concerning for glaucoma, such as pain severe enough that it may not localize to the 
eye.

A summary of essential physical exam elements for evaluating headache is pre-
sented in Tables 8.6 and 8.7 [1, 2, 5].

The history and physical begin generally with vital signs and general appear-
ance, which should indicate a general degree of illness. Fever without any other 
attributable cause will likely indicate an LP in a headache patient. Blood pressure 
may indicate hypertensive emergency or hypoperfusion [12]. If the patient is acutely 

Table 8.5 Frequency of pathological etiology of headache by age group

Age group
Likelihood of significant pathology underlying 
headache (%)

<25 1
25–49 1
50–74 5
75+ 11
Overall 2
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altered from neurological baseline (i.e., less alert or oriented or not mentating at 
baseline), head imaging in the form of CT or MRI is required unless harmful sec-
ondary headache disorders have otherwise been ruled out [13].

Other actionable exam findings include meningismus, which may indicate irrita-
tion of the meninges by infection, inflammation, or hemorrhage and papilledema, 
which is most reliably assayed by panoptic ophthalmoscopy or bedside ultrasound 
[14]. Papilledema is a delayed indicator of increased intracranial pressure that may 
not be present initially despite intracranial hypertension and may persist after nor-

malization of the pressure, but when it is clearly present, it constitutes an indication 
for CT imaging before LP—the theory being that CT can evaluate for the risk of 

Table 8.6 Standard physical examination elements for emergent evaluation of headache

Organ system
Elements 
evaluated Potential findings Potential clues of…

Vitals Temperature Fever Meningitis, encephalitis, 
worse prognosis in SAH

BP Hypertension SAH, hypertensive 
emergency

Heart rate Bradycardia/tachycardia Cushing reflex 
(bradycardia, 
hypertension, widened 
pulse pressure)

General Level of 
consciousness

Diminished CNS compromise

Mental status Altered CNS compromise
HEENT Temporal 

artery 
tenderness

+ GCA

Fundoscopy Papilledema Increased ICP
Oropharynx Thrush Immunocompromise
Dentition Caries Infection
Nuchal rigidity Meningismus Meningitis, SAH
Jolt 
accentuation

+ Meningitis

Carotid 
tenderness

+ Carotid dissection

Carotid bruits + Carotid dissection, 
atherosclerotic disease

Pulmonary Air movement Abnormal sounds Routine
Cardiovascular Rate, rhythm, 

murmurs
Irregular rhythm, + murmurs Consider emboli 

secondary to atrial 
fibrillation or vegetative 
endocarditis

Abdomen Focal 
tenderness

+ Routine

Extremities Pulse 
symmetry

− Consider aortic/cervical 
dissection
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Table 8.6 (continued)

Organ system
Elements 
evaluated Potential findings Potential clues of…

Neurological Visual fields Reduced Pathology along visual 
axis

Pupillary 
response

Afferent defect, ocular CN 
palsy

Peripheral neuropathy 
(CN III compression by 
PCom aneurysm), optic 
neuropathy, Horner’s 
syndrome, CVA)

Extraocular 
movements

Ocular palsy Brainstem pathology

Facial 
symmetry with 
CN VII

Forehead-sparing CN VII 
palsy

CVA

Extremity 
sensory 
examination

Diminished sensation Cortical lesion

Extremity 
motor 
examination

Diminished strength CNS involvement

Pronator drift + Upper motor neuron 
disorder [11]

Gait Altered Cerebellar lesion
Tandem gait Altered Cerebellar lesion
Finger-to-nose, 
heel-to-shin

Altered Cerebellar lesion

Reflexes (DTR, 
Babinski)

Altered Upper vs. lower motor 
neuron pathology

Adapted from Singh et al. [1], Tintinalli [2]

Table 8.7 Other physical exam elements for emergent evaluation of headache

Organ system
Elements 
evaluated Indications Potential etiologies

Ophthalmologic Intraocular 
pressure

Eye pain Acute angle-closure 
glaucoma

Ophthalmologic Visual acuity Visual complaints Ocular infection, optic 
neuritis, pituitary 
apoplexy, ICH

Ophthalmologic Visual fields Visual complaints Ocular infection, optic 
neuritis, pituitary 
apoplexy, ICH

Dermatologic Rash Petechial/purpural rash Meningitis, vasculitis
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tonsillar herniation that may occur when performing an LP in the presence of 
increased ICP [2]. See further discussion of this in “Clinical Investigations.”

 Differential Diagnosis

 Primary Headache Disorders

• Tension-type headache
• Migraine headache
• Cluster headache
• “Other”

 Secondary Headache Disorders

• Vascular etiology
 – Subarachnoid hemorrhage
 – Subdural hematoma
 – Cerebral venous sinus thrombosis
 – Cervical artery dissection
 – Giant cell arteritis
 – Hypertensive headache/encephalitis
 – Pituitary apoplexy

• Nonvascular/other intracranial etiology
 – Hydrocephalus
 – Space-occupying lesion
 – Pseudotumor cerebri
 – Acute angle-closure glaucoma
 – Dural puncture headache
 – Carbon monoxide poisoning
 – Meningitis

The primary objective for the emergency practitioner is to identify and rapidly 
treat and stabilize any life-threatening cause of headache. The differential diagnosis 
for a patient who presents with a chief complaint of headache is broad, and recog-
nizing important details of the history and physical examination can assist the pro-
vider in narrowing a specific headache etiology. Furthermore, headache can be 
broken down into subcategories in order to assist the physician and guide manage-
ment. Among the various resources available to the emergency physician, the 
International Headache Society has clear guidelines and classifications of various 
headache disorders. The International Classification of Headache Disorders (ICHD) 
divides headaches into primary and secondary disorders [15]. According to the 
ICHD, primary headaches are comprised of tension-type headache, migraine-type 
headache, cluster headache, and “other primary headache” (exercise induced, 

P.T. Considine et al.



151

postcoital, etc.), whereas secondary causes of headache are manifestations of a sep-
arate disease entity. Secondary causes of headache can be broad, but are important 
nonetheless, given that the secondary causes are among the most life-threatening 
and must be ruled out first and foremost.

 Primary Headache Disorders

 Tension-Type Headache

Tension-type headache is classified by the International Headache Society as a pri-
mary headache disorder [15]. It is the most common type of primary headache, with 
an estimated prevalence approaching 40% [16]. Tension-type headaches are defined 
as having two of the following characteristics: bilateral location, non-pulsating 
quality of pain, mild to moderate intensity, and not aggravated by physical activity 
[1]. Tension-type headaches differ from other primary causes of headache mostly 
due to the fact that they are not functionally disabling, and patients are able to con-
tinue with their normal daily activities [17]. Increased pericranial tenderness 
recorded by manual palpation is the most significant abnormal finding in patients 
with tension-type headache [15]. By definition, episodic tension-type headache 
lasts as little as 30 min and as long as 7 days [17].

 Migraine Headache

Migraine headache is the second most common headache disorder, affecting 12% of 
the United States population [1]. Multiple subtypes of migraine headache have been 
described in the literature, resulting in varying degrees of clinical presentations. The 
two major subtypes of migraine headache include migraine with aura and migraine 
without aura [15]. This diagnosis can often be difficult for the emergency physician 
to make and is typically considered in the right historical context only when more 
serious causes of headache have been ruled as less likely. Unlike tension-type head-
ache, a migraine headache can be very disabling. Typical characteristics of the 
headache are unilateral location, pulsating quality, moderate or severe intensity, 
aggravation by routine physical activity, and association with nausea and/or photo-
phobia and phonophobia [15]. Migraine with aura requires one or more fully revers-
ible aura symptoms, including visual, sensory, speech and/or language, motor, 
brainstem, or retinal [15]. Migraine headaches can last from 4–72 h in duration, and 
aura symptoms typically last 10–20 min, although can persist up to an hour [17].

 Cluster Headache

Cluster headache can mimic various severe secondary causes of headache, owing to 
its presentation and severity at onset. Cluster headaches are relatively rare compared 
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to the other primary causes of headache, with a prevalence estimated at 0.1% of the 
population [18]. True to its name, cluster headaches present temporally in clusters, 
meaning that multiple headaches can occur within a 24 h period of time, with peri-
ods of pain-free episodes between events [17]. The presentation of cluster head-
aches can mimic that of other serious headaches, including acute angle-closure 
glaucoma, trigeminal neuralgia, subarachnoid hemorrhage, and dental pain, among 
others. Typically, pain is described as unilateral in location and excruciating in qual-
ity [2]. Cluster headaches can also feature parasympathetic autonomic features 
including injected sclera, lacrimation, rhinorrhea, and facial and eyelid sweating 
[1]. At first glance, these symptoms can be similar to an ipsilateral Horner’s syn-
drome presentation, and one must also think of the more serious carotid artery dis-
section as a secondary cause of this headache in the right clinical context. Typically, 
in contrast to other primary headache disorders (i.e., migraine), one will have trou-
ble resting and can be typically found pacing the floor [15].

 Secondary Headache Disorders

 Vascular Etiology

 Subarachnoid Hemorrhage
Subarachnoid hemorrhage is one of the most common and well-known life- 
threatening causes of headache. SAH is often described as a “thunderclap” head-
ache, owing to its abrupt onset nature and severity, although many other causes of 
headache will present similarly. Even though SAH is well-known and described in 
the literature, only 1% of patients presenting to the ED with a headache have a sub-
arachnoid hemorrhage [4, 19]. A well-obtained history is crucial to the diagnosis of 
SAH. The provider should be cognizant of potential “red flag” signs of the head-
ache, with characteristics of onset and of severity being of utmost importance. Other 
associated symptoms of SAH will include neck pain or stiffness, nausea, vomiting, 
light-headedness, or syncope, as described by the patient.

While there are many features in the history and physical that can increase the 
risk of SAH, virtually none are specific or sensitive enough to rule in or rule out, 
respectively, the disease [3, 20–22]. The exception to this is the sudden onset nature 
of the headache, which is virtually the sine qua non of SAH [20–22]; patients pre-
senting with sudden onset headache, regardless of severity, should be worked up for 
potential SAH [22, 23].

There is some confusion among providers as to what constitutes “sudden onset.” 
The Headache Classification Committee of the International Headache Society 
defines a sudden onset as one that reaches its maximal intensity within 1 min [15]. 
This definition is used in guidelines as well [10, 24]. However, landmark studies 
evaluating the diagnostic accuracy in the workup of SAH use 1 h as the cutoff for a 
headache reaching its maximal intensity [7, 19, 25]. Therefore, we recommend the 
1-h timeframe as used by Perry et al. for considering a headache as sudden onset.

P.T. Considine et al.
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Aside from described symptoms in the ED, one must ask about past medical his-
tory and family history, as this may reveal significant underlying risk factors that 
would predispose the patient to SAH. According to Van Gijn, et al., approximately 
86% of SAH are from ruptured intracranial saccular aneurysms with 11% caused by 
perimesencephalic syndrome and the remainder by AV anomalies and rare causes 
[26]. It has been well described that intracranial aneurysms may follow a familial 
pattern via various genetic mechanisms. According to a study by Schievink et al., 
spanning from 1970 to 1979, that evaluated families of patients with aneurysmal 
SAH, it was found that 15 out of 76 patients (20%) had a first- or second-degree 
relative with aneurysmal SAH [27, 28]. One should have a lower threshold for 
emergent workup once a familial history is obtained and confirmatory for cerebral 
aneurysm, especially in a first-degree relative. Other genetic factors are also known 
to play a role in the development and rupture of SAH and include autosomal domi-
nant polycystic kidney disease, Marfan syndrome, and Ehlers-Danlos syndrome 
type IV, among other postulated inherited genetic defects [28]. Along with associ-
ated symptoms and family history, other factors should be considered when consid-
ering subarachnoid hemorrhage, including sex, hypertension, atherosclerosis, 
diabetes, and vascular anatomic differences. These additional findings are thought 
to be implicated in the pathogenesis of aneurysms [29, 30].

According to the American College of Emergency Physicians (ACEP) clinical 
guidelines, those patients presenting with a new, sudden onset severe headache 
should undergo an emergent head CT [10]. Aside from these recommendations, one 
should consider other possibilities for a new, sudden onset headache as well, and 
family history along with other pertinent risk factors described above should sway 
the physician to ordering emergent neuroimaging, as missing this diagnosis carries 
lethal consequences.

Additional Diagnostic Considerations for Workup of Subarachnoid 
Hemorrhage
The standard approach to working up SAH involves a computed tomography (CT) 
scan of the head followed by lumbar puncture (LP) if the CT is negative for 
SAH. This approach has been validated, with 100% sensitivity, by Perry et al. [19], 
and is the guideline as recommend by the American College of Emergency 
Physicians (ACEP) [10] as well as the American Heart Association (AHA) and 
American Stroke Association (ASA) [31].

Most providers obtain a CT of the head before performing an LP in patients in 
whom they are considering SAH. Some providers obtain an LP before CT. ACEP 
recommends that adult patients with headache and exhibiting signs of increased intra-
cranial pressure (e.g., papilledema, absent venous pulsations on funduscopic exami-
nation, altered mental status, focal neurologic deficits, signs of meningeal irritation) 
should undergo a neuroimaging study before having a lumbar puncture; otherwise, in 
the absence of clinical findings suggestive of increased intracranial pressure, a lumbar 
puncture can be performed without obtaining a neuroimaging study [10].

There is some controversy over what constitutes a “positive” spinal tap as 
opposed to a “traumatic tap.” Some providers obtain cell counts in tubes 1 and 4 
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from an LP, but red blood cell “clearing” is an insensitive test to distinguish between 
a traumatic tap and a true SAH [32, 33]. Furthermore, studies have shown that xan-
thochromia is also an insensitive test for ruling in SAH; this is particularly true 
when assessed for visually, as done in virtually every medical center in the country 
[34–39]. Fortunately, Perry et al. recently found that findings of no xanthochromia 
and red blood cell count <2000 × 106/L (same as <200 red blood cells/mm3) were 
100% sensitive and 91.2% specific for the diagnosis of SAH [25].

In some cases, an LP may not be necessary. Perry at al. have showed that a CT 
performed within 6 h of symptom onset was 100% sensitive and 100% specific for 
diagnosing SAH [7]. This suggests that patients with a negative CT of the head can 
be safely discharged without an LP, assuming they presented within 6 h of symptom 
onset. However, the ACEP still recommends the CT/LP approach [10] regardless of 
time of presentation.

Some studies have looked at the potential of CT angiography (CTA) to supplant 
LP in sudden onset headache patients with a negative CT [40–46]. While CTAs tend 
to be easier to perform for the emergency provider (rather than a time-consuming 
LP) and patients prefer to not be stuck by a needle in their backs, CTAs also induce 
radiation and come with contrast. While some argue that the CT/CTA approach can 
replace the CT/LP pathway [40, 44–46], other groups have performed cost- 
effectiveness analyses (CEAs) that suggest that the CT/LP approach dominates the 
CT/CTA approach [41, 43]. These CEAs, however, omit the potential of CTA to 
catch other serious causes of thunderclap headache beyond aneurysms, including 
cervical arterial dissection, reversible cerebral vasoconstriction syndrome (RCVS), 
and even cerebral venous sinus thrombosis (CVST) [47, 48]. Moreover, these are 
conditions that cannot be diagnosed by LP. These CEAs also do not account for the 
pain associated with a spinal puncture [49]. The ACEP and AHA/ASA guidelines 
still recommend the CT/LP approach as of now [10, 31], but many experts recom-
mend a shared decision-making approach to patients who present with sudden onset 
headache and a negative head CT [49–51].

 Subdural Hematoma
Subdural hematomas can be spontaneous events or occur in the setting of trauma. 
The mechanisms of subdural hematomas are usually secondary to forces that shear 
the bridging dural veins between the dura mater and the subarachnoid mater [52]. 
Classically, subdural hematomas on CT imaging are described as concave and cres-
cent shape in appearance and follow the curvature of the skull, as opposed to the 
biconvex, lens-type appearance of an epidural hematoma [52]. Subdural hematomas 
can be acute, subacute, or chronic and can vary widely in terms of presenting symp-
toms. Subdural hematomas are common in the elderly population; they account for 
46% of TBI cases in elderly patients versus only 28% in younger cohorts [53]. The 
increased prevalence of subdural hematoma in the elderly population is attributed to 
multiple factors, including cortical atrophy, increased fall risk, and likelihood of the 
elderly being on anticoagulation medications—all of which increase bleeding risk 
following even minor trauma [53]. Minor trauma also is thought to contribute to 
chronic subdural hematomas, which have a more insidious presentation and are 
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unlikely to present with symptoms classical for abrupt ICP elevation, including 
headache, visual changes, and vomiting [54, 55]. Overall, the elderly patient who 
presents with headache along with mental status changes that have been progressive 
and insidious in nature or with a history of anticoagulant use should be evaluated for 
subdural hematoma. One should be aware of common mimickers of SDH as well. 
In one systematic review, the most common mimicker was lymphoma (29%), fol-
lowed by metastasis (21%), sarcoma (15%), infectious diseases (8%), and autoim-
mune disorders (8%) [56]. These alternative diagnoses should be considered as well 
when evaluating a patient for subdural hematoma (Fig. 8.1).

a

b

Fig. 8.1 (a) Axial images of a CT without contrast of a 55-year-old male found down and altered, 
see (b) for labeled pathology. (b) Axial images of a CT without contrast obtained for altered mental 
status. (a) Left frontotemporal subdural hemorrhage, (b) left frontal intraparenchymal hemorrhage, 
(c) subarachnoid hemorrhage in right cerebellopontine cistern. Courtesy of Perrin Considine
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 Cerebral Venous Sinus Thrombosis
Cerebral venous sinus thrombosis (CVST) is a well-described but overall lesser 
thought-of entity regarding the spectrum of headache disorders. Important keys to 
diagnosing this headache etiology partly lie with the past medical history. Similar to 
those with a history of deep venous thrombosis (DVT), those who have CVST will 
often have a prior history of hypercoagulable disorders, pregnancy, systemic inflam-
matory disease, connective disorders, or oral contraceptive medications [5, 57]. 
This is part of the reason why a CVST is colloquially called a “DVT of the brain.” 
CVST is much more prevalent in females than in males; in fact, 75% of CVST 
patients are female [58]. Furthermore, it accounts for 50% of strokes during preg-
nancy and the peripartum period [58]. Indeed, it strikes more often at a younger age, 
being most prevalent in the second and third decades of life [59]. Almost 80% of 
cases occur in patients under 50 years of age [60].

CVST presents in two types: those that are related to increased intracranial pres-
sure attributable to impaired venous drainage and those related to focal brain injury 
from venous ischemia/infarction or hemorrhage [59]. Symptoms will be variable 
depending on the location of the thrombosis but have the possibility to include head-
ache, decreased level of consciousness, seizures, focal neurologic deficits, or even 
coma [5, 57]. In particular, headache is present in 90% of patients, symptoms of 
stroke in 50%, and seizures in 40% [57]. Providers should beware that up to 25% of 
patients with CVST present with isolated headache without focal neurological find-
ings or papilledema [61].

The AHA/ASA recommends obtaining a complete blood count, chemistry panel, 
sedimentation rate, and measures of the prothrombin time and activated partial 

a b

Fig. 8.2 Head CT without contrast and MR venography demonstrating cerebral venous thrombo-
sis (arrows). By Hellerhoff—Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/
index.php?curid=8938877
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thromboplastin time in patients with suspected CVST [59]. A D-dimer can be 
invaluable as part of the evaluation, as it can be quite accurate in helping diagnose 
CVST [62, 63]. Imaging studies are needed to confirm (or sometimes exclude) the 
diagnosis [59]. Magnetic resonance venography is the gold standard, although CT 
venography is very sensitive and specific also (Fig. 8.2) [64].

 Cervical Artery Dissection
Among the many vascular causes of headache, arterial dissection remains high on 
the list for emergency practitioners given its associated morbidity and mortality if 
missed. Specifically, headache can be caused by vertebral artery dissections and 
carotid artery dissections. Generally, dissections will present with focal neurologic 
deficits, and the causative vessel will determine the associated symptomatology. 
Often times, there can be delayed neurologic symptoms due to the eventual throm-
bosis of the dissected segment, causing obstruction of flow or embolization of 
thrombus from the dissected segment to the intracranial arteries [52]. Only 1–2% of 
all ischemic strokes are caused by cervical artery dissection, but in younger patients, 
cervical artery dissection accounts for 10–25% of strokes [65]. Unlike in subarach-
noid hemorrhage, family history is not a common risk factor for this process [65]. 
Cervical neck pain is twice as common in patients with vertebral artery dissection 
compared to those with internal carotid dissection [65]. Commonly known symp-
toms of carotid artery dissection include those attributed to a partial Horner’s syn-
drome, namely, miosis and ptosis; however, this only occurs in about 25% of patients 
[2]. In contrast, vertebral artery dissections typically will have vertigo as a present-
ing symptom, along with headache and neck pain, commonly in the setting of 
trauma [2]. Patients typically have headaches, facial pain, or neck pain that are usu-
ally ipsilateral to the dissected vessel and sudden in onset [15, 65]. A clear history 
and thorough neurologic examination can assist when differentiating these causes 
of headache.

 Giant Cell Arteritis
While the majority of headaches from a vascular cause are mostly attributed to a 
bleed or thrombosis of the brain, giant cell arteritis differs in that it is medium- and 
large-sized arteritis with localized lesions to the temporal artery that result in sec-
ondary manifestations of headache [66]. Giant cell arteritis is commonly known to 
be a disease of the elderly population. Primarily, giant cell arteritis affects those 
over 50 years of age, with incident rates peaking around age 80 [67]. Symptoms of 
GCA can include systemic features of fever, anorexia, fatigue, and weight loss with 
ischemic manifestations of localized headache, scalp tenderness, jaw and upper 
limb claudication, and visual disturbance or loss [67]. This presentation differs from 
other vascular causes of headache, as it is not typically described as abrupt onset, 
nor severe in quality, and lacks other focal neurologic manifestations aside from 
potential visual loss. Visual loss may occur in up to 15–30% of cases [67]. 
Furthermore, up to 50% of patients may also present with symptoms of polymyalgia 
rheumatica [67]. This diagnosis may be difficult to diagnose as well given the 
potential for comorbid conditions to cloud the overall presentation.
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 Hypertensive Headache/Encephalitis
During a clinical evaluation of a headache, one may think that elevated blood pres-
sure could be linked to headache; however, there is no clear evidence to suggest a 
link between the two [2]. A study by Gus et al. that monitored ambulatory blood 
pressure and relation to headache found that blood pressure did not differ signifi-
cantly between hypertensive patients with and without headache during 24 h ambu-
latory blood pressure monitoring [68]. Furthermore, they found that blood pressure 
did not vary in the period surrounding episodes of tension or migraine-type head-
ache. This study, however, only evaluated mild blood pressure elevation and could 
not comment on those with severe hypertension [68]. The association between sys-
temic blood pressure elevation and headache remains controversial. According to 
the International Headache Society, chronic arterial hypertension of mild to moder-
ate degree does not cause headache; however, headache caused by rises in intracra-
nial pressures are well described [15]. There is ample evidence to suggest that 
severe elevations or rapid rise in blood pressure can be related to headache, such as 
in pheochromocytoma or posterior reversible encephalopathy [2]. Most headaches 
attributed to severe hypertension have readings in the range of 250/150 mmHg [17].

 Pituitary Apoplexy
Pituitary apoplexy is a rare cause of headache; however, it is a life-threatening 
secondary cause of headache and thus worth mentioning. Pituitary apoplexy can 
manifest as a severe, abrupt onset, “thunderclap”-type headache; in fact, it is 
known as one of the causes of non-aneurysmal subarachnoid hemorrhage [15]. 
Pituitary apoplexy is typically in the setting of a spontaneous hemorrhage or infarc-
tion of a pre- existing pituitary adenoma [2]. Once hemorrhage or ischemia occurs, 
rapid expansion of a pituitary adenoma can cause pituitary apoplexy, occurring in 
about 14–22% of patients [69]. Given involvement of the pituitary gland, hormonal 
effects can occur as well and can occur acutely after the event or can have a delayed 
presentation. Hypopituitarism can occur in 70–80% of patients with pituitary apo-
plexy [69]. Given that the pituitary is involved, headache along with visual symp-
toms are likely. In 43% of cases, involvement of multiple cranial nerves has been 
described [69].

 Nonvascular/Other Intracranial Etiology

 Hydrocephalus
Hydrocephalus is a broad term that suggests an abnormal collection of cerebrospi-
nal fluid around the brain. This term has originations in Greek and Latin, with 
“hydro” meaning water and “cephalus” meaning head. Various types of hydroceph-
alus exist and can be largely classified into acquired and congenital causes. They 
can be further described as obstructive (non-communicating) and nonobstructive 
(communicating) [70]. True to the name, obstructive hydrocephalus is caused by an 
obstruction of flow at various points in the ventricular system. In contrast, commu-
nicating hydrocephalus is secondary to impaired absorption or production of CSF 
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[70]. Normal pressure hydrocephalus is a type of communicating hydrocephalus 
and is a disease process that can be encountered in the emergency department. 
According to the International Headache Society, normal pressure hydrocephalus 
usually does not cause headache; occasionally mild dull headache is reported [15]. 
In 1965, Hakim and Adams first described normal pressure hydrocephalus as a con-
dition characterized by gait disturbance, urinary incontinence, and memory impair-
ment [71]. These symptoms, along with a mild, dull headache, should lead one to 
consider this diagnosis.

 Space-Occupying Lesion
Headaches can occur in the setting of a space-occupying lesion, most commonly in 
setting of a brain tumor. This mass effect is thought to cause headache partly by 
increased intracranial hypertension and cerebrospinal fluid flow obstruction [2]. 
Patients can present with focal neurologic findings as well, and their presentation 
will depend largely on the location and size of the lesion. General signs of brain 
tumor can also include headache worse with Valsalva maneuver, seizures, mental 
status change, recent diagnosis of cancer, or a headache that awakens the patient 
from sleep [2]. This headache is typically a progressive headache versus the abrupt 
onset, severe headache caused by other vascular disorders, and is typically worse in 
the morning or after daytime napping [15]. The classic triad of brain tumor head-
ache—sleep disturbance, severe pain, and nausea and vomiting—is only seen in a 
minority of patients (Fig. 8.3) [17].

 Idiopathic Intracranial Hypertension
Idiopathic intracranial hypertension, also known as pseudotumor cerebri and benign 
intracranial hypertension, is a disease in which there is increased intracranial pressure 
in the absence of other obvious disease processes. The incidence of this etiology is 
approximately 1.2/100,000 individuals per year and is more common in young women 
with higher body weight. It is also associated with contraceptive medications [72]. 

a b c d

Fig. 8.3 (a) CT without contrast, (b) MRI T1 without contrast, (c) MRI T1 with contrast, (d) MRI 
T2 without contrast of a 54-year-old HIV+ male found confused after a syncopal event following 
discharge from jail. Left frontal lobe mass with 4 mm midline shift and vasogenic edema identified 
on noncontrasted head CT (a), concerning for GBM vs. lymphoma vs. metastases. This prompted 
an MRI without contrast (b, d) radiologically concerning for CNS lymphoma, and a contrasted 
MRI (c) ordered the next day after admission and demonstrating ring-enhancing lesions, which can 
also be found with toxoplasmosis (Courtesy of Perrin Considine)
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According to Tintinalli’s textbook, the incidence is 19.3 per 100,000 of obese women 
between the ages of 20–44 years of age [2]. Typical symptoms include headache, 
transient visual obscurations, back pain, pulsatile tinnitus, and visual loss [2]. Once a 
history of headache and visual symptoms are described in the abovementioned demo-
graphic, one should be keen on moving toward funduscopic examination, which will 
likely reveal unilateral or bilateral papilledema. In one study, bilateral papilledema 
was present in 81.96% of patients [73]. Diagnostic criteria exist as well, and one can 
follow the modified Dandy criteria in order to assist with diagnosis. The Dandy crite-
ria arose from Dr. Walter Dandy, an American neurosurgeon, who in the 1930s 
advanced our conceptions of normal and compromised CSF circulation [74]. Original 
criteria have since been modified. Current criteria include signs and symptoms of 
increased intracranial pressure, no other neurologic abnormalities or impaired level of 
consciousness (with the exception of CN VI palsy), elevated intracranial pressure with 
normal CSF composition, computed tomography scan which shows no etiology for 
increased ICP, and no other cause for intracranial hypertension found [75]. Although 
these criteria can serve as an overall guideline to provide assistance when diagnosing 
this condition, ultimately, a more detailed history and thorough funduscopic and neu-
rologic examination will be of the utmost importance along with definitive CSF pres-
sure measurement with a lumbar puncture [76]. The IIHTT criteria suggest a CSF 
pressure of 200 mm H2O as a diagnostic criterion [77]. The Friedman criteria [78] and 
the traditional modified Dandy criteria [79, 80] both suggest a higher threshold: 
250 mm H2O.

 Acute Angle-Closure Glaucoma (See also Chap. 7)
Acute angle-closure glaucoma can present as an abrupt onset headache with associ-
ated intense eye pain and sharp vision loss, sometimes associated with systemic 
symptoms like severe forehead ache above the affected eye and nausea and vomit-
ing [81]. This may at times have similar symptomatology shared by that of sub-
arachnoid hemorrhage, iritis, cluster headache, and migraine. This can be a similar 
presentation to and sometimes mistaken for subarachnoid hemorrhage, iritis, cluster 
headache, and migraine. Subtle clues in the history can help delineate this condition 
from other causes of abrupt onset headache. Acute angle-closure glaucoma can pre-
cipitate after pupillary dilation, with a classically known history of a patient walk-
ing out of a well-lit environment and into a dark room (i.e., movie theater). 
Anatomically, dilation increases contact between the iris and the lens, which overall 
causes the angle between the peripheral iris, trabecular meshwork, and cornea to 
become acutely closed, resulting in a precipitous increase in intraocular pressure 
[2]. Physical examination can reveal a red eye with a fixed and mid-dilated pupil 
with corneal clouding and a shallow anterior chamber [17]. A measurement of intra-
ocular pressure in the range of 60–90 mmHg (10–20 mmHg being normal) is diag-
nostic of this condition and can separate acute angle-closure glaucoma from other 
similar causes of headache [17].
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 Dural Puncture Headache
Headache after undergoing a lumbar puncture is largely thought to be secondary to 
intracranial hypotension. Intracranial pressure is determined by the flow and absorp-
tion of cerebral spinal fluid in the brain, and low levels can be caused by leaks in the 
vertebral column and skull [82]. Headache is the most common complication of 
lumbar puncture, occurring in up to 40% of patients [17]. Factors associated with 
increased risk of dural puncture headache include young age, low body mass index, 
chronic headache or prior dural puncture headache, female gender, large needle 
diameter, and cutting needle design [83]. This diagnosis is relatively straightfor-
ward to make in the setting of recent lumbar puncture, although very rarely can this 
be a spontaneous cause of headache. This headache is characteristically positional 
and increases with upright position and decreases with recumbency [17]. Symptoms 
will typically be relieved within 30  min of lying down [82]. According to the 
International Headache Society, headache occurring within 5 days of lumbar punc-
ture is usually accompanied by neck stiffness and/or subjective hearing symptoms 
and remits spontaneously within 2 weeks or after sealing the leak with autologous 
epidural lumbar patch [15]. Other symptoms can include photophobia, interscapular 
pain, tinnitus, hypoacusis, and nausea or vomiting [82].

 Carbon Monoxide Poisoning
Carbon monoxide poisoning can occur via many sources and does not discriminate, 
affecting those of all age groups and demographics. Carbon monoxide exists typi-
cally in the environment as a by-product of combustion and is present in exhaust 
from combustion engines and other motors [2]. Other sources include stoves, heat-
ers, or natural gas-producing mechanisms. The pathophysiology of carbon monox-
ide poisoning involves the binding of carbon monoxide to hemoglobin and the 
resulting deleterious effect on oxygen equilibrium in the body. This diagnosis can 
be difficult to make given the lack of any specific toxidrome for carbon monoxide 
poisoning [2]. Typically, carboxyhemoglobin levels of 10–20% can cause a mild 
headache without gastrointestinal or neurological symptoms; levels of 20–30% 
cause a moderate pulsating headache and irritability; and levels of 30–40% cause a 
severe headache with nausea, vomiting, and blurred vision [15]. Given the nonspe-
cific signs and symptoms related to carbon monoxide poisoning including vomiting, 
ataxia, seizure, syncope, chest pain, and focal neurologic deficits, one must rely on 
other situational history to assist with the diagnosis [2]. At times, family members 
may present with similar symptoms at similar times, and one should be more con-
cerned if symptoms occur in the winter months, owing to a greater use of heaters, 
stoves, and generators.

 Meningitis
Meningitis is a well-known and well-described cause of headache and is likely one 
of the more concerning disorders at the forefront of any emergency physician’s dif-
ferential diagnosis when working up the acute headache presentation. There are two 
distinct causes of meningitis—viral (aseptic) and bacterial—both of which differ in 
morbidity and mortality as well as presentation. Viral meningitis has an overall 
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more indolent presentation compared to acute bacterial meningitis [17]. The sever-
ity of viral meningitis can vary depending on the virus involved. Some cases are 
mild and resolve with no sequelae, while viruses such as the herpes virus can be 
potentially devastating [2]. Acute bacterial meningitis is defined as acute inflamma-
tion of the leptomeninges caused by bacteria and is a major cause of death and dis-
ability [84]. The case fatality rate of acute bacterial meningitis remains around 
10–30%, and an additional 5–40% of cases have only partial recovery with late 
sequelae [84]. Overall, although the cases of bacterial meningitis have declined 
since the development of vaccines, it still remains an issue, especially in developing 
countries. Clinically, the presentation of fever, headache, stiff neck, and altered 
mental status should sway the physician toward this diagnosis; however, absence of 
these symptoms does not exclude meningitis [2]. Headache is seen in more than 
85% of patients, along with fever being the second most common symptom and 
seizures and focal neurologic deficits found in 25–30% of patients [2]. Currently, it 
is near impossible to clinically determine viral versus bacterial etiology without a 
lumbar puncture. However, in one study, confusion or altered level of consciousness 
was more frequent in bacterial meningitis than in viral meningitis (73.7% vs. 24.2%) 
[85]. Physical examination findings include the classically taught meningeal signs: 
Kernig and Brudzinski. In a study by Thomas, et al., these signs, although very well- 
known, do not accurately discriminate between patients with meningitis and those 
without and showed a sensitivity of only 5% for each sign [86]. Nuchal rigidity had 
an overall higher sensitivity of 30% in this study, making it a more reliable physical 
examination component compared to Kernig’s and Brudzinski’s sign [86]. Overall, 
one should continue to have a high suspicion for meningitis in the patient that pres-
ents with headache, neck symptoms, fever, or signs of sepsis, as delaying treatment 
can have devastating effects.

 Clinical Investigations

Table 8.8 lists standard investigations to consider for various potentially emergent 
causes of headache. The emergent evaluation of acute headache is less an elegant 
search for a definitive diagnosis, and more a clinical judgment of how much, if any, 
diagnostic workup is warranted in evaluating for potentially disabling (if not fatal) 
conditions. Standard laboratory and imaging studies are depicted in Table  8.8, 
“Standard Laboratory and Imaging Investigations to Consider in Evaluation of 
Acute Headache.” Justifying the pursuit or deferment of these studies is the focus of 
a thorough, goal-oriented history and physical.

In a study of US Emergency Departments from 1992 to 2001, approximately 1 in 
6 patients with acute headache underwent head CT or MRI. Two percent received 
an LP. From there, 5% of head imaging and 10% of LPs were diagnostic for “can’t- 
miss” pathology (see Table 8.1) [4]. The decision of whether or not to pursue further 
diagnostic studies depends immensely on the history and physical. For example, a 
patient with acute headache and a normal neuro exam has 2.4% chance of anomalies 
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on neuroimaging; this number decreases to 0.4% in patients with features classic for 
migraine [87].

If an LP is to be pursued, there should first be a CT scan performed to assess for 
increased intracranial pressure (ICP) unless there is sufficient clinical information 
suggesting that the patient does not have increased ICP [88]. See Table  8.9 for 
imaging findings that would hazard against performing LP given the concern for 

Table 8.8 Standard laboratory and imaging investigations to consider in evaluation of acute 
headache

Modality Investigation Findings Indications
Imaging Noncontrast CT ICH (SAH, SDH, 

EDH, IPH)
+ Red flags (see Table 8.3)

MRI Posterior fossa 
masses, infarcted 
tissue

Suspicion of posterior fossa 
pathology, evaluate for 
infarcted tissue

MRV Cerebral venous 
thrombosis

Suspicion of 
hypercoagulability, 
increased intracranial 
pressure, physician gestalt

Laboratory 
studies

ESR Temporal arteritis Two or more + criteria for 
GCA or physician gestalt

Carboxyhemoglobin Carbon monoxide 
poisoning

Clinical suspicion

CBC Leukocytosis Concern for high-risk 
headache

BMP Electrolyte 
derangement

Concern for high-risk 
headache

Coagulation panel Coagulopathy Plan for LP
Blood cultures Organism and 

sensitivities
Concern for high-risk 
headache

Procedure Lumbar puncture Meningitis, SAH Concern for infection, 
intracranial bleed, IIH

Adapted from Singh et al. [1], Rosen [5]. Abbreviations: ICP intracranial pressure, IIH idiopathic 
intracranial hypertension, ICH intracranial hemorrhage, SAH subarachnoid hemorrhage

Table 8.9 Indications for head CT before LP

Indications that LP without CT is 
likely safe Indications from CT not to perform LP
Age < 60 Midline shift
Not immunocompromised Obstructive hydrocephalus
No history of CNS disease Compressed basilar cisterns
No seizure <1 week Displacement/compression of 4th ventricle (often 

posterior fossa mass)
No ALOC
Normal neurologic exam

Ninety-seven percent of patients with above criteria had no signs of increased ICP CT (and none of 
the patients experienced herniation). N = 235 adults with suspected meningitis and CT scans [88]
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increased intracranial pressure. For a young patient with a normal neuro exam 
(including normal mental status) and no known intracranial lesions or reasons to 
suspect increased intracranial pressure and risk of tonsillar herniation (such as 
immunocompromise, which can predispose to lesions such as toxoplasmosis or 
CNS lymphoma), an LP is likely to be safe [88]. For all other patients, CT imaging 
is routine to evaluate for signs of potential complications with LP. This is also the 
policy of ACEP, namely, that adult patients with headache and exhibiting signs of 
increased intracranial pressure (e.g., papilledema, absent venous pulsations on fun-
duscopic examination, altered mental status, focal neurologic deficits, signs of 
meningeal irritation) should undergo a neuroimaging study before having a lumbar 
puncture; otherwise, in the absence of clinical findings suggestive of increased 
intracranial pressure, a lumbar puncture can be performed without obtaining a neu-
roimaging study [10].

For further discussion of imaging modalities, see NEUROIMAGING below.
The other main risks of an LP include infection—such that an LP is not per-

formed over an area of cellulitic skin or suspicion for an infection that can be seeded 
into the epidural space—and coagulopathy, such as INR > 1.8 or platelets <50 k in 
the presence of active bleeding at another site [89].

In the realm of emergent acute headache, the LP is primarily a diagnostic proce-
dure but may also be therapeutic in the case of idiopathic intracranial hypertension 
(see section “Differential Diagnosis”) [2]. A goal of 15–20 mL should be obtained 
from a complicated adult patient to avoid need for repeating the procedure to obtain 
an adequate sample [90]. For example, an immunocompromised patient for whom 
tuberculosis is on the differential, 10 cm3 is required for acid fast culture alone [90]. 
Standard studies include glucose, protein, gram stain, cell count and differential, 
and opening pressure—which must be performed while the patient is in the lateral 
decubitus position, as it is inaccurate from the seated position [2]. Repeat LP may 
be indicated at a higher interspace (providing it stays at L3/L4 or lower) if blood is 
present and a traumatic tap is suspected [89].

ESR and carboxyhemoglobin may also be considered for patients with concerns 
for giant cell arteritis (GCA) and carbon monoxide poisoning, respectively. For 
more information, see section “Differential Diagnosis.”

For a generally ill-appearing patient or one who may require hospitalization or sur-
gery, basic labs such as CBC, CMP, and urine pregnancy test may be obtained, which 
may be useful to consultants. INR is indicated prior to LP and for patients who are 
anticoagulated or with suspicion of bleeding. Point-of-care glucose is indicated for the 
patient with neurologic symptoms with acute onset and suspicion for hypoglycemia [2].

 Neuroimaging

Most patients with acute headache who have significant red flags in their H and P 
will undergo neuroimaging. See Table 8.10 [1, 2, 17] for a summary of indications 
and caveats of common imaging modalities in acute headache.
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The most common modality is the noncontrasted head CT, which serves primar-
ily to evaluate for acute intracranial hemorrhage or initial evaluation of acutely 
elevated intracranial pressure [2, 91]. There is some debate as to when a CT is suf-
ficient by itself, or whether a LP is needed as well, to rule out subarachnoid hemor-
rhage (SAH) in acute headache. Head CT is considered adequately sensitive 
(97–100% sensitive) in identifying SAH if it is carried out within 6 h of headache 
onset and is interpreted by a qualified radiologist. See section “Differential 
Diagnosis,” in particular, “Additional Diagnostic Considerations for Workup of 
Subarachnoid Hemorrhage” [7]. Noncontrasted head CT may also demonstrate 
hydrocephalus, effaced gyri, midline shift, or effacement of the basal cisterns, which 
may be causal or secondary to increased ICP [91].

MRI with gadolinium contrast may also be performed in the emergency depart-
ment, commonly in conjunction with a noncontrasted head CT, with superior detec-
tion of nonhemorrhagic intracranial masses than CT alone. Specifically, it should be 

Table 8.10 Indications and caveats in neuroimaging for acute headache

Imaging study Indications Potential findings Caveats
Noncontrast 
head CT

Concern for intracranial 
hemorrhage or elevated 
ICP (trauma, 
thunderclap headache, 
new headache with 
focal neurologic deficit 
or papilledema)

Hydrocephalus, 
intracranial bleeding 
(SAH, SDH, EDH, 
IPH), mass lesion, pale 
infarct

Not ideal for posterior 
fossa pathology, may 
not visualize all 
intracranial masses

Contrasted head 
CT

Intolerance to MRI, 
suspicion of abscess, 
vascular lesion, mass 
lesion, aneurysm

Increased delineation 
of nonhemorrhagic 
soft tissue lesions

Contraindicated in renal 
insufficiency (unless 
anuric) due to risk for 
contrast-induced 
nephropathy from 
iodinated contrast

MRI Need for increased 
detail of soft tissues, 
suspicion of posterior 
fossa pathology, 
intracranial lesions, 
hypertensive 
encephalopathy

Increased delineation 
of nonhemorrhagic 
soft tissue lesions

Some patients may 
require sedation for 
MRI
Availability dependent 
on resources
May be contraindicated 
in some patients with 
metallic hardware or 
foreign bodies

MR 
angiography

Suspicion for arterial 
pathology such as 
stenosis, dissection, 
vasculitis, congenital 
anomalies

Arterial abnormality Contrast contraindicated 
in renal insufficiency to 
risk for nephrogenic 
systemic fibrosis from 
gadolinium

MRV Suspicion for cerebral 
venous thrombosis

Filling defect, positive 
delta sign

Contrast relatively 
contraindicated in 
pregnancy and 
breastfeeding women
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ordered in the suspicion for mass lesion such as intracranial abscess, toxoplasmosis, 
and CNS lymphoma, and it may better delineate lesions in the posterior fossa [2].

CT angiography (CTA) and MR angiography (MRA) may be used to better 
delineate vasculature. Generally speaking, MRA may be used when there is suspi-
cion for arterial pathology such as stenosis, dissection, vascular anomalies such 
aneurysms or arteriovenous malformations, or vasculitis [17].

MR venography can evaluate for cerebral venous thrombosis. Renal insuffi-
ciency may be a relative contraindication to contrast for both CT and MR, depend-
ing on whether the patient is anuric or oliguric, as patients who are producing some 
urine do have residual renal function that they are at risk of losing [2].

When there is confusion as to which study to order due to infrequent usage, 
atypical patient characteristics, or resource limitations, the radiologist is often an 
invaluable resource in advising optimal imaging.

 Treatment/Analgesia

Definitive treatment will, as in all medical cases, depend upon the underlying cause. 
Emergent conditions such as intracranial bleeds will likely be admitted to a neuro-
logical ICU with a neurosurgery consult. Bacterial meningitis is usually admitted to 
the medicine service, with antibiotics. More definitive management strategies for 
various emergent headache conditions are covered in other chapters in this book.

However, all headache patients are, by definition, in pain. When not contraindi-
cated, analgesia should be given. Table 8.11 has some possible treatment options for 
primary headaches (note that, for example, for a secondary headache due to SAH, 
NSAIDS should not be given).

 Disposition

In the presented case, you gave the patient normal saline and IV metoclopramide for 
her headache and a small dose of IV lorazepam for her nausea. You obtained basic 
labs, which were unremarkable. A noncontrast head CT was negative for acute 
pathology. The patient felt slightly improved but still had significant pain. With the 
patient and her sister at the bedside, you performed shared decision-making, and the 
patient opted for an LP. The LP showed 500 RBCs/mm3. You consulted neurosur-
gery, who recommended you keep the patient’s systolic blood pressure below 
140 mm Hg, asked for a CT angiogram, and recommended admission to the neuro-
logical intensive care unit. Being an astute emergency physician, you also gave 
nimodipine to the patient, even though you had heard differing opinions on the 
abilities of calcium channel blockers to prevent vasospasm in SAH. Later that eve-
ning, a medical student stopped by the ED to tell you that the patient’s imaging 
showed a culprit aneurysm and that she was taken to the operating room to have her 
aneurysm coiled. He thanked you for the excellent consult.

P.T. Considine et al.
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 Pearls and Pitfalls

 Primary Headache Disorders

• Evaluate for life-threatening secondary causes of headache before diagnosing a 
benign primary headache disorder.

• Do the following with extreme caution:

Table 8.11 Acute treatment for primary headache disorders

Tension 
headache Cluster headache Migraine headache

NSAIDS Adequate 
treatment 
[92]

Poor evidence 
available

First-line therapy [1]

Dopamine antagonists May be 
useful [92]

May be useful 
[93]

More effective than placebo 
[1]

  – Chlorpromazine Not first line, 
but may be 
useful

Not first line but 
may be useful. 
Poor side effect 
profile

Fallen out of favor as 
first-line agent due to side 
effects (i.e., anticholinergic) 
[1]

  – Metoclopramide Not first line 
but may be 
useful

Not first line but 
may be useful

Similar efficacy to ibuprofen 
and sumatriptan [1]

  – Prochlorperazine Not first line 
but may be 
useful

Not first line but 
may be useful

Some studies suggest to be 
more effective than 
metoclopramide but may 
have more side effects [1]

Triptans Not typically 
used

First-line 
treatment. 
Shown to be 
better than 
placebo [1]

First-line therapy, but with 
relative and absolute 
contraindications [1]

DHE (dihydroergotamine) Not typically 
used

May be used but 
evidence is 
lacking [93].

No significant benefit for 
initial treatment when 
compared to sumatriptan and 
phenothiazine [1]

Opioids Not typically 
used

Poor evidence 
available

Current guidelines 
recommend for only severe, 
refractory headaches [1]

Steroids Not typically 
used

Can be used but 
high-quality 
evidence is 
unavailable [92]

RTCs have shown no benefit 
for acute headache [1], may 
prevent recurrence [2]

Oxygen therapy Not typically 
used

First-line 
treatment [2, 92]

Not effective [94]

Dopamine antagonists, or neuroleptics, can include chlorpromazine, metoclopramide, and 
prochlorperazine
Medication alternatives for tension-type headache can include massage, biofeedback, and medita-
tion [92]
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 – Attribute persistent neurologic findings to migraine headache with aura.
 – Diagnose cluster headache, which is relatively rare, without evaluating for 

acute angle-closure glaucoma, Horner’s syndrome, etc.
• Tension-type headaches, while common, do not commonly present to the emer-

gency department.
• Treating symptoms of headache is no substitute for a thorough history and physi-

cal examination, as analgesia can be achieved in headaches with serious etiology 
as well.

 Secondary Headache Disorders

• While studies suggest that CT head within 6 h of symptom onset has high sensi-
tivity and specificity (100% and 100%, respectively) for acute subarachnoid 
hemorrhage, ACEP continues to recommend CT and LP.

• The elderly population, especially if taking anticoagulants, can have subdural 
hematomas with minimal trauma or even spontaneously.

• Headache and neurologic symptoms in a patient with risk factors for hyperco-
agulable states should prompt consideration of cerebral venous sinus thrombosis 
(CVST).

• Up to 25% of patients with CVST present with isolated headache without focal 
neurological findings or papilledema.

• Cervical artery dissection accounts for 10–25% of strokes in the younger 
population.

• Once suspected, treat patients with suspected temporal arteritis with steroids 
early to preserve potential vision loss—even prior to confirmatory studies.

• Mild to moderate blood pressure elevations are unlikely to cause headache.
• Suspect pituitary apoplexy in patients with abrupt onset headache and pituitary 

symptoms.
• Recognize that normal pressure hydrocephalus (NPH) can present only as a dull 

headache, not necessarily with the classic symptoms of gait disturbance, urinary 
incontinence, and memory impairment being predominant.

• Do not fail to perform a funduscopic examination when NPH is suspected, given 
that a high percentage of these patients will have papilledema.

• Headaches that worsen with Valsalva or waking the patient from sleep strongly sug-
gest intracranial malignancy, especially in a patient with a known history of cancer.

• Perform a prompt tonometry examination in cases of suspected acute angle- 
closure glaucoma, especially when there is a history of abrupt pupillary dilation.

• The size and type of cutting needle affects the incidence of post-dural puncture 
headache.

• Multiple family members presenting with headache, especially in the winter 
months, should raise suspicion for CO poisoning.

P.T. Considine et al.
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9Atraumatic Acute Neck and Back Pain

John W. Martel and J. Brooks Motley

 Acute Back Pain

Case 1: A 39-year-old male with a history of intravenous drug use (IVDU) presents 
to the ED with a complaint of low back pain. On two prior visits, he was thought to 
have an etiology of musculoskeletal pain and was discharged after symptomatic 
treatment. He now complains of numbness in his groin, difficulty urinating, and 
weakness in his legs. He denies fever or trauma. MRI of his lumbar spine shows an 
epidural abscess causing compression of the cauda equina nerve roots. He is taken 
emergently to the OR for decompression.

 Introduction

Back pain is a common reason for seeking medical evaluation in the United States 
and is one of the top five most common emergency department (ED) chief com-
plaints [1, 2]. Approximately 85–90% of patients complaining of back pain ulti-
mately have no clear etiology for their discomfort and experience varying degrees 
of pain relief within 4–6 weeks irrespective of therapy [3–6]. The challenge for the 
emergency physician is to identify the rare patient with a catastrophic etiology of 
back pain from the majority of patients who present with benign causes. 
Approximately 2% of acute back pain complaints are attributed to life and/or 
function- threatening processes [7].
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Neck pain is also a common complaint in US adults but does not occur as 
frequently as lower back pain or present the same degree of disease burden 
with respect to physical disability, decreased productivity/income loss, and 
health-care expenditure [8]. As with back pain, there are high-risk diagnoses to 
consider when distinguishing between who can be safely discharged from the 
ED with conservative treatment and what presentations require further acute 
evaluation.

 Emergent Differential Diagnosis

• Spinal cord or nerve root compression
 – Cauda equina syndrome
 – Disk herniation with neurologic compromise
 – Malignancy

• Vascular catastrophe
 – Aortic dissection
 – Ruptured AAA

• Infection
 – Epidural abscess
 – Vertebral osteomyelitis

• Malignancy
 – Primary spinal neoplasm
 – Metastatic disease

Spinal cord or nerve root compression: Intervertebral disks exhibit varying 
degrees of mechanical degeneration over time, usually starting in the third decade 
of life. Traumatic and age-related tears in the ligamentous annulus fibrosus increase 
the risk of nucleus pulposus herniation from out of the central cavity, thereby plac-
ing local nerve roots or the spinal cord itself at risk for acute compression (see 
Fig. 9.1). Spinal cord compression can also be caused by a wide variety of other 
mechanisms, including epidural abscess, osteomyelitis, primary neoplasm or meta-
static disease, postoperative hematoma, or trauma [9].

The adult spinal cord generally terminates at the level of L1, and distal to this 
point exist the spinal roots known collectively as cauda equina. The primary role of 
this cord region is sensorimotor innervation to multiple structures, including the 
urinary bladder, perineum, and lower extremities. Cauda equina syndrome is an 
acute surgical emergency comprised of several key “red flag” symptoms, including 
urinary retention, fecal and/or urinary overflow incontinence, decreased rectal tone, 
and loss of perineal sensation referred to as “saddle anesthesia.” It has the potential 
to be a permanent function-limiting process that is often attributed to large central 
disk herniations. However, it can also occur with the majority of other pathologies 
previously described [7].
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Vascular catastrophe: Aortic dissection and ruptured abdominal aortic aneurysm 
(rAAA) can both present with acute back pain. Patients experiencing aortic dissec-
tion typically report severe acute back pain, often described as a sudden-onset, rip-
ping/tearing sensation. Although complaint of abdominal pain is more common in 
rAAA, back pain has been reported to occur in nearly 20% of cases [10]. It is also 
important to consider the possibility of endovascular leak as a remote complication 
of prior AAA repair in the context of acute back pain and appropriate past medical 

Fig. 9.1 L4/L5 
paracentral disk herniation 
(arrow), on T2-weighted 
MR image
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history [11]. Mortality in acute aortic dissection increases by as much as 1% per 
hour in the early stages [12]. In untreated patients, mortality approaches 50% in the 
first 48 h and increases to 90% within 3 months [13]. Similarly, rAAA is associated 
with 90% mortality when untreated [14].

Infection: Spinal epidural abscess and vertebral osteomyelitis (see Fig. 9.2) are 
causes of serious infection in some patients complaining of back pain [7]. Spinal epi-
dural abscess is a relatively uncommon but serious infection of the central nervous 
system (CNS) that generally involves three to five contiguous vertebral levels and 
most commonly manifests in the thoracolumbar region. It has been reported that the 
larger epidural spaces and fat-containing tissues in this region contain more extensive 
extradural venous plexus and are subsequently at risk for acute infection per 
hematogenous spread [15, 16]. However, they certainly can occur at any point along 
the spine and may feature noncontiguous lesion distributions as well [15]. In addition, 

Fig. 9.2 Epidural abscess. 
T2-weighted MR image 
depicting an abscess 
(arrow) extending from the 
T12/L1 level to the 
sacrum, with associated 
spinal canal stenosis and 
cauda equina nerve root 
compression
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this process may also arise as a result of local muscle or disk infection or from direct 
inoculation of the spinal canal during invasive procedures. Epidural abscesses are 
associated with a wide array of morbidities, including acute spinal cord compression, 
compromise of local blood supply, thrombophlebitis, and sepsis. Both entities are 
primarily considered to be diseases impacting adult males older than age 50 [17]. The 
steady increase in the incidence reported over the last 30 years has been attributed to 
increased IVDU, increased average patient age, and increased rates of infections asso-
ciated with invasive procedures and indwelling medical devices [18, 19]. These infec-
tious etiologies often initially present without systemic symptoms and are frequently 
diagnosed only after multiple visits to various health- care providers [17].

Malignancy: Metastatic involvement of the bone is commonly seen in a variety 
of neoplastic processes, including primary breast, lung, prostate, kidney, and thy-
roid carcinomas (see Fig. 9.3). An estimated 80% of cancer patients who present 

Fig. 9.3 Spinal neoplasm. 
(arrow) T2-weighted MR 
image of schwannoma that 
fills the spinal canal in a 
patient with classic 
symptoms of cauda equina 
syndrome
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with acute back pain may actually have associated underlying metastatic disease. In 
contrast, primary neoplastic processes of the spine are quite uncommon and com-
prise only 0.7% of total patients presenting with this complaint [7].

 History

A careful, targeted history is vital to estimating a given patient’s pretest probability 
of presenting with an emergent diagnosis. The past medical history may point to a 
particular organ system as the root cause of the complaint, including known previ-
ous AAA, peripheral vascular disease, IVDU, prior/current indwelling vascular 
access, previous back surgery, or malignancy. Any significant trauma associated 
with the onset of pain should prompt consideration of acute fracture.

Surveillance for emergent pathology may be facilitated via screening for so- 
called red flag signs and symptoms that are widely used to help identify potentially 
life-threatening etiologies of acute back pain (see Table 9.1). However, it is impor-
tant to note that screening in this manner is often complicated by a high false- 
positive rate. A recent study showed that only 0.9% of patients presenting with acute 
low back pain ultimately are determined to have an emergent diagnosis, yet 80% of 
the patients reported at least one positive red flag sign or symptom [20]. Therefore, 
it is crucial that clinicians gather key historical information and consider the entire 
clinical picture before moving forward diagnostically.

Table 9.1 Acute back pain red flag signs and symptoms of back pain [6, 65]

History Exam
Age > 50 or <30 years old Neurologic findings (for >4 weeks)
History of cancer Saddle anesthesia
Unexplained weight loss Loss of anal sphincter tone
Immunosuppression Major motor weakness in lower extremities
Prolonged use of steroids Fever
Intravenous drug use Vertebral tenderness
Known aortic aneurysm Limited spinal range of motion
Pain increased or unrelieved by rest
Persistent fevers and/or night sweats
Significant trauma
Bladder or bowel incontinence
Urinary retention
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 Physical Examination

A complete physical examination in the setting of back pain includes evaluation of the 
musculoskeletal, neurologic, and vascular systems, with several maneuvers tailored to 
the specific complaint. Incomplete clinical evaluation may lead to unnecessary pursuit 
of advanced imaging that does not improve patient outcome, places patients at addi-
tional risk, and inappropriately increases health-care expenditures [21–23].

Abnormal vital signs are important to consider. An initial rapid assessment of 
overall clinical status may reveal fever, tachycardia, or hypotension, all of which are 
unexpected in the setting of acute mechanical back pain and are concerning for 
potentially serious underlying pathologies.

The musculoskeletal examination is comprised of systematic palpation of para-
vertebral musculature and midline vertebral evaluation of the entire spine, including 
the sacroiliac joints and hips. These maneuvers may elucidate focal muscle or ver-
tebral tenderness. Midline tenderness is generally more concerning than focal para-
spinal muscle tenderness, though this is not specific to any particular pathology and 
inter-rater reliability is thought to be poor [7, 24].

It is important to perform a thorough neurologic examination; key elements 
include specific evaluation of motor power, sensation, and reflexes (Fig.  9.4, 
Table 9.2). The majority of symptomatic disk herniations occur at the L4, L5, and/or 
S1 levels and often present with predictable patterns of sensorimotor deficit [7, 25]. 
The straight leg raise and slump tests elicit radicular symptoms with varying degrees 
of sensitivity and specificity. The former is performed while the patient is supine by 
elevating the affected lower extremity after extending the knee. A positive test occurs 
when pain radiates distal to the knee in a dermatomal distribution when the leg is at 
an angle less than 90°. In contrast, the slump test is performed in the seated position. 
While both hips and knees flexed to 90°, the patient “slumps” forward while the 
examiner applies pressure over the thoracic spine to flex the patient’s neck. The knee 
and foot of the affected extremity are then extended and dorsiflexed, respectively. In 
this case, a positive test elicits radicular lower extremity symptoms in a dermatomal 
distribution. Sensitivities of these tests are variable. There is a reported sensitivity 
range of 50–80%, with specificities between 80 and 90% [7, 26]. Of note, a positive 
test does not mandate further emergent evaluation if no sensorimotor deficits are 
identified. Instead, such results help narrow the differential for the cause of discom-
fort and may aid in establishing appropriate outpatient follow-up. In addition, gait 
testing provides invaluable information with regard to overall mechanical and neuro-
logic functioning and should be assessed in patients that are able to comply.
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Saddle anesthesia, urinary retention, and fecal or urinary overflow incontinence 
are all part of an alarming suite of symptoms concerning for cauda equina syndrome 
[27, 28]. Urinary retention has a reported sensitivity of 90%, and the absence of a 
significant post-void residual (PVR) has a negative predictive value of 99.9% [24]. 
Although PVR greater than 100 cm3 may be abnormal in the appropriate clinical 
context, PVR greater than 300 cm3 is considered pathologic. Nearly 75% of patients 
with acute spinal cord compression have objective impairment of perineal sensation 

Nerve root L4 L5 S1

Pain

Numbness

Extension of
quadriceps.

Dorsilflexion
of great toe
and foot.

Planter
flexion of
great toe
and foot.

Walking on
toes.

Ankle jerk
diminished.

Heel walking.

None reliable.

Squat & rise.

Knee jerk
diminished.

Motor
waekness

Screening
exam

Reflexes

Fig. 9.4 Dermatomal symptoms associated with L4-S1 nerve root compromise (Adapted from 
Bigos S et al. [6] (public domain))
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(saddle anesthesia) as well as lower extremity sensorimotor deficit. Up to 50% of 
patients present with foot drop and an absent ankle reflex [29]. Diminished rectal 
tone is also very concerning within this clinical context and should be assessed per 
digital rectal exam [30].

In addition to a thorough neurologic examination, evaluation of peripheral pulses 
helps screen for serious vascular pathology such as aortic dissection or rAAA, and 
a thorough abdominal examination may yield pulsatile masses indicative of 
rAAA. A combination of severe pain, palpable abdominal pulsatile mass, and hypo-
tension is seen in approximately 50% of rAAA [10, 31]. When combined with wid-
ened mediastinum (CXR), peripheral pulse deficits and/or hypotension are 
associated with 96% of dissections [32]. Bedside ultrasonography (US) is a vital 
tool to rapidly evaluate for the presence of AAA.

Given the sheer volume of annual ED back pain presentations in the US, it is also 
important to evaluate for potential psychosocial and nonorganic elements. This is 
important for improving the use of clinical resources as well as minimizing the risk 
of adverse effects associated with radiation and contrast exposure. The Waddell 
signs (see Table 9.3) were developed to evaluate nonorganic components of acute 
back pain complaints. The overall test is considered to be positive when a patient 
scores positively in three or more categories. This suggests a potentially nonorganic 
basis of the complaint and is associated with coexisting psychiatric pathology [33]. 
However, malingering and underlying psychosocial etiologies of acute back pain 
remain diagnoses of exclusion.

 Emergency Department Workup

The initial goal in diagnosing back pain in the ED is to rule out life-threatening or 
disabling disease. This can often be accomplished by obtaining a thorough history 
and performing a complete physical examination as described above but in some 
cases requires neuroimaging.

Table 9.2 Neurologic exam findings associated with L1-S1 nerve roots

Nerve 
root Reflex Pain distribution Motor weakness Sensory loss
L1 Cremasteric Inguinal Hip flexion Inguinal
L2 Cremasteric, 

thigh adductor
Inguinal, anterior 
thigh

Hip flexion and 
adduction

Anterior thigh

L3 Patellar Anterior thigh, knee Quadriceps 
adductors

Anterior, medial 
thigh

L4 Patellar Anterior thigh, 
medial leg

Knee extension, 
hip flexion

Anterior leg, first toe, 
medial malleolus

L5 None Posterolateral thigh, 
lateral leg

Great toe 
dorsiflexion

Dorsal foot, middle 
three toes

S1 Achilles Posterior thigh and 
leg, lateral foot

Plantar flexion Lateral foot, heel
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 Neuroimaging

The vast majority of patients presenting to the ED with back pain do not require 
emergent imaging. Routine plain films generally are not indicated given the low 
utility and adverse effect of radiation exposure [6]. If no red flag signs or symptoms 
are present and the pain has been present for less than 4 weeks, no further evaluation 
is often necessary. However, in the setting of concerning historical or physical exam 
elements, imaging may be warranted.

 Spinal Cord Compression
Magnetic resonance imaging (MRI) is the diagnostic imaging test of choice in the 
evaluation of compressive etiologies, including spinal epidural abscess (see 
Fig. 9.2) and disk herniation, as well as in vertebral osteomyelitis and vertebral 
body metastatic lesions [34]. Gadolinium-enhanced MRI is generally used for 
epidural abscess and vertebral osteomyelitis evaluation and is considered highly 
sensitive and specific for both entities [35, 36]. Evaluation of neoplastic spinal 
mass and metastatic disease is usually performed both with and without contrast. 
Contrast is not typically used when specifically evaluating for acute disk 
herniation.

 Vascular Emergencies
Bedside US may aid in rapid diagnosis of AAA as both sensitivity and specificity 
approach 100% for non-ruptured AAA with an aortic diameter greater than 3.0 cm 

Table 9.3 Waddell’s signs suggestive of nonorganic back pain

Category Nonorganic test Nonorganic sign
Tenderness Superficial Widespread tenderness to light pinches over lumbar 

skin
Nonanatomic Deep tenderness over a wide area, not localized to one 

structure; often extends to thoracic spine, sacrum, or 
pelvis

Stimulation Axial loading Low back pain reported even when light pressure is 
given on the patient’s head while standing

Rotation Low back pain reported when the shoulders and pelvis 
are passively rotated in the same plane as the patient 
stands with his feet together

Distraction Distraction Inconsistent limitation of straight leg raising in supine 
and seated position

Regional 
disturbance

Weakness Partial cogwheel giving way in many muscle groups
Sensory Sensory disturbances include diminished sensation to 

light-touch, pinprick, and sometimes other modalities, 
in a “stocking” rather than a dermatomal pattern

Overreaction Overreaction Disproportionate verbalization, facial expression, 
muscle tension and tremor, collapsing, or sweating 
during examination

Adapted from Apeldoorn et al. [33]
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[37, 38]. Computed tomography angiogram (CTA) is considered to be better than 
US for evaluating suprarenal aneurysms, discerning between ruptured and non- 
ruptured aneurysms, and screening for potential endovascular leak [39, 40]. 
Although many centers use IV contrast, it is not required to evaluate for rAAA and 
may be associated with contrast-induced nephropathy in the context of acute vol-
ume depletion and chronic kidney disease [41]. CTA is the study of choice when 
evaluating for aortic dissection.

 Acute Neck Pain

Case 2: An 80-year-old male with a history of hypertension, hyperlipidemia, 
CAD, and diabetes presents to the emergency department complaining of left-
sided neck pain radiating to his left ear. There had been no preceding trauma or 
invasive procedures. His neurologic exam was normal. He was treated for myofas-
cial neck pain and discharged home. Once home he developed abrupt onset of 
vertigo and returned to the ED. A CTA of his head and neck revealed a left verte-
bral artery dissection.

It has been reported that up to 16% of US adults report neck pain annually, with 
one third also reporting concomitant lower back pain [42]. Several risk factors for 
developing neck pain have been reported and include history of previous injury [43], 
workplace-related physical demands, and female gender [43, 44]. Neck pain symp-
toms may arise either from local anatomical structures or be referred. A specific eti-
ology is often not identified, even when radiographic imaging is obtained [45]. 
Symptoms concerning for potentially clinically significant disease include (1) prior 
history of acute or prior localized traumatic injury; (2) evidence of systemic illness, 
the presence of a structural mass/history of neoplasm, immunosuppression, or IVDU; 
(3) the presence of acute neurological deficits; (4) anterior neck pain (generally a 
non-spinal etiology); and (5) acute neck pain associated with headache, vision 
change (e.g., temporal arteritis), or concomitant muscle girdle discomfort (e.g., poly-
myalgia rheumatica).

 Common and Concerning Causes of Neck Pain

• Cervical strain
• Cervical radiculopathy
• Cervical artery dissection
• Meningitis
• Cord compression

Cervical strain: Acute strain of neck musculature is associated with a wide vari-
ety of nontraumatic causes, ranging from sleeping position to posture. There may be 
associated upper back and shoulder tenderness that can persist for up to 6 weeks. It 
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is thought to occur secondary to mild cervical paravertebral musculature injury and 
is typically associated with spasm. However, there are no acute neurological deficits 
associated with this syndrome, and if present, suggest a different and potentially 
more serious etiology.

Cervical radiculopathy: Discomfort associated with cervical disk herniation 
often is attributed to compression of nerve roots, leading to radiating upper extrem-
ity discomfort described as having a similar character to sciatica pain in the lower 
extremity. It has been estimated that up to 22% of patients reporting cervical radicu-
lar discomfort have an associated lateral disk herniation [46].

Cervical artery dissection: Carotid and vertebral artery dissections occur with 
intimal wall disruption that enables creation of a false lumen and accumulation of 
blood leading to formation of an intramural hematoma (see Fig.  9.5). They are 
commonly associated with headache, neck pain, as well as acute neurological defi-
cits in more severe cases. In particular, patients may present with Horner’s syn-
drome, which is comprised of a triad of ptosis, miosis, and anhydrosis. This deficit 
is seen in approximately 25% of cases and has been attributed to distension of 
sympathetic fibers that traverse the external surface of the internal carotid artery 
[47]. In addition, cranial nerve deficits and cervical nerve root impingement may 
also be seen [48]. Spontaneous cervical artery dissections are known to occur in 
association with minor trauma (e.g., sports-related) and connective tissue disease 
(e.g., Marfan syndrome) and are considered to be a leading cause of stroke in 
patients under age 40 [49].

Meningitis: Acute neck pain is commonly reported by patients with inflamma-
tion of the leptomeninges that surround the brain and spinal cord. Bacterial menin-
gitis is considered one of the ten most common infectious causes of death worldwide 
[50]. Likewise, neck pain may be associated with the more common and less deadly 

Fig. 9.5 Vertebral artery 
dissection (arrow). CTA 
image of a left vertebral 
artery dissection with flap 
resulting in acute neck pain 
and vertigo
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viral-associated meningitis that primarily affects children and accounts for nearly 
40,000 hospitalizations annually [51, 52]. Although both entities may present with 
symptoms that include fever, neck stiffness, altered mental status, and photophobia, 
nuchal rigidity may be absent even in the presence of a bacterial process [52]. It has 
been estimated that 44% of nearly 700 cases of community-acquired bacterial men-
ingitis presented with concomitant fever, nuchal rigidity, and altered mental status. 
Alternatively, upward of 95% of patients with an ultimate diagnosis of bacterial 
meningitis reported at least two of the following four symptoms: headache, nuchal 
rigidity, altered mental status, and fever [53]. Patients with meningitis seldom are 
normothermic [54]. Although high fever is most common, hypothermia does also 
occur as well [55]. In contrast to bacterial meningitis, there is no specific treatment 
for the viral-mediated variety.

 History

Similar to the evaluation of atraumatic back pain, obtaining a thorough and targeted 
history is vital to establishing a threshold of concern for serious neck pathology. In 
this case, the past medical history may also point to a certain organ system as the 
root cause of the complaint, such as prior head/neck malignancy or periodontal 
disease in the case of neck masses, stroke risk factors (e.g., cardiovascular disease 
or prior stroke), or focal neurological deficit in the case of cervical arterial dissec-
tion. In addition, a history of prior neck trauma, pain, and/or radicular upper extrem-
ity symptoms should prompt further physical exam evaluation as well as potential 
imaging.

 Physical Exam

A complete neurologic exam is required to thoroughly evaluate any complaint of 
neck pain. Findings, such as Horner’s Sx (ptosis, miosis, anhydrosis), extremity 
sensorimotor deficits, gait disturbance, hyperreflexia, and/or Babinski sign, all con-
tribute important information to narrowing the differential diagnosis. Maneuvers 
specific to individual diagnoses are discussed below.

Cervical radiculopathy: There are several clinical tests utilized to evaluate for 
cervical radiculopathy. The manual distraction test is performed by exerting a man-
ual vertical upward traction under the patient’s mandible and occiput [56]. The test is 
considered positive if their discomfort is decreased with the maneuver, thereby sug-
gesting relief of pressure exerted on nerve roots. The Spurling maneuver is performed 
by turning the patient’s head to the affected side and applying downward pressure at 
the cranial vertex. Reproduction of ipsilateral radicular discomfort is considered to 
be a positive result. In each case, care must be taken to avoid these maneuvers in 
patients with suspected rheumatoid arthritis, metastatic disease, or known cervical 
bony malformations. Finally, Elvey’s upper limb tension test is an upper extremity 
analogue of the so-called straight leg raise used to evaluate lower extremity 
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radiculopathy. It is performed by turning the patient’s head to the contralateral side 
while simultaneously abducting the ipsilateral shoulder and extending the elbow. 
Reproduction of radicular discomfort that radiates down the extremity is considered 
to be positive.

Meningitis: Brudzinski’s and Kernig’s signs are each associated with a specific 
clinical maneuver utilized in the evaluation of nuchal rigidity; positive findings raise 
concern for potential meningitis. A positive Brudzinski’s sign refers to spontaneous 
hip flexion in response to passive neck flexion, whereas a positive Kernig’s sign 
refers to the inability to extend the knee during 90° hip flexion or if lower back pain 
is experienced. Although sensitivity of each test is considered to be low, specificity 
was reported to approach 95% [57].

Cervical cord compression: Shock-like paresthesia occurring with neck flexion 
(Lhermitte’s phenomenon) suggests compression of the cervical cord by a midline 
disk herniation or spondylosis but may also be a sign of intramedullary pathology 
such as a multiple sclerosis plaque. Patients with narrowed spinal canals (e.g., cervi-
cal spondylotic myelopathy) may experience focal symptoms similar to those asso-
ciated with compressive lesions (e.g., tumor, epidural abscess), such as upper 
extremity sensorimotor deficits, as well as bladder incontinence and ataxia.

 Emergency Department Workup

As with acute back pain, most patients with atraumatic neck pain do not require imaging 
in the emergency department. Routine imaging is not indicated for patients who present 
with symptoms consistent with cervical strain and have a normal neurologic exam. 
Specific imaging modalities are discussed below with specific indications for each.

 Neuroimaging

Computed tomography (CT) and magnetic resonance imaging (MRI) are both rou-
tinely used in the evaluation of select neck pain complaints. MRI is specifically 
indicated when there is concern for spinal cord compression, infection (epidural 
abscess), and malignancy [58]. In contrast, CT is preferred when there is suspicion 
for deep space neck infection [59].

 Cervical Strain and Radiculopathy
Advanced imaging is generally not necessary in the ED setting for these etiologies. 
As described above, a combination of history and physical exam usually suffices, as 
the utility of imaging is low.

 Cervical Arterial Dissection
In the patient that presents with severe acute neck pain and/or headache with con-
comitant focal neurological deficits, advanced imaging can help evaluate for arterial 
dissection. Computed tomography angiogram (CTA) of both neck and brain 
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vasculature is an excellent first-line investigative study in the ED due to rapid avail-
ability when compared with MRA and similar sensitivity and specificity [60].

 Meningitis
Although imaging is not necessary in most meningitis evaluations [61], there are 
several specific instances where it should be considered. Per current Infectious 
Disease Society of America (IDSA) guidelines, a noncontrast CT brain study should 
be obtained prior to LP when there is concern for immunocompromised states (e.g., 
HIV infection, current immunosuppressive therapy, and history of solid organ/
hematopoietic stem cell transplant), history of structural CNS disease (e.g., mass 
lesion, stroke), new onset seizure, papilledema, altered mental status, or focal neu-
rological deficit [62]. The priority is to identify patients with a mass lesion or other 
potential cause of increased intracranial pressure.

 Cervical Mass Lesion
If there is specific concern for a neck mass or deep space infection, especially in the 
setting of prior history of neoplasm or periodontal disease, then obtaining a CT neck 
soft tissue study with contrast is indicated [63].

 Disposition

The disposition of this diverse group of patients varies widely from immediate dis-
charge to emergent subspecialist consultation and operative intervention. Patients 
with normal vital signs who do not exhibit evidence of acute systemic infection or 
neurologic/vascular compromise usually can be discharged with close outpatient 
follow-up. Up to 90% of patients who are discharged with a diagnosis of acute back 
pain will have resolution of symptoms within 4–6 weeks [3–6].

Those patients with a life- and/or function-threatening diagnosis generally 
require admission, specialist consultation, and emergent imaging as detailed in pre-
vious sections. Neurosurgical evaluation is necessary for those with acute cord com-
pression stemming from a variety of causes, including disk herniation, adjacent 
hematoma, vertebral osteomyelitis, and epidural abscess. In addition, radiation 
oncology evaluation may also be required where primary neoplasm or metastatic 
lesions are the underlying cause of acute cord compression [6]. For those patients 
with symptomatic disk herniation that does not cause acute cord compression but is 
associated with nerve root impingement, urgent surgery may also be performed in 
select cases (e.g., acute foot drop).

Those patients with emergent vascular pathology such as rAAA or aortic dissec-
tion also require immediate surgical evaluation. Infectious etiologies such as vertebral 
osteomyelitis and epidural abscess require broad-spectrum IV antibiotics in conjunc-
tion with surgical evaluation. One study showed that approximately 40% of patients 
with vertebral osteomyelitis may develop complications requiring surgery [64].

Ultimately, the goal of effective ED evaluation is surveillance for acute life and/
or function-threatening conditions that require immediate treatment, imaging, 
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admission, and/or possibly surgical intervention. Acknowledging vital sign abnor-
malities, eliciting concerning historical elements including key red flag signs and 
symptoms, and performing a complete physical/neurologic examination are all cru-
cial to distinguishing between cases that require immediate intervention from those 
that require little or no evaluation.

 Pearls and Pitfalls

• Eighty-five to ninety percent of patients with back pain have no clear etiology, 
and symptoms resolve in 4–6 weeks.

• ≈2% of back pain complaints can be attributed to a life-threatening or perma-
nently disabling process.

• Disk herniations occur most commonly at the L4, L5, and S1 levels.
• Cauda equina syndrome is an acute surgical emergency composed of several key 

symptoms, including urinary retention, urinary overflow and/or fecal inconti-
nence, decreased rectal tone, and saddle anesthesia.

• Metastatic disease involvement of vertebral bone is most commonly seen in the 
thoracic spine and is associated with primary breast, lung, prostate, kidney, and 
thyroid carcinomas.

• Up to 80% of cancer patients who present with acute back pain may have under-
lying metastatic disease.

• Aortic dissection and rAAA can each present with acute back pain, and both 
have a high mortality when unrecognized and/or when treatment is delayed.

• Abdominal ultrasound is 100% sensitive and 98% specific for AAA.
• Red flag signs and symptoms should be used within the context of the entire 

clinical picture as they have a high false-positive rate when used alone.
• Malingering and underlying psychosocial etiologies of acute back pain are diag-

noses of exclusion (see Table 9.3—Waddell’s score).
• MRI is the diagnostic imaging test of choice in the evaluation of cauda equina 

syndrome as well as primary neoplastic/bony metastatic lesions and vertebral 
osteomyelitis.

• CTA is the diagnostic test of choice in the evaluation of cervical arterial dissec-
tion, rAAA, and aortic dissection.
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10The Nonanatomic Exam: Psychogenic 
Syndromes and Malingering

Michael Hoffmann

 Case Presentation

A 21-year-old college student developed sudden right arm and leg weakness after 
a bout of unusually strenuous coughing while talking to her roommate about her 
recent “breakup” with her boyfriend. They had planned to go out that evening, but 
she changed plans on account of a migraine headache and neck discomfort that 
had developed during the day. Alarmed by her friend’s limp limbs, she called 911, 
and the EMS team arrived promptly, appropriately considered her to have a poten-
tial stroke syndrome, and sped to the nearest comprehensive stroke center. During 
the emergency vehicle transportation, she was able to speak fluently and compre-
hend all questions asked of her by the emergency personnel. They documented 
a blood pressure and pulse within normal range but a slight tachycardia at times 
between 90 and 110 per min, without pyrexia or oxygen desaturation. On arrival 
at the emergency department, she was triaged as a possible stroke patient, and 
emergency CT brain, glucose test, PT, PTT, platelet count, basal metabolic panel, 
and comprehensive metabolic panel were performed all of which were normal. 
She was examined briefly and found to be alert, rational, and fully conversant; 
power grading of the right arm was 1–2/5 and right leg 1–2/5 (flicker of movement 
and not able to overcome gravity) on the MRC scale. Reflexes were symmetrical 
in both arms and legs. She declined to attempt walking. She was considered for 
intravenous tissue plasminogen activator therapy by the emergency physician in 
consultation with the on- call neurologist. In the meantime, the nurse obtained 
additional history from the patient.
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 Breakout Box: Differential Diagnosis

 1. Right hemisphere stroke—embolic (paradoxical)
 2. Right hemisphere stroke—cervicocephalic dissection
 3. Migraine
 4. Cervical myeloradiculopathy
 5. Metabolic—hypoglycemic
 6. Conversion disorder-related weakness

Additional information gleaned from the patient while awaiting the stroke was of 
extensive abusive childhood relationships. She is frequently depressed and suffers 
from anxiety. The breakup with her boyfriend was very “traumatic for her.” With the 
atypical features of the hemiparesis, alertness, absence of aphasia, and Broadbent’s 
type hemiparesis (the arm weaker than the leg) of a typical left middle cerebral 
artery (MCA) stroke syndrome, a diagnosis of conversion disorder was considered 
a more likely entity in the differential diagnosis.

 History Background Information

Any relatively sudden neurological deficit includes stroke in the differential and if 
within 4.5 h of onset requires urgent consideration for intravenous tissue plasmino-
gen activator (TPA) and intra-arterial therapy. There is extreme urgency around such 
presentations, and this limits the time for history and examination.

Clinically it is important to distinguish conversion disorders from the factitious 
illness group comprising of feigning of physical or psychological symptoms with 
intentional production of these. The best known example is the entity referred to 
as Munchausen’s syndrome. Key features include recurrent simulated illness, 
pathological lying, and peregrination (traveling, wandering). A number of other 
associations include borderline/antisocial traits and equanimity for diagnostic 
procedures, treatments, and operations. Many have experience with the medical 
field and have had multiple hospitalizations and surgeries, with the scars as evi-
dence (Tables 10.1 and 10.2).

Conversion disorders frequently include symptoms of motor function, sensory 
function tremor, dystonia, and pseudo-epilepsy mimicking neurological syndromes. 
Contrary to malingering or factitious disorders, conversion symptoms are uninten-
tional and not deliberately produced.

Table 10.1 Commonly used 
terms and synonyms or terms 
that describe very similar 
presentations

Two main groups
A. Conversion disorders
    Functional neurological syndromes (FNS, preferred term)
   Hysteria (Briquet’s disease)
   Somatoform disorders
B. Malingering
   Hypochondriasis
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At this time, the only feature in the history in support of a potential psychogenic 
disorder is the psychological trauma from partner separation (Table 10.3).

 Physical Examination

The focused neurologic exam should evaluate for red flags. In the case above, for 
example, her weakness is atypical with profound weakness of the arm equal to leg 
weakness, aphasia, and relatively intact attention. Although seen with some rare 
strokes (anterior cerebral artery, brainstem stroke), this is very unusual for a typical 

Table 10.2 Principal 
presentations of conversion 
disorder

1. Neurological
   • Paralysis or paresis of a limb or limbs
   • Amnesia
   • Vision impairment such as blindness, diplopia
   • Fainting, seizures
   • Deafness
   • Aphonia
   • Imbalance and gait disorder
   • Body dysmorphic disorder
   • Pseudocyesis
2. Pain
   • Low back pain
   • Joint pain
   • Chronic headaches
3. Cardiovascular
   • Chest pain
   • Palpitations
   • Dyspnea
4. Gastrointestinal
   • Abdominal pain
   • Diarrhea
   • Vomiting
5. Genitourinary tract
   • Dysmenorrhea
   • Metrorrhagia
   • Impotence

Table 10.3 Working definition: the essential features also embodied in more detail in the DSM V 
and ICD 10 classifications include [1, 2]

1. Relatively sudden loss of function of a body part, such as a limb
2.  Psychological factors particularly childhood abuse or other psychosocial stressor feature 

prominently in the history
3.  The individual is seemingly unconcerned and not conscious of intentionally producing the 

deficit, abnormality, or symptom

10 The Nonanatomic Exam: Psychogenic Syndromes and Malingering
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MCA territory stroke syndrome and relatively intact attention. Such a degree of 
weakness typically is associated with aphasia and a degree of inattention and even 
obtundation.

Because of the possibility of conversion disorder, the focused exam will assist 
the history in arriving at a more precise diagnosis. Some physical exam findings that 
can help stratify risk of conversion disorder are below.

 Hoover’s Sign

An important test of motor examination is to perform Hoover’s test (Hoover 1908) 
[3, 4]. This is probably the best known and touted as one of the more reliable signs 
to assess conversion type paresis or plegia.

Agree with three or four figures for these maneuvers.
In brief it involves two steps:

 (a) With a presentation of right leg weakness, the examiner places the right hand 
under the heel of the patient’s foot who is requested to apply downward pres-
sure (hip extension). In organic and functional plegia, no pressure will be per-
ceived by the examiner’s hand.

 (b) With the hand still under the right heel, the patient is requested to raise the left 
leg off the bed (hip flexion) against resistance of the examiner’s other hand. In 
functional weakness, downward pressure will be perceived from the right leg 
due to involuntary hip extension (associated movements).

A possible explanation of the spinal reflex mechanism, first proposed by 
Sherrington and genesis of Hoover’s sign, involves excitatory spinal interneurons 
traversing many levels of the spinal cord that induce an antagonistic contraction in 
the opposite leg. This may be regarded as a protective spinal reflex mechanism that 
allows stabilization of the body and trunk [5].

False-positive Hoover’s signs can occur with cortical neglect, hip pain, and mul-
tiple sclerosis. However, Hoover’s sign does not differentiate conversion disorder 
from feigning, simulated weakness, or malingering [6].

 Hoover’s Signs in the Arms

In the index patient presented above, the equivalent of Hoover’s sign in the arms is 
also applicable. With this test, a complementary opposition of the arms occurs. 
Flexion of the outstretched (good) arm against resistance normally causes an invol-
untary extension of the other “paretic” arm. In addition, with shoulder adduction in 
one arm, the other arm will also adduct in patients with functional paresis of the 
upper limb, which does not happen with organic weakness [7].
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 Sonoo Abductor Sign

Ask the patient to abduct one leg at a time and provide resistance to the movement 
by placing the hands on the outside of the legs. With organic weakness, when the 
weak leg is abducted, the normal leg remains stable. In CD, the normal leg hyper- 
adducts. The abductor sign has an advantage in that it has a good visual assessment 
rather than relying on the subjective appreciation of the examiners in Hoover’s sign. 
This sign has good sensitivity and specificity for CD as the leg contralateral to the 
abducted one shows opposite action in CD versus organic paresis [8].

 Co-contraction Test

In CD weakness, the contraction of antagonist muscles can be felt when testing the ago-
nist muscle. This is easiest when testing biceps contraction, the triceps contracts as well.

With muscle co-contractions, the movement becomes awkward and slowed, 
despite seemingly adequate muscle power. The two opposing muscles may also be 
seen to contract during a movement or sequentially which assists in the diagnosis.

 Sternocleidomastoid Test

The sternocleidomastoid muscles have bilateral innervation. In people with organic 
hemiparesis due to cerebral lesions, for example, there is no sternocleidomastoid 
weakness. This is not the case with CD-related weakness [9].

 Motor Findings and Testing

There are many examples of what has been termed coordinated associated move-
ments that are associated with voluntary action in those with limb weakness. In 
essence there is a spread of activity to contiguous muscle groups which is reflected 
in the adoption of new postures or limb positions. Importantly these do not occur in 
normal people without weakness nor in those with so-called nonorganic paresis or 
conversion disorders. In addition to the mechanism Hoover’s sign, some examples 
include the pronator drift (Barre’s sign), Babinski’s sign, and Wartenberg’s sign, and 
many others have been described [10] (Table 10.4).

 Important Sensory Testing

Clinicians frequently resort to what has been termed “clinical subterfuge” to evalu-
ate for functional sensory loss to verify that sensation loss is nonorganic. None of 
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the maneuvers have been found to be foolproof however with the exception of 
Campbell terms the SHOT syndrome.

SHOT syndrome
No sight in the eye
No hearing in the ear
No olfaction in the nose
No touch sensation on the body
All of which are reported on the same side of the body [10].

 1. Sensory testing may be employed in some gullible patients with the command, 
say “yes” when you feel and “no” if you do not. The patient responds “no” when 
he/she cannot “feel.”

 2. Check sensation when the hands are in confusing or contorted positions with 
fingers intertwined. This causes difficulty in determining which finger 
belongs to which hand and may be useful in distinguishing “functional 
analgesia.”

 3. Midline sensory loss splitting. Functional sensory loss is often presented in 
a hemi-anesthetic distribution, interestingly mostly on the left side. Sensory 
changes are carefully tested by pinprick or other sharp objects (but not too 
sharp objects such as needles) along the midline. In organic sensory loss, 
the impairment does not precisely extend to the midline with sensation usu-
ally beginning several millimeters before the midline is reached. With func-
tional sensory loss, there is often a very abrupt delineation at the midline 
that may also include the genitalia and may also involve the vibration 
modality.

 4. Truncal sensory levels slant downward when tested from back to front in organic 
lesions, whereas a functional level is often depicted as strictly horizontal.

 5. Glove and stocking level distributions can also be informative. If the deficit is 
defective up to the knees, then the level in the upper limbs must be approxi-
mately at the wrist. This conforms to the typical characteristic clinical glove and 
stocking distribution. With functional impairment, the deficit may be distal to the 
wrists and ankles describing a so-called glove-ankle sock distribution [11, 12] 
(Table 10.5).

Table 10.4 A selection of associated movement signs

Wartenberg’s sign—In a weak hand, the flexion of the terminal four fingers against resistance 
induces adduction, opposition, and flexion of the thumb
Sterling’s sign—On the normal arm, adduction of the shoulder against resistance induces 
shoulder adduction on the weak side
Neri’s flexion of the thigh and leg
Neri’s sign is useful for establishing organic weakness. There is a spontaneous flexion at the 
knee of the weak side with passive elevation of the leg
Radialis sign of Strümpell [10]
A sign in assisting the diagnosis of an organic deficit; with palmar or volar flexion of a finger, 
there is an accompanying involuntary dorsiflexion of the affected hand
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 Emergency Department Workup

The focused history and physical exam should guide a workup aimed at excluding 
time-dependent acute organic conditions, as described in other relevant chapters. 
Once an emergent condition is excluded, patients with conversion or malingering 
can generally be safely managed as outpatients.

 Clinical Investigations

Clinical testing may include neuroimaging, lumbar puncture, or video EEG based 
on the presentation.

In covert or complex cerebrovascular syndromes such as hemodynamic TIAs 
and Moyamoya syndrome, the patient may present with recurrent stereotyped tran-
sient ischemic events. These watershed or ischemic events may include so-called 
limb-shaking TIAs that in the context of normal MR imaging may be considered 
“functional.”

 Neuroimaging

Routine neuroimaging is generally normal in patients with conversion disorder. 
However functional neuroimaging, in particular PET brain and functional MR 
imaging, has yielded intriguing insights into a possible neurobiological process in 
many patients with CD (not so in malingering).

The only tool available in deciphering the possible cause is functional neuroim-
aging. Clinical and cognitive neuroscience insights have greatly informed the con-
temporary cognitive neuroscience view of conversion disorders.

Table 10.5 Motor and 
sensory tests in conversion 
disorder

Motor tests
  1. Hoover’s sign
  2. Hoover’s arm sign
  3. Sonoo abductor sign
  4. Co-contraction sign
  5. Sternocleidomastoid sign
Sensory tests
  1.  Reporting sensory testing perception with “yes”  

and “no”
  2.  Sensory testing of fingers with the hands in 

contorted positions
  3. Midline sensory splitting
  4.  Slanting and horizontal truncal sensory levels
  5.  Glove and stocking and glove-ankle sock 

distributions
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 Neuroimaging and Functional Imaging Overview

Overall, abnormalities in neural networks rather than specific areas are being appre-
ciated by functional imaging (f-MRI, PET brain, SPECT brain, resting state net-
works). Increased sensitivity of the amygdala fear responses due to adverse 
experiences may be driving changes in frontal and limbic networks that subse-
quently alter both perception experiences (sensory loss) and planned movements 
(weakness).

One of the first functional imaging studies in conversion disorder was published 
by Marshall et al. in 1997 whereby the investigators noted failure of movement in 
the CD patient was associated with specific right frontal lobe activation that sug-
gested that the inhibitory effect on either motor or sensory actions was dictated to 
by higher tertiary association cortex in the frontal lobes [13]. Aberrant limbic motor 
interactions have been discovered by functional MRI (f-MRI) scanning in patients 
with conversion disorder. These may represent the effect of arousal on motor limb 
function. Those with motor conversion disorder were shown to have greater func-
tional connectivity by f-MRI between the right amygdala and right supplementary 
motor region when tested both to happy and fearful faces, for example. This is 
despite no direct neuroanatomical networks existing, between the amygdala and 
supplementary motor area [14]. The supplementary motor is involved in self- 
initiated movements and actions and the source of the “Bereitschaftspotential” 
(readiness potential). This is an electrophysiological negative potential in the frontal 
lobe that precedes movement by about 1 s [15].

The right temporoparietal junction (TPJ) has also been implicated in CD, with 
hypoactivity of the TPJ in this population. IT is regarded as comparator of predic-
tion of actual events with internal predictions and leads to the perception that a 
conversion reaction is not generated by the person [16]. This may be viewed as a 
kind of mismatch between external and internal processing of events. The parietal 
lobes have also been shown to be abnormally activated in CD. Von Van Beilen et al. 
showed that there was decreased precuneus activity (medial parietal lobe area) 
interpreted to be the result of unintentional influence of stressors of psychological 
origin (Fig.  10.1). There is also increased supramarginal gyrus activity (lateral 

Reduced activity in the prefrontal cortex,
supramarginal gyrus (6) and
precuneus (2) 

The decreased supramarginal gyrus
activity is involved in motor
preparation and control activation
reflects the development of paresis

Decreased prefrontal activity (4) is
thought to reflect the unintentional
nature of conversion paresis that
occurs in combination with the
precuneus.

Fig. 10.1 Abnormal parietal activity in conversion paresis: a neurophysiological study. 2 precunei 
in parietal lobes, 4 frontal poles, 6 supramarginal gyri in the parietal lobe, 16 supplementary motor 
areas and cingulate cortices, 18 superior parietal cortices, and 19 frontal eye fields (Figure with 
permission: Van Beilen M, de Jong BM, Gieteling EW, Renken R, Leenders KL. Abnormal Parietal 
Function in Conversion Paresis. PLOS ONE. 2011;6(10):e25918)
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parietal lobe) where motor preparation activity takes place together with the SMA 
and organization of motor control. These areas are therefore neurobiologically 
related to the conversion paresis [17].

Overall, functional neuroimaging is implicating a network disturbance of the 
brain involving the frontal lobes and amygdala that in turn influences the premotor 
cortex (Fig. 10.2).

For example, passive stimulation in the setting of functional sensory loss and 
also in attempted movement in CD paralysis was associated with right frontal 
activation implying inhibition of sensorimotor action by higher cortical areas. 
Cojan et  al. noted that with functional paralysis there was ventrolateral PFC 
activity, a region with major input from emotional processing areas such as the 
amygdala [18].

In a f-MRI study, the relationship of emotions and symptom production revealed 
abnormal correlations in amygdala activation (expected) and the supplementary 
motor cortical region (not expected) [19]. This study suggested a mechanism for the 
symptom generation due to significant life-triggering episodes potentially triggering 
life events [20].

Amygdala

Medial dorsolateral
Prefrontal cortex

Supplementary
Motor area 

Fig. 10.2 Overview of the hypothetical pathophysiology of conversion disorder from functional 
neuroimaging studies. The three key areas involved are an overactive amygdala that influences the 
supplementary motor areas (motor programming area and preparation for movement). With func-
tional paralysis increased activity of the ventrolateral prefrontal cortex was noted, an area that has 
major input from cortical areas involved in emotional processing. Dorsolateral prefrontal cortex 
(green), amygdala (pink), and supplementary motor area (SMA) (blue)
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The current understanding of motor conversion disorder is therefore regarded as 
associated with an above-normal amygdala activity (due to stress, threats, adverse 
experiences) with a consequent downstream influence affecting the supplementary 
motor area (SMA). The SMA region is the site of motor plans and initiation as well 
as the nonconscious response inhibition. This model is helpful in that it explains 
most of if not all the clinical symptoms, signs, and syndromes clinicians have 
recorded with conversion disorders for the last 200 years [21].

 Disposition

 Discharge Versus Admit, Referrals, and Follow-Up

 1. Admit to the hospital if stroke or other acute process cannot be confidently 
excluded.

 2. Psychiatry referral to evaluate and manage the commonly associated anxiety, 
depression, and abuse history that may or may not be applicable to the patient.

 3. Discussion of probable process with patient. This may entail demonstration of the 
neurological examination and findings of non-congruence with neuroanatomy. 
However there are processes in the brain that do not follow anatomical rules, and 
CD is likely to be one of them. Stressing to the patient that within the limits of our 
investigations, no adverse pathology has been uncovered is often helpful.

 4. The best evidence to date as a randomized controlled trial of a cognitive behav-
ioral therapy comprising of four-session self-help program. This led to an 
improvement in the quality of life health rating scores and symptom alleviation 
in the longer term with a modest overall 13% improvement [22].

 5. Other potential future treatments may include transcranial magnetic stimulation 
for a paretic limb and hypnotherapy [23, 24].

 6. Meditation may offer a significant benefit. Cognitive neuroscience has led the 
way in helping understand the importance not only of severe stressors such as 
post-traumatic stress disorder but also the effect of lesser stressful day-to-day 
situations. Neurobiological insights of stress on the brain support this premise 
[21] (Fig. 10.3).

 Pearls and Pitfalls

The misdiagnosis of hysteria when organic illness is present is relatively high. Many 
previously hysterical diagnoses are today recognized as organic neurological ill-
nesses [24].

It is a relatively common disorder. The overall incidence in varying geographical 
settings is between 4–12/100,000 per year. Estimates of the incidence of CD per-
formed in a controlled study in SE Scotland revealed an annual incidence of 
3.9/100,000 [24, 25].
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About 30% of neurology outpatients had symptoms that were not explained (or 
marginally) by neurological disease [26].

Of these a subsequent estimate of 5.6% were diagnosed with conversion 
disorder [27].

The most disturbing data concerning potential misdiagnosis stems from the psycho-
genic non-epileptic seizure (PNES) literature. A physical brain abnormality in terms of 
MRI brain, EEG, or neuropsychological testing was found in 22.3% of patients with 
only PNES and in 91.9% of patients with both PNES and organic epilepsy [28].

a Prefrontal regulation during alert, non-stress conditions

b Amygdala control during stress conditions

Fig. 10.3 Stress and the 
brain. The prefrontal 
cortex, the most evolved 
brain region, is also the 
most vulnerable to 
everyday stress, toxins, and 
vascular disease. Stress 
incurs deficits in working 
memory, attention, and 
emotional regulation. (a) 
Prefrontal regulation 
during alert, nonstress 
conditions. (b) Amygdala 
control during stress 
conditions (Figure with 
permission: Arnsten 
AFT. Nature Reviews 
Neuroscience 
2009;10:410–422)
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 The Least You Need to Know Points

There are two major presentations of functional neurological symptoms.

 1. Conversion disorder (Briquet’s, hysteria) disease of young women
Psychological trauma
Seemingly unaware

 2. Malingering syndrome of men
Deliberate, insightful
May take the form of Munchausen’s syndrome
May overlap with sociopathy
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11Altered Mental Status in the Emergency 
Department

Austin T. Smith and Jin H. Han

Introduction

Altered mental status is a broad term that encompasses a wide range of illnesses that 
vary in acuity and chronicity. Because the differential diagnosis is broad, we recom-
mend a systems-based approach to uncover the underlying illness causing the altered 
mental status. The initial evaluation should comprise a quick but thorough evaluation 
that rules out immediate life-threatening causes, and rapid treatment if a life-threatening 
cause is identified. After the initial evaluation and stabilization, a more thorough history 
and physical exam should be performed. Because the history provided by an altered 
patient may be inaccurate, obtaining collateral history from a family member, caregiver, 
or friend is crucial. History should focus on the timing of the altered mental status, asso-
ciated symptoms, and a detailed medication and substance abuse history. Because a 
history may not be obtainable, it is imperative that a complete head-to-toe physical exam 
be completed with the patient fully exposed. A broad diagnostic evaluation may be 
required if the diagnosis is unclear. Disposition of patients with altered mental status is 
determined based on the etiology, severity, and reversibility of the underlying process

 Case Presentation

A previously healthy 44-year-old male is brought to the emergency department (ED) 
by his wife with a chief complaint of altered mental status. Five days ago, he developed 
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herpes zoster over his left flank for which he was prescribed valacyclovir. Around that 
time, his wife states he had gradual onset bizarre behavior. She describes initial disori-
entation and grandiose ideas which then progressed to his current state of incoherence. 
Other than recent herpes zoster, he has not had any infectious symptoms.

The patient has no past medical or surgical history and has no allergies to medi-
cations. He does not use any alcohol, tobacco, or illicit drugs.

On physical exam, the patient is in no apparent distress. His neck is supple with-
out any pain or rigidity with flexion/extension. His lungs are clear to auscultation, 
and his heart is at normal rate and regular rhythm without extra heart sounds. His 
abdomen is soft and nontender. He is able to answer yes/no questions appropriately 
and has a nonfocal neurologic exam though he does exhibit flight of ideas.

The patient is protecting his airway and vital signs are within normal limits. His 
finger-stick blood glucose is 104 mg/dL. Given his profound mental status changes, 
a non-contrast head computed tomography (CT) was ordered. Due to his history of 
a herpes zoster infection, he was empirically started on intravenous (IV) acyclovir. 
Empiric antibiotics are withheld given his lack of fevers, neck pain, and otherwise 
reassuring physical exam.

Laboratory evaluation is significant for a serum sodium of 117 ng/dL, and the CT 
(Image 11.1) demonstrates a sellar/suprasellar mass.

A magnetic resonance imaging (MRI) of the brain with and without contrast is 
ordered which shows a sellar/suprasellar mass that reveals a pituitary macroade-
noma. The neurosurgery service is consulted, and he is admitted to the neurologic 
intensive care unit and days later undergoes an endonasal tumor resection.

This case demonstrates several of the challenges involved in a patient presenting 
with altered mental status. Though history is vital, it will likely yield unrelated facts 

Image 11.1 A non-contrast 
CT scan demonstrating a 
sellar/suprasellar mass 
(arrow)
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or “red herrings.” In this case, the history of herpes zoster was concerning for herpes 
encephalitis, though it was unrelated to his presentation. This highlights the impor-
tance of maintaining a broad differential diagnosis and considering several diagno-
ses while obtaining a thorough history. Additionally, the cause of the altered mental 
status must be explored thoroughly. Though the change in mental status in this case 
was due to severe hyponatremia, the cause of that hyponatremia was a pituitary 
macroadenoma causing syndrome of inappropriate antidiuretic hormone (SIADH). 
Several “red flags” exist in this patient. The patient’s young age and lack of medical 
comorbidities should raise the clinician’s concern for a major physiologic insult.

 What Is Altered Mental Status and How Do You Assess It?

Altered mental status (AMS) is a common chief complaint among older emergency 
department (ED) patients, but it can afflict all age groups. Despite its relatively high fre-
quency, “altered mental status” is a vague complaint with several synonyms such as con-
fusion, not acting right, altered behavior, generalized weakness, lethargy, agitation, 
psychosis, disorientation, inappropriate behavior, inattention, and hallucination [1]. 
Consequently, AMS can represent a variety of neurocognitive and psychiatric disorders.

Altered mental status has varying time courses and degrees of severity. Acute 
(hours to days) changes in mental status are likely secondary to delirium, stupor, 
and coma and are usually precipitated by a potentially life-threatening underlying 
medical illness. Acute changes in mental status indicate end-organ dysfunction 
of  the brain and, hence, are typically referred to as “acute brain dysfunction” or 
“acute brain failure.” Chronic or gradual (months to years) changes in mental status 
(e.g., dementia) are less likely to be precipitated by a life-threatening illness [2]. For 
these reasons, acute changes in mental status will be the focus of this review.

Delirium, stupor, and coma represent the broad spectrum of acute brain dysfunc-
tion (Fig. 11.1). Delirium describes an acute disturbance of consciousness that is 
accompanied by an acute loss in consciousness and cognition that is not better 
explained by a preexisting dementia [3]. Stupor describes a state of arousal only 

DeliriumComa Stupor

No response
to voice or
physical

stimulation

No
response to 

voice, but
responds to

physical
stimulation

Responds
to voice,
but does
not make

eye contact

Responds
to voice
but can

only make
eye

contact
for < 10
seconds

Responds
to voice
and can

make eye
contact
for > 10
seconds

Anxious,
but

movements
not

agressive

Frequent,
non-

purposeful
movement

Pulls or
removes
tubes or

catheters,
agressive

Overtly
combative,

violent,
danger to

staff

RASS -5 -4 -3 -2 -1 0 +1 +2 +3 +4

Unarousable: Deep
sedation:

Moderate
Sedation

Light
Sedation

Drowsy: Alert
and
calm

Restless: Agitated: Very
Agitated:

Combative:

Spectrum of Acute Brain Dysfunction

Fig. 11.1 Spectrum of acute brain dysfunction based upon the Richmond Agitation and Sedation 
Scale (RASS) [7, 8]. Courtesy of Vanderbilt University, Nashville, TN. Copyright © 2012. Used 
with permission
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with vigorous and continuous stimulation. A comatose patient is unresponsive to 
any stimuli. Altered mental status is occasionally caused by psychiatric illnesses 
such as depression or schizophrenia. These should be diagnoses of exclusion, espe-
cially in the elderly, where the chief complaint of “altered mental status” is strongly 
indicative of delirium [4]. Acute brain dysfunction (delirium, stupor, and coma) and 
their underlying etiology should be ruled out prior to considering any psychiatric 
diagnoses, especially in patients without a previous history of psychiatric illness.

Acute brain dysfunction is usually assessed for using the Glasgow Coma Scale 
(GCS) or the Alert, Voice, Pain, Unresponsive (AVPU) scale. The GCS assesses the 
patient’s eye opening and verbal and motor responses to stimuli and ranges from 3 
(comatose) to 15 (normal). It can be difficult to use reliably, however, if it not used 
regularly [5]. AVPU stands for alert, responsive to verbal stimuli, responsive to 
painful stimuli, and unresponsive. While it is easy to remember, it lacks granularity 
to detect subtle impairments [6].

Because impaired level of arousal or consciousness (patient’s responsiveness to 
the environment) is typically present in patients with acute brain dysfunction, we 
prefer using a structured arousal scale such as the Richmond Agitation and Sedation 
Scale (RASS) (Fig. 11.1) to characterize acute brain dysfunction. This scale ranges 
from −5 (unresponsive to pain and voice) to +4 (extreme  combativeness) [7, 8].

Table 11.1 Delirium assessments

Delirium scales

Scale Advantage Disadvantage
Sensitivitya 
(%)

Specificitya 
(%)

CAM 
[18]

Validated in ED setting, 
widely used

Takes 5–10 min, heavily 
reliant on subjective 
impression

86 93

bCAM 
[19]

Takes less than 2 min to 
complete. Validated in 
ED setting

Validated in single center 78–84 96–97

CAM- 
ICU [20]

Takes less than 2 min to 
complete. Validated in 
ED setting

Validation results mixed in 
noncritically ill patients

18–76 98–99

3D-CAM 
[21]

Excellent diagnostic 
accuracy

Takes 3 min to complete, 
single-center validation

93 96

4AT [22] Takes less than 2 min to 
complete

Only validated in medical 
inpatients from Italy

90 84

DDT-Pro 
[23]

Validated in 
noncritically ill patients

Only validated on traumatic 
brain injury patients

100 94

SQiD 
[24]

One question test Relies on caregiver, friend, 
or family member. Validated
in oncology patients.

80 71

mRASS 
[25]

Takes only 10 s, 
validated in older ED 
patients

Moderate inter-rater 
reliability, heavily reliant on 
subjective impression

82–84 85–88

Most of these delirium assessments have only been validated in older patients
ED emergency department
aPooled sensitivity and specificity from 12 validation studies
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Delirium is a form of acute brain dysfunction that affects 10% of older ED patients 
[9] and 75% of critically ill patients of all ages [10]. Delirium is associated with 
higher mortality [11], prolonged hospitalizations [12], and accelerated cognitive and 
functional decline [10, 13, 14]. As a result, routine delirium monitoring is advocated 
for older and critically ill patients [15–17]. Several delirium assessments have been 
developed over the past two decades and are summarized in Table 11.1 [18–25]. The 
Confusion Assessment Method [26], the Brief Confusion Assessment Method [19], 
the Confusion Assessment Method for the Intensive Care Unit [20], and the RASS 
[25] are the only delirium assessments validated in older ED patients. Additional 
details of these assessments can be found in www.eddelirium.org. Very few delirium 
assessments have been validated for younger patients, especially in the ED setting.

 Differential Diagnosis

Although a central nervous system etiology such as a cerebrovascular accident 
(CVA) should be strongly considered, AMS is often precipitated by an underlying 
medical illness. Because of how broad the differential is, we suggest a systems-
based approach. When considering the etiologies of AMS (Table 11.2), multiple 
precipitants can often exist concurrently especially in older ED patients [27].

When thinking about what precipitated the AMS, it is important to consider a 
patient’s vulnerability to developing acute brain dysfunction. Examples of 

Table 11.2 Precipitating factors for altered mental status

Precipitating causes for altered mental status

Vital sign abnormalities
• Hypertensive encephalopathy
• Inadequate pain control
• Hypotension (shock)
• Hypo- or hyperthermia
• Hypoxemia
Toxic
• Medications and medication changes
• Recreational drug use or withdrawal
• Neuroleptic malignant syndrome
• Serotonin syndrome
Metabolic: electrolytes, endocrine, hepatic
• Hepatic or renal failure
• Hypo- and hypernatremia
• Hypo- and hypercalcemia
• Hypoglycemia/hyperglycemia
• Thyroid dysfunction
• Hypoxemia
• Hypercarbia
• Dehydration
• Adrenal insufficiency
• Corticoid-producing condition

Neurologic
• Cerebrovascular accident
• Intracerebral hemorrhage
• Subarachnoid hemorrhage
• Subdural/epidural hematoma
• Nonconvulsive status epilepticus
• Brain mass ± edema
• Hydrocephalus
• Locked-in syndrome
• Seizure
•  Posterior reversible encephalopathy 

syndrome
•  Thiamine deficiency (Wernicke’s 

encephalopathy)
Infectious
• Sepsis
• Meningitis/encephalitis
Psychiatric
• Mania
• Psychosis
• Depression
• Anxiety
• Catatonia

Adapted from Pun et  al., Fearing et  al., and the American Psychiatry Association Delirium 
Guidelines [49, 77, 78]
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vulnerability risk factors for developing AMS can be seen in Table 11.3. A patient 
with AMS who has little vulnerability risk factor is worrisome and should be con-
sidered to have a life-threatening illness [28–36].

 Vital Sign Abnormalities

Vital sign abnormalities such as hypotension, hypertension, hypoxemia, hyperther-
mia, and hypothermia can result in AMS and should be addressed immediately, and 
the patient should be reassessed after doing so. Though vital sign abnormalities may 
be the direct cause of the AMS, it is often caused by an underlying medical illness.

 Toxic

Toxins can cause acute brain dysfunction through a variety of mechanisms. This 
may be from release of endogenous neurotransmitters, metabolic derangements, or 
alterations in normal physiology. Alcohol, opioid, and benzodiazepine overdose can 
cause drowsiness or lethargy, while sympathomimetics (e.g., cocaine, amphet-
amines) and anticholinergics (e.g., jimson weed) can cause agitation or even com-
bativeness. Similarly, ethanol and benzodiazepine withdrawal can also cause 
AMS. Medication reactions such as serotonin syndrome or neuroleptic malignant 
syndrome (NMS) can present with AMS. Unintentional and intentional overdoses 
of home medications or over-the-counter medications can also result in AMS.

 Metabolic

Several metabolic abnormalities can lead to changes in mental status. For ease of 
recall, we suggest separating them into three major categories: electrolyte, hepatic, 
and endocrine.

 Electrolytes
• Glucose: Hypoglycemia may present as a comatose patient or with focal 

 neurologic findings. Hyperglycemia may suggest diabetic ketoacidosis (DKA) 
or hyperosmolar hyperglycemic state (HHS).

• Sodium: The most common electrolyte disorder in clinical practice is hyponatre-
mia [37], and the most common cause is thiazide diuretic use [38]. Hyponatremia 
can also occur in hypovolemic (dehydration with poor PO intake), euvolemic 
(SIADH), and hypervolemic (heart failure, cirrhosis) states. It is usually not asso-
ciated with changes in mentation until the level falls below 120 mEq/L. Similarly, 

Table 11.3 Risk factors that 
increase a patient’s 
vulnerability to developing 
altered mental status [77, 78]

Vulnerability factors

Older age
Dementia
Functional impairment
Medical comorbidities
Malnutrition
Substance abuse
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hypernatremia can cause acute brain dysfunction. The most common causes are 
diabetes insipidus and dehydration.

• Bicarbonate: Severe acidosis or alkalemia can cause changes in mental status, espe-
cially respiratory acidosis secondary to acute respiratory failure and hypercarbia.

• Calcium: Disorders in calcium may result in changes in mental status. The most 
common cause of hypercalcemia in outpatients is primary hyperparathyroidism; 
in the hospital setting, it is malignancy [39]. Hypocalcemia can lead to hypoten-
sion and arrhythmias which can result in acute brain dysfunction [40, 41].

• BUN: Though not an electrolyte, blood urea nitrogen (BUN) is discussed with 
electrolytes because they are reported in the chemistry together. When levels 
reach 100 mg/dL or higher, mental status changes may develop [42]. At these 
levels, uremia is likely present.

 Hepatic
• Acute liver failure causing hepatic encephalopathy can also lead to acute brain 

dysfunction. Several hypotheses regarding its pathogenesis exist, but ammonia, 
along with several other toxins, is believed to play a key role.

 Endocrine
• Hypothyroidism can cause a wide spectrum of changes in mental status, the worst 

being myxedema coma, which is exceedingly rare. It typically presents with signs 
of hypothyroidism plus multisystem organ failure [43]. It is important to consider 
hypothyroidism in elderly patients as their symptoms are often attributed to nor-
mal aging and the diagnosis ignored or attributed to another cause [44].

• Hyperthyroidism can also cause a wide spectrum of acute mental status changes 
depending on severity with the most severe being thyroid storm.

• Adrenal insufficiency may present as AMS, particularly in the hypotensive 
patient not responding to therapy. Other clues to making this diagnosis may 
include dark skin pigmentation, hyponatremia with hyperkalemia, hypoglyce-
mia, or cardiovascular collapse.

• Similarly, a corticosteroid-producing (i.e., Cushing) condition may present with 
acute changes in mental status.

 Infectious

Both systemic (e.g., pneumonia, urinary tract infections) and central nervous sys-
tem (e.g., meningitis, encephalitis) infections should be considered as a source of 
acute brain dysfunction. It is also important to note that AMS in the setting of infec-
tion is indicative of severe disease and is a component in the SOFA score which has 
been shown to be a predictor of ICU and hospital mortality [45, 46].

 Neurologic

A primary neurologic cause should always be considered in the patient presenting with 
acute brain dysfunction. These can include intracranial hemorrhage, subarachnoid 
hemorrhage, subdural/epidural hemorrhage, cerebral edema, hydrocephalus, locked-in 
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syndrome, cerebrovascular accidents (CVA), seizure, nonconvulsive status epilepticus 
(NCSE), posterior reversible encephalopathy syndrome (PRES), anti-NMDA 
(N-methyl-D-aspartate) encephalitis, meningitis, and other forms of encephalitis. 
Many of these causes will be discussed in more detail in other chapters.

 Psychiatric

A psychiatric cause of acute brain dysfunction is a diagnosis of exclusion in the ED. It 
is important to note that several studies have shown increased death rates among psy-
chiatric patients from both natural and unnatural causes [47]. Psychiatric patients suffer 
from a high rate of comorbid medical illness which are largely undiagnosed and 
untreated [47]. Twenty percent of psychiatric patients have a medical problem causing 
or exacerbating their psychiatric condition [47]. Atypical presentations of medical 
problems are common, and changes in vision appear to be the most predictive of a 
medical illness causing, or at least contributing to, their symptoms [47]. Table 11.4 lists 
features that should raise suspicion for a medical cause of a psychiatric presentation.

 Initial Evaluation and Management of Patients with Altered 
Mental Status in the Emergency Department

 Initial Evaluation

When a patient with AMS arrives to the ED, the initial step is to determine whether 
the patient is critically ill or not. More significant impairments of mental status 
should increase the suspicion for an underlying life-threatening illness, especially in 
patients who are stuporous or comatose (RASS of −4 or −5). Such patients should 
become the emergency physician’s immediate priority, and the primary goal should 
be to promptly assess and stabilize the patient with as little delay as possible.

 Initial Stabilization

The initial evaluation and management for ED patients with AMS is summarized in 
Table  11.5. The patient’s airway, breathing, circulation, and disability should be 
rapidly assessed and addressed. The patient should also be fully exposed to facilitate 

Table 11.4 Features that 
should raise suspicion for a 
medical cause of a 
psychiatric presentation

Features concerning for a medical cause of a psychiatric 
presentation

Changes in vision [47]
Abnormal ocular exam (miosis, mydriasis, nystagmus)
No prior psychiatric history
Vital sign abnormalities
Older age without previous psychiatric history
Altered level of arousal
Visual hallucinations [47]
Medical comorbidities [47]
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evaluation and treatment. Vital signs should also be quickly obtained to rule out 
hypotension, and if possible, a rectal temperature should be performed to accurately 
rule out hypo- or hyperthermia. Concurrently, a pulse oximeter and cardiac monitor 
should be placed to rule out hypoxemia or arrhythmias. An intravenous line should 
be established, and if the patient is hemodynamically unstable, then two large bore 
intravenous lines should be started in the antecubital fossa. Finger-stick blood glu-
cose should be rapidly obtained to rule out hypoglycemia.

Table 11.5 Initial assessment and management of a patient with altered mental status

Assessment Intervention
Airway • Is patient protecting his/her airway?

•  Look for airway obstruction including 
foreign bodies

•  Extend the neck, provide chin lift 
or jaw thrust

• Suction the oropharynx
•  In cases of trauma, provide 

cervical spine immobilization
• Nasopharyngeal airway
•  Oropharyngeal airway if no gag
•  Endotracheal intubation if patient 

is not able to protect airway
Breathing • Is there respiratory distress?

• Is the patient hypoventilating?
• Is the patient cyanotic or hypoxic?
• Auscultate the chest

• Provide high flow oxygena

•  Provide bag-valve-mask 
ventilation if hypoventilating

Circulation •  Check for pulse while getting blood 
pressure measurement

•  Look for other signs of hypoperfusion 
(i.e., capillary refill, skin temperature)

•  Place on electrocardiographic monitor 
to look for dysrhythmias

• Look for obvious bleeding
•  If hypotensive or signs hypoperfusion, 

consider bedside ultrasoundb

• Establish intravenous access
•  Two large bore intravenous lines 

are needed in patients who are 
hemodynamically unstable

•  Fluid challenge with intravenous 
crystalloid if hypotensive or has 
other signs of hypoperfusion

• Stop hemorrhage if accessible

Disability • Examine pupils
•  Assess responsiveness using a scale 

such as the RASS
• Check finger-stick blood glucose
•  Consider toxicologic causes (i.e., 

opioid overdose)

•  One amp (50 cm3) of D50 in 
hypoglycemia

•  Nalaxone in suspected opioid 
overdose

Exposure •  Expose the patient. Minimize heat 
loss in patients who are normothermic 
or hypothermic

•  Look for transdermal drug patches 
(e.g., fentanyl) that could cause 
mental status changes

• Look for signs of infection

• Remove drug patches

The inferior vena cava can also be assessed using the bedside ultrasound to assess whether a 
patient is hypovolemic (dehydration, hemorrhage) or hypervolemic (heart failure)
RASS Richmond Agitation and Sedation Scale
aIn patients who have chronic obstructive pulmonary disease, high flow oxygen may remove their 
respiratory drive especially in patients with chronic respiratory failure. Oxygen saturation should 
be titrated to the low 90s%
bPoint-of-care ultrasound can be used to rapidly rule out causes of hypotension such as cardiac 
tamponade and intra-abdominal blood in the emergency department

11 Altered Mental Status in the Emergency Department



218

If the patient is hypotensive, IV crystalloid fluid resuscitation should commence 
immediately. If the finger-stick blood sugar indicates hypoglycemia, one ampule 
(50 cm3) of D50 should be administered intravenously. Alternatively, 2 mg glucagon 
can be given intramuscularly if intravenous access is difficult to obtain. In ethanol 
abuse or malnourished patients, thiamine 100 mg given parenterally or intramuscu-
larly can also be considered if Wernicke’s encephalopathy is suspected. Based upon 
animal models, there is a theoretical risk that glucose administration may worsen 
encephalopathy in those who are thiamine deficient [48]. As a result, thiamine 
should be given prior to glucose administration.

If the AMS patient’s airway or respiratory status is tenuous, or if opioid overdose 
is suspected, nalaxone should be considered. The initial dose of nalaxone is not well 
established, but is generally considered to be 0.4 mg intravenously. This initial dose 
should be diluted in 10 cm3 of normal saline and be administered slowly over several 
minutes to avoid severe withdrawal symptoms. If there is no response, then the dose 
can be escalated to 2 mg and up to 10 mg intravenously. Such higher doses may be 
needed if the patient is on a long-acting opioid medication such as methadone. 
Because of the short half-life of naloxone, the clinician should consider a naloxone 
infusion or anticipate administering several more doses and monitoring the patient 
very closely. Transdermal fentanyl patches should also be looked for while exposing 
the patient, and if present, they should be removed immediately. Reversing benzodi-
azepine overdoses with flumazenil is not routinely recommended because it may 
elicit life-threatening withdrawal and seizures in patients who are chronic users.

 Management of Combative Patients

In patients who are agitated or combative (RASS +3 or +4), verbal de-escalation 
should be attempted. An attempt at satisfying the patient’s physical needs should also 
be attempted. Initial steps should be to modify the environment which involves dim-
ming or turning off the lights, minimizing auditory stimulation from cardiac monitor 
or infusion pump alarms, and having family members at the patient’s bedside [49, 50].

If this is unsuccessful or the patient is an immediate threat to himself/herself or 
others, a pharmacologic approach may be necessary. Treatment should target the 
cause, which is believed to be neurochemical alterations leading to dopamine 
excess and autonomic hyperactivity [51]. Neuroleptics, benzodiazepines, and a 
combination of different classes of medications are commonly used in managing 
these patients (Table 11.6). Intramuscular ketamine is gaining popularity as it has 
been shown to reliably sedate patients with an adequate safety profile [52–54]. 
Pain can also precipitate delirium and agitation especially in patients with trau-
matic injuries. In these cases, opioid medications or regional nerve blocks can be 
used for pain control and help reduce agitation [55]. If ethanol or benzodiazepine 
withdrawal is suspected, benzodiazepine and alpha-2 agonists such as clonidine 
can be administered. For older patients with AMS, benzodiazepines should be 
avoided unless the patient is believed to be withdrawing from ethanol or benzodi-
azepines [49, 56] as they can exacerbate delirium. As a result, typical and atypical 
antipsychotics are preferred in this patient age group.
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Some agitated patients may even require physical restraint prior to giving chemi-
cal sedation. If physical restraints are used, then it should be for the shortest time 
possible, and the prone position should be avoided as this has been associated with 
increased mortality [57].

 History

Obtaining a thorough and accurate history is a critical component to evaluating a 
patient with acute brain dysfunction. Because these patients, including those with 
subtle changes in mental status, are unlikely to provide an accurate history [58], 
most of this information will need to be obtained from a collateral historian. 
Preferably, this should be a person that also knows the patient’s baseline mental 
status such as a family member, caregiver, or friend.

 Timing

In general, more acute (hours to days) changes in mental status indicate a more life- 
threatening underlying illness as compared to a patient who has gradual (months to 
years) change. An abrupt (seconds) change in mental status may also suggest a 
cerebrovascular accident especially in the presence of focal neurologic findings.

 Associated Symptoms

Determining associated symptoms can help guide the clinician toward the cause of 
the mental status change and expedite treatment. Any focal neurologic complaints 

Table 11.6 Agents for acute undifferentiated agitation in the emergency department

Agents for acute agitation in the emergency department
Agent Formulation Dose (mg) Onset of action (min) Max daily dose (mg)
Lorazepam IV 2 2–3 12

IM 2–4 3–5 12
Midazolam IV 2–5 1–5 15

IM 5 5–10 15
Haloperidol IV 5–10 5–10 20–30

IM 5–10 15–20 20–30
Droperidol IV 2.5–5 3–10 15

IM 2.5–10 3–10 15
Olanzapine IM 5–10 15 30

PO 5–10 30–60 30
Ketamine IM 4–5/kg 3–4 1000

IV 0.5–1/kg 0.5 5/kg

Adapted from Vilke GM et al. J Forensic Leg Med 2012;19:117–121 [79] and Wilson MP et al. 
West J Emerg Med 2012;13:26–34 [80]. IV intravenous, IM intramuscular, PO oral
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should raise suspicion for a neurologic source and lead to neuroimaging. Fevers, 
chills, or other infectious symptoms should heighten suspicion for sepsis.

 Medications

Obtaining the patient’s medications, and whether or not there were recent changes, is 
also important. Because medication history obtained secondhand (i.e., through chart 
review or from triage) is notoriously inaccurate [59, 60], every effort should be made 
to obtain an accurate record of the patient’s medications. A history of any recent 
changes or additions to the patient’s home medication regimen should be elicited as 
well as changes in dosages; the clinician should determine if these changes are tempo-
rally related to the development of symptoms. In addition to prescribed medications, 
history of over-the-counter and alternative medication use should also be obtained.

 Social History

A social history should focus on alcohol, drug, and tobacco use. This may be impor-
tant in cases of substance withdrawal or if the patient appears intoxicated. Though 
often ignored, many elderly patients are abusers of ethanol and sedative-hypnotics 
[61, 62]. In elderly patients, social history should also investigate the patient’s living 
situation. Elderly patients who administer their own medications should be investi-
gated to ensure that they have not unintentionally overdosed. If such suspicion 
exists, the clinician can compare fill date to the number of pills present.

 Surgical History

Lastly, any recent surgery should be elicited as certain postsurgical complications, 
particularly infections, can precipitate AMS.

 Physical Examination

 The First 5 min

A thorough physical exam is particularly important in patients with acute brain 
dysfunction as it may be the first clue to the cause. Because timely intervention may 
improve outcomes, a brief but thorough neurologic exam should initially be per-
formed to evaluate for a CVA. Any focal neurologic findings such as hemiparesis, 
dysarthria, or visual changes should increase the clinician’s concern for a 
CVA. However, some CVAs may cause AMS in the absence of any focal neurologic 
findings, especially if the right parietal lobe is affected [63]. Basilar artery occlu-
sions can also cause coma and should be considered in the differential diagnosis.
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 After the First 5 min

When the patient is stabilized and the emergent interventions have been completed, 
a more thorough physical exam should be performed (Fig. 11.2). The patient should 
be fully exposed to ensure that no physical abnormalities are missed.

Head
Signs of trauma may

indicate intracranial injury.

Pupil
Fixed or dilated pupils may indicate
intracranial injury and/or increased

intracranial pressure.
Miosis may indicate opioid toxicity.

Mydriasis may indicate anticholinergic
toxicity.

Fundoscopic
Papilledema is indicative of increased

intracranial pressure.
Retinal subhyaloid hemorrhage is

suggestive of subarachnoid
hemorrhage.

Extraocular Eye Movement
Ophthalmoplegia may be seen in

Wernicke’s encephalopathy or
increased intracranial pressure.

Nystagmus may be present in alcohol
or drug intoxications.

Vertical extraocular eye movement
may indicate locked-in syndrome in

patients who appear comatose.

Neck
Thyromegaly may be present in

hyper- or hypothyroidism.
Meningismus increases the likelihood

of meningitis.

Lung
Listen for rales or crackles that

may indicate pneumonia (focal) or
pulmonary edema (diffuse).

Cardiac
New cardiac murmurs may

indicate endocarditis especially in
patients who are febrile.

Abdomen
Abdominal tenderness may be
indicative of an acute surgical

emergency such as appendicitis,
diverticulitis, or cholecystitis.

Genitourinary / Rectal
Look for decubiti ulcers or perirectal

or perianal abscesses.
Rectal examination should be

performed in patients with end-stage
liver disease to rule out esophageal

variceal bleeds.

Skin
Look for medication patches such as

fentanyl or scopolamine, signs of
infection, petechiae, and signs of liver

failure.

Neurology

Focal or lateralizing neurologic suggest
central nervous system insult (e.g stroke).
Gait ataxia may be present in Wernicke’s
encephalopathy or medication overdoses.

Repetitive movements may indicate seizure.

Fig. 11.2 The physical examination of the patient presenting with altered mental status
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 Ear, Eyes, Nose, and Throat

A head examination should look for any signs of recent head trauma as it can indi-
cate the presence of a subdural hematoma, subarachnoid hemorrhage, or other trau-
matic intracranial injury. An ocular exam should be performed to look for pupil size/
reactivity, extraocular movements, visual field deficits, presence of scleral icterus, 
presence of proptosis, presence of nystagmus, or presence of exophthalmos. 
Findings and causes are summarized on Table 11.7. The presence of miosis and 
mydriasis may indicate opioid and anticholinergic medication toxicity, respectively. 
If possible, an extraocular muscle examination should also be performed especially 
in patients who appear to be unresponsive. The presence of vertical eye movements 
may suggest locked-in syndrome. Ophthalmoplegia may be present in patients with 
Wernicke’s encephalopathy or increased intracranial pressure. The presence of nys-
tagmus may indicate intoxication with alcohol or other drugs. A fundoscopic exam 
can also be performed to assess for increased intracranial pressure or retinal subhya-
loid suggestive of subarachnoid hemorrhage.

 Neck

An examination of the patient’s neck should focus on presence of thyromegaly indi-
cating thyroid dysfunction. The clinician should also evaluate for meningismus sug-
gestive of meningitis or subarachnoid hemorrhage, although this does not rule out 
either condition.

Table 11.7 Findings and 
differential diagnosis on 
ocular exam

Ocular exam

Mydriasis Sympathomimetic
Anticholinergic

Miosis Opiate
Pontine stroke

Horizontal nystagmus Drug intoxication
Peripheral nervous system lesion [81]

Vertical nystagmus Central nervous system lesion [81]
Wernicke’s encephalopathy

Rotary nystagmus Drug intoxication
Central nervous system lesion

Exophthalmos Grave’s disease (hyperthyroid)
Ophthalmoplegia Wernicke’s encephalopathy

Increased intracranial pressure
Proptosis Retrobulbar hematoma

Orbital cellulitis
Scleral icterus Hepatic failure
Gaze deviation Seizure

Oculogyric crisis
Visual field deficit Central retinal artery occlusion

Occipital lobe infarct
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 Cardiopulmonary

The pulmonary exam may suggest pulmonary edema, pneumonia, or pneumothorax 
based on auscultation. A cardiac exam should evaluate for rate, rhythm, and extra 
heart sounds. A new murmur may suggest cardiogenic shock from a ruptured heart 
valve or endocarditis in a patient with a fever.

 Abdomen

An abdominal exam should focus on tenderness, presence of hepatosplenomegaly, 
and presence of ascites. Tenderness may suggest intra-abdominal pathology such as 
cholecystitis, appendicitis, diverticulitis, mesenteric ischemia, or volvulus, among 
other causes. Hepatosplenomegaly may suggest liver disease, a hematologic cause, 
or an oncologic cause.

 Neurologic

The neurologic examination should assess for focal abnormalities in strength, sen-
sation, and cranial nerves. Reflexes should be obtained to evaluate for hyporeflexia 
or hyperreflexia. Hyperreflexia may suggest an upper motor neuron lesion, while 
hyporeflexia may suggest an infectious or demyelinating cause. Gait should be 
assessed to evaluate for ataxia which may suggest Wernicke’s encephalopathy, toxi-
cologic causes, or medication overdoses. Tone, speech, balance, coordination, 
reflexes, and position sense should also be assessed. Increased tone may suggest a 
hypermetabolic state or condition such as serotonin syndrome, malignant hyper-
thermia, or NMS.

 Genitourinary

A rectal exam should focus on tone, blood, and pain out of proportion to the exam. 
Decreased tone may suggest a spinal cord injury from tumor, trauma, or infection. 
Pain may suggest prostatitis and perirectal or perianal abscess. Melena or frank 
blood may suggest a gastrointestinal bleed. If present, decubitus ulcers should also 
be inspected for possible infection, especially in older or immobilized patients.

 Skin

A skin exam should focus on both acute and chronic conditions. Findings such as 
jaundice, scleral icterus, and caput medusa may suggest hepatic encephalopathy. 
Other findings such as petechiae or purpura may suggest a hematologic cause or 
infectious cause such as bacterial meningitis. The skin should also be assessed for 
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soft tissue infections, particularly in the decubitus regions, and for the presence of 
drug patches (e.g., fentanyl).

 Diagnostic Evaluation

The diagnostic evaluation should be tailored to the history and physical examination 
as described below.

 Laboratory Evaluation

Laboratory tests are routinely performed in patients with acute mental status. When 
the patient initially presents to the ED, a finger-stick blood sugar should be obtained 
to rule out hypoglycemia.

 CBC
A complete blood count (CBC) with differential may reveal a profound anemia or 
polycythemia. Thrombocytopenia may result in a spontaneous intracranial hemor-
rhage which can lead to AMS. While not particularly sensitive or specific, marked 
leukocytosis or leukopenia may suggest an infectious etiology. Leukopenia should 
also raise suspicion for an immunocompromised state, which demands an even 
broader differential.

 BMP
A basic metabolic profile (BMP) should also be routinely obtained to rule out elec-
trolyte abnormalities such as hypernatremia, hyponatremia, hypercalcemia, or 
hypocalcemia. Because uremia can precipitate AMS, a BUN and serum creatinine 
should be ordered. An ionized calcium level should be obtained in patients with 
hyperparathyroidism, hypercalcemia of malignancy, and patients with a low cal-
cium level on their BMP [64].

 LFTs
A liver function panel or liver function tests (LFT) may reveal evidence of liver 
disease, though normal liver enzymes do not rule out liver disease. Elevated alkaline 
phosphatase should raise suspicion for gallbladder disease but is nonspecific and 
may represent bone breakdown. If stigmata of liver disease is present (i.e., jaundice, 
musky odor, venous varicosities, ascites), an ammonia level should be considered. 
Though it should not be used for screening [65], it may be helpful for trending when 
being treated for hepatic encephalopathy to assess response to therapy.

 Lipase
A lipase should be considered in patients with upper quadrant or midepigastric pain. 
Severe acute pancreatitis can even lead to pancreatic encephalopathy, a rare but 
poorly understood complication of acute pancreatitis [66].

A.T. Smith and J.H. Han



225

 Endocrine Studies
Other important laboratory studies to consider are thyroid function tests and a ran-
dom cortisol. Patients with hyperthyroidism typically present more classically than 
those with hypothyroidism. It is important to consider hypothyroidism in elderly 
patients who are hypoactive as their symptoms are often attributed to age, dementia, 
etc. Consider adrenal insufficiency in patients who present with hyperkalemia with 
hyponatremia and in those with shock not responsive to fluids and antibiotics. A 
random cortisol can help with diagnosis, but further testing is required to confirm 
the diagnosis.

 Urinalysis
A urinalysis should be considered in patients with acute brain dysfunction, particu-
larly in elderly patients. Results should be carefully interpreted, however, as asymp-
tomatic bacteriuria is common among all age groups and is frequently overtreated 
[67]. The diagnosis of a UTI should be based on several factors rather than by uri-
nalysis alone. A urinalysis can also assist in determining hydration status based on 
the urine specific gravity and presence/absence of ketones. It can also suggest other 
diagnoses such as rhabdomyolysis if blood is present without red blood cells.

 Toxicologic Evaluation
A urine drug screen (UDS) may be helpful but must be interpreted with caution. Though 
they can be obtained rapidly, they are prone to false positives, are not particularly sensi-
tive, and rely on multiple factors for detection [68]. In patients with a toxic overdose in 
which the substance is unknown, or concern for polysubstance ingestion is present, a 
serum osmolality should be drawn to evaluate for toxic alcohols. Acetaminophen and 
salicylate levels should be considered in this patient population as well.

 Lumbar Puncture
A lumbar puncture can evaluate for several etiologies including bacterial and viral 
meningitis, neurosyphilis, cryptococcal meningitis, Lyme disease, and several forms 
of encephalitis including anti-NMDA (N-methyl-aspartate) encephalitis. A lumbar 
puncture should be considered in patients with acute brain dysfunction particularly if 
no cause has been discovered, the patient is immunocompromised, or the patient has 
a history of fever. In a patient with AMS, a head CT is recommended prior to lumbar 
puncture due to a potential risk of iatrogenic herniation if increased intracranial pres-
sure (ICP) is present [69]. The basic evaluation of cerebral spinal fluid (CSF) should 
include total WBC count, protein, glucose, and culture. If concerns for other processes 
are present, specific antigens should be sent. We also recommend drawing an addi-
tional 3–4 cm3 to freeze in the event that further testing is needed in the future.

 Radiography
A chest x-ray should be considered to evaluate for an infectious infiltrate in the 
undifferentiated patient with acute brain dysfunction. It may also be useful to iden-
tify a pneumothorax, neoplasm, pulmonary edema, or pleural effusion. If the patient 
has a tender abdomen, the clinician should pay particular attention to the 
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hemidiaphragms on the film to evaluate for free air. Similarly, an abdominal x-ray 
should be considered in patients with abdominal pain. Though much less sensitive 
than an abdominal computed tomography (CT) scan, they are usually much quicker 
to obtain. The clinician should evaluate for free air, an obstructive bowel gas pat-
tern, presence of a volvulus, and air within the walls of the bowel.

 ECG
An electrocardiogram (ECG) should be considered in those with acute brain dys-
function, particularly those whose heart is bradycardic or tachycardic. It should be 
evaluated for rate, rhythm, ischemia, and intervals.

 EEG
Nonconvulsive status epilepticus (NCSE) should be considered in two major patient 
populations: those in which no cause can be discovered and those with a seizure 
history or who seized prior to arrival. The incidence of NCSE in patients with AMS 
is 8–30% [70]. It is an under-recognized and therefore undertreated cause of acute 
brain dysfunction. Electroencephalography (EEG) should be performed on patients 
with suspected NCSE.

 Neuroimaging

Depending on the suspected cause, neuroimaging should be considered. A summary 
of neuroimaging is listed in Table 11.8.

 Non-contrast Head CT

A non-contrast head CT is the most common neuroimaging test ordered in the ED 
and is generally the first line of imaging due to its speed and availability. It provides 
rapid information about hemorrhage, infarction, tumor, cerebral edema, and bony 

Table 11.8 Common neuroimaging modalities and indications

Neuroimaging
CT MRI

No contrast Intracranial hemorrhage
Assessing ICP

CVA [73]
Posterior fossa [74]

With contrast Tumor
Mass
Abscess
Immunocompromised

Tumor
Mass
Abscess
Immunocompromised

Angiogram CVA [71]
Dissection
Aneurysm

Contrast contraindication

Venogram Dural venous thrombosis Contrast contraindication

CT computed tomography, MRI magnetic resonance imaging, ICP intracranial pressure, CVA cere-
brovascular accident
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injury [71] and should be considered if there is any concern for those processes or 
no other cause of AMS has been discovered. For older patients who are delirious, 
performing routine head CT is controversial [72]. In general, though, older patients 
with delirium should receive a head CT if there has been history of trauma, a focal 
neurologic deficit, or impaired level of consciousness [29, 72].

 CT Angiography

CT angiography can be performed by injecting contrast and timing the uptake into 
the intracranial vasculature while obtaining images. Imaging is highly sensitive for 
detecting stenosis of vessels, aneurysms, and dissections. It can additionally be used 
to estimate perfusion of the brain parenchyma [71] and whether or not a vertebral or 
basilar artery CVA is present.

 Brain MRI

Though MRI is a more time-consuming imaging modality and is not available in all 
centers, it has the advantage of being radiation-free and is superior at detecting isch-
emic change [73] and visualizing the posterior fossa [74]. A brain MRI can also be 
considered if no other etiologies for the patient’s AMS are found. If MRI is unavailable 
or the patient has a contraindication, a contrast-enhanced CT may be the test of choice.

 Disposition

Disposition for patients with acute brain dysfunction depends on the cause and sta-
bility of the patient:

• Stuporous or comatose patients will need hospital admission and likely require 
the intensive care unit.

• Patients with a CVA should be admitted to a stroke care unit as this has been 
associated with improved mortality and outcomes [75].

• If the cause of AMS is toxicologic, a poison center should be consulted (1-800- 
222-1222). Poison centers can help with the treatment and stabilization of the 
patient and can assist with disposition as well. Many ingestions require 24-h 
monitoring even with stable vital signs.

• If a cause is determined and symptoms resolve, observation or discharge home 
with close supervision and close follow-up can be considered.

• A psychiatric cause should be a diagnosis of exclusion. A psychiatry and/or neu-
rologic consultation should be strongly considered prior to discharging a patient 
or admitting a patient to a psychiatric treatment facility.

For many patients, the cause of acute brain dysfunction is not determined. If the 
cause is thought to be delirium, particularly in elderly patients, there is little 
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evidence- based guidance regarding their disposition. There is some evidence, however, 
that those who are discharged from the ED are more likely to die than non- delirious 
patients, particularly if the diagnosis of delirium is missed by the ED [76]. If discharge 
is indeed deemed suitable, close supervision and outpatient follow-up should be ensured.

 Pearls and Pitfalls

 Pearls

• Obtain a thorough history.
• Perform a thorough physical exam.
• Obtain blood glucose early.
• Determine baseline early.
• Keep a broad differential.
• Consider medical causes of AMS in psychiatric patients, especially when visual 

hallucinations are present.
• Expect atypical presentations of medical problems in psychiatric patients.

 Pitfalls

• Forgoing skin/rectal exam
• Anchoring on the first positive finding (i.e., UTI is primary cause)
• Relying on chart for medical history and medication list
• Attributing AMS to a psychiatric disorder

Critical features: history

Likely emergent Less likely to be emergent
Vital sign abnormalities New or change in medications
Young age Older age
Neurologic deficits History of similar episodes
Sudden onset Gradual onset
Fever History of dementia

Critical features: physical exam

ABCs Must be secured before moving forward
Finger-stick glucose Hypoglycemia can present in many ways
Neurologic exam Evaluate for CVA quickly
Survey for trauma A medical vs. trauma differentiation must be done early
Ocular exam Pupils, extraocular movements, visual fields, nystagmus
Neck Masses, scars, presence/absence of rigidity
Cardiopulmonary Breath sounds, heart rate and rhythm
Abdominal exam Tenderness, masses
Rectal exam Tone, pain, blood
Skin exam Eruptions, fistulas, skin color, liver failure sequelae
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12Acute Generalized Weakness

Latha Ganti and Vaibhav Rastogi

 Case Presentation

A 37-year-old male presents to your emergency department Saturday afternoon com-
plaining of generalized weakness, a feeling of being wiped out, and no strength in his 
legs. It started the previous day at work, and by midday today, he knew something 
was wrong. His kids had been sick with a cold the last week, and he too just recov-
ered from an upper respiratory infection a few days before that. He reports back pain 
as well. He took 800 mg of ibuprofen with minimal relief. On neurologic exam, he is 
fully awake and alert, without any change in level of consciousness. He has decreased 
power in both his upper and lower extremities. His deep tendon reflexes are difficult 
to detect. He does not have dysmetria or dysarthria. He states “I feel weak.”

 Introduction

Weakness is a common complaint in the emergency department (ED) and a most 
challenging one because before the emergency physician can proceed with an evalu-
ation, the complaint of “weakness” must be fully clarified to determine what the 
patient is actually complaining about.

A prospective observational study from Switzerland underscores the vast differ-
ential diagnosis of the chief complaint of weakness [1]. Of 79 consecutive patients 
presenting to the ED with generalized weakness, the spectrum of diagnoses spanned 
14 distinct ICD-10 codes. The most frequent were diseases of the respiratory system 
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(18%), followed by endocrine, nutritional, and metabolic diseases (14%), and neo-
plasms (10%). Infections were the most common cause of generalized weakness. 
The authors attributed this to the median age of 78 in their cohort; this highlights the 
fact that older patients may not have fever, cough, or other specific signs of infec-
tion, but rather present as generalized weakness.

When patients complain about weakness, the first distinction that is important 
to make is whether it is true neuromuscular weakness or rather feeling fatigue, 
malaise, or asthenia. Fatigue is the inability to continue performing a task after 
multiple repetitions—the muscle gets weak after sustained activity. Malaise is a 
general feeling of being ill or having no energy. Malaise is perhaps more properly 
described as asthenia, which is defined as a sense of weariness or exhaustion in the 
absence of muscle weakness [2]. The key difference is that with true neuromuscu-
lar weakness, the patient is unable to partially or fully perform the task in the first 
place.

Weakness can be unilateral or bilateral. The most common cause of unilateral 
weakness is acute brain infarction or ischemia (stroke or TIA) and intracerebral 
hemorrhage (including subarachnoid hemorrhage; see Chap. 2). Poisons are also a 
class of other potential contributors to weakness, which have their own vast separate 
discussion. The focus of this chapter will thus be causes of acute generalized non-
traumatic bilateral weakness. Evaluation begins with the history and physical exam-
ination followed by diagnostic testing in some cases.

 History

 Onset

The timing of weakness can sometimes provide a clue to diagnosis. Generally, 
weakness that develops minutes to hours prior to presentation is due to metabolic 
(electrolyte) or toxic disorders or stroke. Weakness that began within the last 24 h 
includes etiologies such as acute porphyric neuropathy, Guillain-Barré syndrome 
(GBS), myasthenia gravis (MG), and tick paralysis. Weakness that has been going 
on for a week or longer is often associated with peripheral nerve problems and NMJ 
diseases. Weakness characterized by frequent relapses is suggestive of multiple 
sclerosis, periodic paralysis, and myasthenia gravis. Weakness that is transient in 
nature is seen with peripheral nerve entrapment problems, hemiplegic migraine, and 
periodic paralysis.

 Description of Weakness

Asking the patient what they can no longer do or do without difficulty is a good 
start to localizing the problem. For example, difficulty combing one’s hair or 
climbing stairs suggests proximal muscle weakness, whereas difficulty buttoning 
one’s shirt or turning a door knob indicates distal muscle weakness. Dysphagia, a 
nasal voice, and dysarthria are associated with bulbar muscle weakness and raise 
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concern for impending airway compromise. Generally, proximal muscle weakness 
suggests a myopathic process, while distal muscle weakness indicates a (poly)
neuropathy.

 Comorbidities

Underlying systemic illnesses can contribute to the presentation of weakness. For 
example, diabetes and some rheumatic disorders cause neuropathy.

 Family History

A family history of dystrophy, periodic paralysis, porphyria, paraneoplastic syndromes, 
and hereditary predisposition to pressure palsies can be important in generating an 
appropriate differential diagnosis. Sometimes patients may not know the names of dis-
eases, so asking about specific symptoms as in the patient history may be more useful.

 Medications

A number of medications can cause myopathy (muscle disease), most notably the 
statins that are in widespread use. Table 12.1 summarizes some of the most common 
drugs associated with myopathies [3, 4]. Myopathies can also be inherited such as 
muscular dystrophies or acquired.

Table 12.1 Drugs that can 
cause myopathy

HMG Co-A reductase inhibitors (statins)
Gemfibrozil
Alcohol
D-penicillamine
Interferon-a
Procainamide
Zidovudine
Lamivudine
Germanium
Colchicine
Vincristine
Quinine drugs
Amiodarone
Emetine
Ipecac
Corticosteroids
Hydroxyurea
Leuprolide
Sulfonamides

From: Ganti and Rastogi [42]
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 Physical Examination

 Motor Nervous System

Weakness can be caused by problems affecting upper motor neurons (UMNs), lower 
motor neurons (LMNs), the neuromuscular junction (NMJ), or the muscle itself (Fig. 12.1).

The LMNs are comprised of anterior horn cells (AHC) and innervate the skeletal 
muscle. UMNs provide impulses and regulate the activity of lower motor neurons 
[5]. The neuromuscular junction is a chemical synapse formed by the contact 
between the motor neuron and a muscle fiber.

The motor neuronal pathway originates in the primary motor cortex (precentral 
gyrus) of the cerebral cortex. The corticobulbar and corticospinal tracts are the two 
main pathways of motor conduction, with the majority of axons from the corticospi-
nal tract. Corticobulbar fibers terminate in the brain stem. Corticospinal fibers pass 
through the internal capsule; most of them cross to the contralateral side in the brain 
stem (pyramidal decussations of the medulla) and continue as lateral corticospinal 
tract in the spinal cord. They ultimately terminate in the gray matter of the spinal 
cord. Peripheral nerves (LMNs) arising from the spinal cord supply skeletal muscle. 
LMN disorders affect a particular muscle that is innervated by that nerve. Signs of 
LMN disease include decreased muscle tone, hyporeflexia, fasciculations, and an 
absent Babinski sign (Table 12.2). The Babinski sign is extension (rather than the 
normal flexion response) of the hallux (great toe) in response to stimulation of the 
sole of the foot with a blunt instrument.

Examples of LMN problems include poliomyelitis, lower spinal cord injury (L4–
S2) with nerve root compression, amyotrophic lateral sclerosis (ALS), progressive 
spinal muscular atrophy, spondylotic myelopathy, and radiation myelopathy. 
Problems that affect the peripheral nerves include trauma (including entrapment); 
toxins such as lead, alcohol, and many drugs; infectious causes such as diphtheria, 
Lyme disease, and HIV; inflammatory polyneuropathies such as GBS; metabolic 
derangements such as diabetes and porphyria; vascular problems such as autoim-
mune arteritis; nutritional disturbances such as vitamin B1 or B12 deficit or pyri-
doxine toxicity; heredity conditions such as Charcot-Marie-Tooth disease; 
neoplasms; and abnormal proteins (amyloidosis).

By contrast, UMN disorders have widespread manifestations and a more compli-
cated pathophysiology. Signs of UMN disease include increased muscle tone (spas-
ticity), hyperreflexia, and a positive Babinski. Examples of problems associated 
with UMN disease include cerebrovascular accidents, intracranial tumor, cervical 
spine injury (C1–C6), transverse myelitis, HIV, ALS, cerebral palsy, multiple scle-
rosis, and spinal stenosis.

Diseases of the NMJ are characterized by fluctuating strength based on muscle 
use. The classic examples of NMJ diseases are myasthenia gravis, where repeated 
contractions result in decreasing power, and Eaton-Lambert myasthenic syndrome 
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Fig. 12.1 Anatomic localization of various etiologies of muscle weakness
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in which repeated contractions result in increasing power. Botulism and organo-
phosphate poisoning are other examples.

Diseases that cause myopathy include congenital problems such as muscular 
dystrophy; infection such as trichinosis; connective tissue disease such as polymyo-
sitis, scleroderma, and mixed connective tissue disorder; endocrine derangements 
such hypo-/hyperthyroidism, hyperparathyroidism, and hypo-/hyperadrenalism; 
neoplastic; and drug-induced.

 Elements of the Motor Examination

The motor component of the neurological examination comprises of four main ele-
ments [6]: muscle bulk, tone, strength, and stretch reflexes. These assist in localiz-
ing the lesion responsible for the weakness.

Bulk: To ascertain muscle bulk, careful inspection of the muscles bilaterally is 
required. Decreased muscle bulk (atrophy) is seen in denervation disorders involv-
ing the peripheral nerves. Fasciculations (rapid twitching of the muscle) can also be 
noticed in the atrophic muscle. Non-neurological disorders can also result in atro-
phy such as disuse, and patient history can help in this regard.

Tone: Passive movement of the muscles can elucidate the tone, which is basically 
a resistance in the movements. Tone can either be normal or increased or decreased. 
A slight resistance is observed in normotonic muscle. Hypertonicity mostly com-
monly presents in the form of rigidity or spasticity. Rigidity is constant increase in 
tone over the entire range of motion, also described as “lead pipe.” Spasticity on the 
other hand is variable increase in the tone and is dependent on velocity, also known 
as “clasp-knife” form. Rigidity is classically associated with a basal ganglia disorder, 
whereas spasticity is commonly observed in diseases involving corticospinal tracts. 
Hypotonicity (decreased muscle tone) is seen in lower motor neuron disorders.

Assessment of muscle strength: Strength (power) of the muscle can be graded 
per the British Research Council system (Table 12.3) [7].

Stretch reflexes: Stretch reflexes are muscle contraction occurring when the ten-
don is percussed over a stretched muscle. They can either be normal, decreased 
(lower motor neuronal disorders), or increased (upper motor neuronal disorders). 
They are graded on the basis on intensity of contraction: 4, clonus (very brisk); 3, 
brisk but normal; 2, normal; 1, minimal; and 0, absent.

Table 12.2 Comparison of 
the signs of upper motor 
neuron vs. lower motor 
neuron

Sign UMN LMN
Reflexes Increased Decreased
Atrophy Absent Present
Weakness Present Present
Fasciculations Absent Present
Tone Increased Decreased
Extensor Present Absent
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 ED Management

The first priority with any patient presenting to the ED for any complaint always 
includes the ABCs of airway, breathing, and circulation. In this immediate 
assessment, a quick mental checklist of life-threatening causes of “weakness” 
(not necessarily true neuromuscular weakness) is helpful (Table 12.4) to decide 
which further investigations might be warranted. In general, obtaining a CBC, 
chemistry, and urinalysis covers a broad scope. If there is any respiratory com-
promise, an ABG and an inspiratory pressure (or negative inspiratory force—
NIF) should be obtained as well. CPK is useful when considering rhabdomyolysis. 
Blood cultures and lactate are obtained when sepsis is in the differential. For 
most cases of acute generalized weakness, brain imaging will be of low yield, 
unless an acute stroke is still in the differential (see Chap. 2 for diagnosis and 
treatment of acute stroke). A lumbar puncture is helpful for diagnosing encepha-
litis. Once initial stabilization is complete, focusing on a detailed history and 
physical examination can provide clues as to which specific disease entity may 
be present (Table 12.5).

Table 12.3 Grading scale for muscle strength

Grade Description
Grade 5 Normal strength
Grade 4 Reduced strength but can still move joints against resistance
Grade 3 Movements against gravity but not against resistance
Grade 2 Movements only with the elimination of gravity
Grade 1 Only fasciculations are noticed, and no movement is observed
Grade 0 No muscle contractions

Table 12.4 Acute life- 
threatening causes of 
“weakness”

Myasthenia gravis
Guillain-Barré
Botulism
Adrenal insufficiency/hypermagnesemia
Organophosphate poisoning
Carbon monoxide poisoning
Hypokalemia
Hypoglycemia
Cerebrovascular accident
Seizure
Spinal cord compression
Encephalopathy
Sepsis

From: Ganti and Rastogi [42]
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 Guillain-Barré Syndrome [GBS]

Although GBS is an uncommon presentation in the ED, it is the most common 
cause of acute paralysis [8]. Also known as acute inflammatory demyelinating poly-
neuropathy (AIDP), Guillain-Barré syndrome is an immune-mediated neuropathy 
that typically starts after a respiratory or gastrointestinal infection. Campylobacter 
jejuni gastroenteritis has been most commonly associated with GBS.  It typically 
presents as numbness in the distal extremities followed by progressive ascending 
weakness. The weakness progresses symmetrically from the distal extremities prox-
imally. Pain can be present in the disease, most often in the back and extremities, 
and can overshadow the weakness. Areflexia is typical. The weakness can progress 
to involve the respiratory muscles in 10–30%, at which point the patient requires 
respiratory support in the form of early intubation and mechanical ventilation. 
Indications for intubation include forced vital capacity <20 mL/kg, maximum inspi-
ratory pressure <30  cmH2O, and maximum expiratory pressure <40  cmH2O [9, 
10]. “Softer” indicators, but perhaps more useful in the emergency department, are 
the inability of the patient to lift his head or shoulders or to cough and fewer days 
between onset of symptom and presentation to the ED. Succinylcholine should be 
avoided for paralysis during intubation due to significant risk of hyperkalemia, 
which is a result of upregulation of muscle acetylcholine receptors [11].

Seventy percent have autonomic dysfunction, which manifests as tachycardia, 
urinary retention, hypertension alternating with hypotension, ileus, and loss of 
sweating. The Miller Fisher variant of GBS is characterized by ophthalmoplegia 
with ataxia and areflexia and comprises about 5% of GBS cases.

Cerebrospinal fluid analysis reveals albuminocytologic dissociation, which is an 
increase in protein levels without associated pleocytosis, but the elevated protein 
may be absent in the first week of the disease.

Plasmapheresis and intravenous immunoglobulins (IVIG) are used to treat GBS 
and are more efficacious when given during first 1–2  weeks [12]. A Cochrane 
review of 649 patients noted more improvement with plasma exchange than with 
supportive care alone [13]. IVIG started within 2 weeks hastens recovery as much 
as plasma exchange. However, IVIG are more likely to be completed by the patient 
[14]. Side effects of IVIG include hypertension, headache, nausea, fever, chills, 
and renal failure. Side effects of plasmapheresis include hypotension, bleeding, 
and allergic reaction. There is no role for corticosteroids in the treatment of GBS 
[15]. Prompt treatment is associated with a good long-term prognosis, with 85% 
recovering fully [16].

 Myasthenia Gravis

Myasthenia gravis (MG), although rare, is the most common disease of the NMJ. It 
most commonly is a T-cell-mediated disease in which autoantibodies are generated 
against the postsynaptic acetylcholine receptors. After binding to these receptors, 
they prevent the binding of the neurotransmitter (acetylcholine). This prevents the 
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transmission of action potentials from nerve to muscle ultimately resulting in weak-
ness. Although this is a chronic process which involves the blockade, downregula-
tion, and complement-mediated destruction of the postsynaptic receptor, it can also 
appear as an acute entity in the form of acute myasthenic crisis or cholinergic crisis, 
which is described below. MG affects approximately 59,000 people in the United 
States (2003 estimate, [17]) with a predisposition toward women and people aged 
20–30 and 60–70 years. Acute myasthenic crisis occurs in approximately 3% of MG 
patients and can be a presenting symptom in 13–20% of patients.

The most common initial presenting symptoms are ptosis and diplopia [18]. The 
“curtain sign” reflects fatigable ptosis with sustained gaze. Dysarthria, dysphagia, 
fatigue, and generalized weakness (proximal > distal) can also be seen. Symptoms 
are less severe in the morning with severity increasing as the day progresses and are 
worsened by exertion. Typical clinical features of MG include ptosis and diplopia in 
about half of all MG patients and bulbar symptoms of dysarthria, dysphagia, and 
fatigable chewing in 15%. Ocular dysfunction in MG is variable over the course of 
the day and ranges from internuclear ophthalmoplegia to vertical gaze paresis. One 
hallmark is that pupillary function is always spared in MG.

Laboratory diagnosis of MG includes serum assays for the acetylcholine recep-
tor antibody. Eighty percent of general MG patients have anticholinesterase recep-
tor IgG, while 30–50% of those with the ocular variant of MG do. Another 30–40% 
have the anti-Msk antibody, while 5% have no identifiable antibody [19]. One or 
more of these antibodies are elevated in the majority of patients with MG and rarely 
elevated in other disorders.

The mainstay of treatment for MG is a cholinesterase inhibitor such as pyr-
idostigmine or neostigmine. These drugs inhibit the breakdown of acetylcholine, 
allowing it to act longer at the NMJ. Side effects include nausea, vomiting, abdomi-
nal cramps, diarrhea, and fasciculations. Thymic dysplasia is present in 65% of MG 
patients, and 10% have thymoma; thus, thymectomy is recommended for patients 
with MG.

Patients with MG can present with acute weakness either because they have too 
much medication (resulting in a cholinergic crisis) or because of an exacerbation of 
their myasthenia, usually secondary to an acute illness or stress (myasthenic crisis) 
which results in not enough anticholinesterase inhibitor. It is not always possible to 
distinguish the two types of crises based on physical examination. The edropho-
nium (Tensilon) test can be used to differentiate the two; a patient with a myasthenic 
crisis will improve, while the patient with a cholinergic crisis will worsen. Both 
problems can coexist. However, this puts patients with cholinergic crisis at risk for 
airway compromise; further, there are several false positives seen with the edropho-
nium test, resulting in further danger for patients with cholinergic crisis. The pre-
ferred approach to MG in crisis from either cause is to admit to a monitored setting 
(ICU), provide respiratory support in the form of BiPAP (preferred, in contrast to 
GBS) or intubation (if BiPAP not adequate), take away all cholinergic medications, 
and slowly add pyridostigmine (0.5  mg/kg q3h) while carefully monitoring the 
patient [20]. Although BiPAP is the preferred mode of ventilation for respiratory 
failure in myasthenia gravis, if one does proceed to endotracheal intubation, 
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it  should be noted that succinylcholine will be relatively ineffective to achieve 
 muscle relaxation. Either a higher dose (approximately 2.5 times standard dose) of 
succinylcholine or a half dose of a nondepolarizing agent (e.g., rocuronium 0.5–
0.6 mg/kg) should be used. Plasma exchange, intravenous immunoglobulins, and 
corticosteroids can be helpful in managing crises [21]. First-line treatment for long-
term immunosuppression is with azathioprine. Alternative immunosuppressive 
drugs for MG include cyclosporine, cyclophosphamide, methotrexate, mycopheno-
late mofetil, and tacrolimus and rituximab [19].

 Eaton-Lambert Syndrome

Eaton-Lambert syndrome (ELS) is a myasthenic syndrome characterized by defec-
tive acetylcholine release at the presynaptic nerve terminal resulting in proximal 
muscle weakness. The hallmark of the disease that distinguishes it from MG is that 
repetitive muscle effort actually improves the weakness. Table 12.6 summarizes the 
features of ELS vs. MG. As a paraneoplastic syndrome, the mainstay of ELS treat-
ment is treatment of the underlying malignancy if applicable, followed by treat-
ments similar to MG including steroids, immunosuppressives, plasma exchange, 
and IVIG.

 Botulism

Botulism results from ingestion of preformed toxin or infection with botulinum 
spores which elaborate botulinum toxin by the bacteria Clostridium botulinum. It is 
a rare disease in adults, with most outbreaks related to ingesting contaminated foods 
(foodborne botulism). Less common modes of contracting it include via open 
wounds and, more recently, from direct inoculation for cosmetic purposes [22]. It 
presents with acute onset of bilateral cranial neuropathies approximately 12–36 h 
after ingesting the toxin and presents with symmetric descending weakness. 

Table 12.6 Features of Eaton-Lambert syndrome (ELS) vs. myasthenia gravis (MG)

ELS MG
Pattern of weakness Proximal limbs Eyes

Bulbar muscles
Reflexes Limbs and trunk
Involvement of peripheral 
nervous system and 
autonomic nervous system

Paresthesias
Dry mouth
Impotence

None

Effect of exercise Improves muscle weakness Worsens muscle weakness
EMG Amplitude increases with 

exercise (stimulation facilitates 
muscle action potential)

Amplitude decreases with 
exercise

M:F ratio 5:1 2:3
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Patients are afebrile and have intact mental status. Reflexes are normal and there are 
generally no sensory deficits. Cranial nerve involvement is manifested by blurred 
vision, diplopia, nystagmus, ptosis, dysphagia, dysarthria, and facial weakness. 
Pupils are often involved in botulism, distinguishing it from MG. Smooth mus-
cle paralysis results in urinary retention and constipation. Paralysis of the diaphragm 
results in respiratory compromise which requires mechanical ventilation [23]. The 
disease spectrum can range from mild cranial nerve palsies to rapid death. Treatment 
of foodborne and wound botulism consists of antitoxin therapy with equine serum 
heptavalent botulism antitoxin [24] in an attempt to prevent neurologic progression 
of a moderate, slowly progressive illness or to shorten the duration of ventilatory 
failure in those with a severe, rapidly progressive illness and hospital admission to 
monitor respiratory status and begin prompt mechanical ventilation when needed 
[25]. The antitoxin is stockpiled regionally by the CDC and can be accessed by 
notification on one’s local health department. Antibiotics and wound debridement 
are additional measures for wound botulism.

Infant botulism is a distinct illness associated with the ingestion of Clostridium 
botulinum spores (vs. direct ingestion of the toxin as seen in adult foodborne botu-
lism) and is actually the most common form of botulism. As the name implies, it is 
seen in infants and is most commonly attributed to the ingestion of honey, which is 
why the American Academy of Pediatrics recommends no honey for children under 
the age of 12 months [26]. Clinical manifestations of infant botulism mirror those 
of adult foodborne botulism with signs such as inability to suck and swallow, weak-
ened voice, ptosis, and floppy neck and that may progress to generalized flaccidity 
and respiratory compromise [27]. Infant botulism is treated with intravenous botu-
lism immunoglobulin [26].

 Familial Periodic Paralyses

The familial periodic paralyses are a group of hereditary diseases associated with 
abnormal ion channels [28]. This condition can be particularly difficult to diagnose 
because examination in between attacks may be completely normal until late the 
condition. The hallmark is a description of weakness that comes on randomly (not 
associated with any particular time of day or activity). Symptoms typically start 
before 20  years of age and can be triggered by certain foods (carbohydrates or 
potassium-rich foods) or rest after exercise.

Patients often show abnormal serum potassium (either hyper- or hypokalemia) 
during the episode of weakness. Hypokalemic periodic paralysis is the most com-
mon type and is a calcium channelopathy. Symptoms often follow exercise or a 
heavy carbohydrate meal. Acute treatment is supportive. Total body potassium is 
normal. Hyperkalemic periodic paralysis, which is much less common, is a sodium 
channelopathy, and the acute treatment consists of carbohydrate meal/glucose. 
Electrodiagnostic testing shows a characteristic drop in compound muscle action 
potentials with exercise [29].
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 Poliomyelitis

Poliovirus is an enterovirus that is transmitted by fecal-hand-oral transmission and 
can result in acute flaccid paralysis. While poliovirus has been eradicated in much 
of the world, it remains endemic in sub-Saharan Africa and parts of Asia. It infects 
the anterior horn cells and can ultimately cause the death of these motor neurons 
and paralyze the muscle fibers supplied by them. Only a minority of infections 
(<5%) experience paralytic poliomyelitis [30]. The infection commences with a flu-
like illness that leads to meningismus characterized by high fever, headache, and 
myalgia. Thereafter, asymmetric muscle spasms and muscle weakness set in which 
gradually worsen over 2–3 days. Proximal muscle weakness is more common than 
distal muscle weakness with predominant involvement of the legs. Bulbar involve-
ment can also be noted in a subgroup of these patients, more commonly in adults, 
with symptoms such as dysarthria and dysphagia.

Polymerase chain reaction (PCR) amplification of poliovirus is the most sensi-
tive method for diagnosis. Poliovirus is most likely to be isolated from stool speci-
mens. It may also be isolated from pharyngeal swabs. Isolation is less likely from 
blood or CSF [31]. Treatment recommendations for an acute attack are supportive, 
with a focus on pain relief and physiotherapy. Strict bed rest is required to prevent 
paralysis extension. Physical therapy assists in prevention of the development of 
contractures and joint ankylosis. In some patients, respiratory failure can also ensue 
necessitating intubation and mechanical ventilation. Approximately 25% of polio 
survivors develop post-polio syndrome, characterized by progressive muscle weak-
ness [32], typically in previously affected muscles.

 Organophosphate and Carbamate Poisoning

Organophosphates (OP) and carbamates are found in many pesticides and household 
products. These compounds cause weakness by binding to acetylcholinesterase and 
rendering it inactive, which leads to an excess of acetylcholine at the 
NMJ. Organophosphates bind the receptor irreversibly, whereas carbamates bind it 
transiently. Symptoms of OP poisoning include muscarinic effects and nicotinic 
effects. The muscarinic effects are what one classically thinks of as the cholinergic 
toxidrome: salivation, lacrimation, urination, defecation, emesis, bronchorrhea, and 
miosis. The nicotinic manifestations are muscle weakness, fasciculations, and paraly-
sis. In up to 20% of patients with OP poisoning, a new neuromuscular weakness sets 
in approximately 24–96 h after initial exposure, and this phenomenon has been termed 
the intermediate syndrome [33]. It consists of proximal limb weakness and weakness 
of the respiratory muscles. The resulting respiratory distress needs to be aggressively 
managed, and when this is done, most patients recover fully without sequelae.

Treatment of OP poisoning includes atropine (which only reverses the musca-
rinic effects) plus an oxime such as pyridoxine (which reverses both nicotinic and 
muscarinic effects) [34]. They should be given together. The endpoint to atropine 
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treatment is resolution of respiratory secretions and cessation of bronchoconstric-
tion. Very large quantities of atropine, in the order of hundreds of milligrams, are 
required. Pralidoxime is administered slowly at a dose of 30 mg/kg. If intubation is 
required, succinylcholine should be avoided since OPs inhibit acetyl cholinesterase, 
the enzyme that metabolizes succinylcholine. Nondepolarizing neuromuscular 
blocking agents will work, but larger doses are required. CNS effects include sei-
zures, and these should be treated with benzodiazepines, rather than phenytoin, 
which have not been shown to be effective [35].

 Transverse Myelitis

Transverse myelitis is a monophasic immune-mediated condition restricted to the 
spinal cord. In children, up to 60% cases occur as an autoimmune phenomenon fol-
lowing an infection or vaccination. This association is less common in adults. Up to 
one third of cases are idiopathic [36]. Multiple sclerosis is another relatively com-
mon cause; Lyme disease and schistosomiasis are two infectious causes. Symptoms 
depend on the spinal cord level involved and can include motor symptoms such as 
paraparesis or quadriparesis, autonomic dysfunction such as bowel and bladder dys-
function, and a sensory level below the lesion. The symptoms are bilateral, and 
typically symmetric, but can occasionally be asymmetric. Leg flexors and arm 
extensors are more commonly affected. Symptoms evolve over hours to days, with 
an average of 4–21 days, with the nadir at 2 weeks. Progression to nadir within 
4 h excludes the diagnosis of transverse myelitis. In the acute phase, muscle flac-
cidity is observed; this converts into spasticity later in the disease course [37]. Pain 
is a common symptom both during and after an attack of traverse myelitis and can 
be neuropathic or musculoskeletal in nature.

Diagnostic adjuncts include MRI, which demonstrates spinal cord inflammation, 
and lumbar puncture, which again demonstrates inflammation with pleocytosis and 
IgG.  Treatment consists of high-dose corticosteroids (e.g., methylprednisolone 
1000 mg IV daily for 3–5 days). Plasma exchange can be used for refractory cases. 
DVT prophylaxis should be administered for patients who are immobile. In the 
occasional case caused by Lyme disease, anti-borrelial antibiotics would be pre-
scribed. Prognosis depends on the underlying etiology, timely diagnosis, and appro-
priate treatment; overall, the prognosis is fair. Spinal shock, back pain, and rapid 
symptoms progression can result in dismal prognosis. Approximately 50–70% of 
patients have partial or full recovery [38].

 Tick Paralysis

Tick paralysis is an uncommon disorder that is caused by the neurotoxins present in 
the saliva of gravid female ticks. There are 40 species known to produce these tox-
ins; of them, Dermacentor andersoni (the Rocky Mountain wood tick) and D. vari-
abilis (the American dog tick) are the most common causative agents in North 
America. The symptoms begin with paresthesias and gradually progress to unsteady 
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gait and ultimately asymmetric ascending flaccid paralysis. The toxins are transmit-
ted when ticks feed on human blood, and symptoms progress as long as the ticks 
feed. Treatment consists of tick removal, which requires meticulous search for the 
tick on physical examination. Tick removal results in rapid improvement and is 
associated with an excellent prognosis [39].

 Amyotrophic Lateral Sclerosis (ALS)

ALS also known as Lou Gehrig’s disease is the most common form of degenerative 
motor neuron disease. It has an incidence of 2–3 cases per 100,000 individuals in 
the general population and is idiopathic in most instances. It affects both upper and 
lower motor neurons. There is progressive decrease in bulbar and limb function with 
symptoms onset more commonly seen in the limbs and later progressing to the bul-
bar segment. Sensory symptoms including pain may be seen in only 20% of the 
patients. Cognitive dysfunction is frequently seen in ALS patients; frontotemporal 
dementia develops with disease progression. Muscle weakness, spasticity, and fas-
ciculations are noted on the physical examination, as well as muscle atrophy.

Differential diagnosis for ALS includes MG and neurodegenerative disorders 
such as Parkinson’s disease, Huntington disease, and progressive muscular atrophy. 
There is no definitive diagnostic test for ALS; negative labs and imaging studies help 
in ruling out the differentials. Elaborate history and physical examination are key to 
the diagnosis. Electrodiagnostic tests such as electromyography can help in identifi-
cation of the loss in lower motor neurons. There is no effective treatment for ALS; 
riluzole is the only FDA-approved disease-modifying drug that can provide symp-
tomatic relief in ALS patients [40]. Respiratory failure is seen in approximately 60% 
of patients within 3 years of symptom onset and is the most common cause of death 
in ALS patients. Mechanical ventilation is necessary in patients that develop respira-
tory failure. Physical therapy and rehabilitation along with gastrostomy improve the 
quality of life of patients. Although the overall prognosis is poor, site of initial symp-
tom onset; for example, the limbs tend to have a better prognosis [41].

 Pearls and Pitfalls

• Asking the patient what they can no longer do or do without difficulty is a good 
start to localizing the problem.

• Generally, proximal muscle weakness suggests a myopathic process, while distal 
muscle weakness indicates a (poly)neuropathy.

• Many drugs can cause myopathy; anti-dyslipidemia drugs are a common culprit.
• Pupillary function is typically spared in myasthenia gravis, but compromised in 

botulism.
• In contrast to GBS, the best respiratory support strategy in MG is bi-level posi-

tive airway pressure (BiPAP).
• The weakness of botulism is symmetric and descending, whereas it is symmetric 

and ascending in GBS.
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13Infections of the Central Nervous  
System

Ogonna Felton and Charles R. Wira III

 Case Presentation

An 80-year-old man presents to the ED via ambulance from a local nursing home 
with confused speech (episodic/waxing and waning), fever, and chills for 1 day. Per 
nursing home report, he had been feeling unwell for the last 2  days. Paperwork 
reveals he has had a nonproductive cough and sore throat, and several other resi-
dents at the facility had been ill with similar symptoms. He reports a frontal head-
ache which is more painful than his associated myalgias and was given Tylenol. 
There is no report of a fall or trauma. His baseline mental status is alert and oriented 
with the ability to converse and perform many activities of daily living. He is unable 
to manage his finances and medications. His baseline heart rate is 70–90s; his blood 
pressure range is in the 120–130s/60–90s. He has lived at the nursing home for the 
past year since diagnosed with mild cognitive impairment. He previously lived 
alone and his wife died 2 years ago. There is no family in the region. On arrival to 
the ED, his initial vital signs are T 103 F, BP 94/49, R 24, HR 108, and O2 sats 94% 
on room air with a GCS 13.

PMHx: COPD with no baseline supplemental O2 requirement, hypertension, 
and hyperlipidemia

PSHx: bilateral knee replacement years ago
Allergies: NKDA
Current medications: lisinopril 10  mg QD, atorvastatin 40  mg QD, Spiriva 

18 mcg 2 puffs QD, and aspirin 81 mg QD
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 Physical Exam

Constitutional: Caucasian elderly man; medium build, who appears his age; and is 
in no acute distress but is mildly restless

HEENT: erythema to the right TM, left TM normal, PERRL, no evidence of 
papilledema, non-tender sinuses, no conjunctival injection, and no scleral icterus

Neck: no JVD
Cardiac: tachycardic to 108, normal S1 and S2, and no appreciable murmurs or 

rubs
Lungs: bibasilar rales
Abdomen: soft and non-tender
Extremities: warm and well perfused
Neurological exam: awake and alert to self and place only, CN II-XII grossly 

intact, equal 5/5 strength to upper and lower extremities, no sensory deficits, no 
dysarthria, no abnormal coordination, unable to perform three-step command, can 
occasionally name some simple objects, and negative Brudzinski and Kernig

Skin: feels warm to touch, no rash, and no pallor

 Differential Diagnosis

When presented with altered mental status in the ED, a common mnemonic used is 
AEIOUTIPS, which stands for:

Alcohol/acidosis/alkalosis
Epilepsy/endocrine/encephalopathy/electrolytes
Insulin
Overdose/opiates/oxygen
Uremia
Trauma
Infection/ischemia/impaired ventilation
Psychosis/poisoning
Stroke/syncope/space-occupying lesion
It provides a fast and simple approach to consider a wide range of conditions. 

Some of the neurologic infections to be discussed and the associated pathogens are 
listed below:

Bacterial meningitis
• Streptococcus pneumoniae
• Neisseria meningitidis
• Haemophilus influenzae
• Listeria monocytogenes
• Staphylococcus aureus

Viral and aseptic meningitis
• Viral meningitis

 – Echovirus
 – Coxsackie virus
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 – Arboviruses, including West Nile virus
 – Influenzae/parainfluenzae
 – Mollaret’s meningitis (HSV reactivation with giant monocytes)
 – Tuberculosis meningitis
 – HIV
 – Polio virus
 – Mumps virus

• Other etiologies
 – Drug-induced (TMP/SMX, IVIG, NSAIDs, AED) meningitis
 – Fungal meningitis

Cryptococcus
Coccidioidomycosis

 – Tick borne diseases
Borrelia burgdorferi (causative agent of Lyme meningitis)
Rocky Mountain spotted fever
Ehrlichiosis

Viral encephalitis
• Herpes simplex virus (HSV) and West Nile virus

CNS amoeba infections
Rabies encephalitis
Prion disease
Neurosyphilis
Malaria

Some infections can cause CNS injury from secondary postinfectious immune- 
mediated mechanisms, including:

Transverse myelitis
• From an acute or postinfectious process

Guillain-Barre syndrome variants
• Bickerstaff brainstem encephalitis from initial bacterial (i.e., campylobacter) 

or viral infections (i.e., Epstein-Barr virus)

An important consideration in establishing the initial differential diagnosis is to 
localize the level of the neurological lesion (see “Physical Exam” section differen-
tiating upper and lower motor neuron signs), specifically at the level of the:

 1. Brain: cerebral hemispheres, cerebellum, and brainstem
 2. Spinal cord
 3. Peripheral nervous system

With a wide range of differentials to consider, the history and physical exam are 
integral in deciding which diagnostic and therapeutic path to follow. The nature of 
the ED and cryptic presentation of some of these conditions may limit the ability for 
an exhaustive initial workup. The emergency physician has to be astute in recogniz-
ing signs of acute life-threatening conditions. They can begin the diagnostic workup 
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process by obtaining appropriate initial labs, neuroimaging if indicated, performing 
an LP if indicated, and providing early initial appropriate antibiotic coverage which 
can then be continued in the inpatient setting.

The case presentation illustrates a common encounter in the ED. The patient has 
a fever, a change from baseline mental status, and a borderline low blood pressure. 
This triad of signs in the history should alert the clinician toward an infectious 
etiology.

 History

Key points to note in the history-taking process:
First time onset of symptoms: typically CNS infections are not recurrent, with 

the exception of some rare examples (i.e., Mollaret’s HSV reactivation 
meningitis).

Slow or rapid onset of symptoms: typically CNS infections have a brief time 
period of prodromal symptoms (i.e., generalized malaise) or are preceded by another 
illness (i.e., viral syndrome) with a relatively slow onset of CNS symptoms in com-
parison to some other CNS conditions (i.e., rapid-onset thunderclap headache from 
a SAH, sudden change in neurological status from a stroke or seizure).

Neurological review of systems: has the patient had any sustained or transient 
focal deficits at any point in time, which may point toward an alternative 
diagnosis.

Signs of potential mass effect from elevated ICP: increased sleepiness, nausea 
and/or vomiting, blurry vision from papilledema, and focal findings on neurological 
review of systems (i.e., signs of cranial nerve palsies).

Signs of spinal cord involvement: extremity weakness or sensory changes and 
bowel or bladder dysfunction.

Exposure history: ask about sick contacts and close personal contacts (i.e., 
shared living space, sexual partners, and shared food), exposure to viral hosts 
(rodents, ticks, mosquitoes, bats, and wild animals), history of exposure to tubercu-
losis, and prior history of HSV.

Immunocompromised status: HIV, organ transplant, diabetes, prolonged corti-
costeroid use, active malignancy, splenectomy, bone marrow suppression, and 
alcoholism.

Recent instrumentation: neurosurgical or ENT procedure.
Recent infection: oropharyngeal infection, nasal cavity, sinus infection (i.e., 

mastoiditis), ear infection, and gastrointestinal illness.
Medication history: i.e., NSAIDs (Motrin, Advil, Aleve), intravenous immuno-

globulin (IVIG), trimethoprim/sulfamethoxazole (TMP-SMX), antiepileptic medi-
cations, and chemotherapy agents.

Travel history: to endemic areas (i.e., Florida, Africa, South America, Asia, the 
Caribbean) or areas with known vectors for infectious diseases (arthropod, tick-
borne, mosquito-borne diseases); recent incarceration or employment in a prison or 
military facility.
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Vaccination status: Haemophilus influenzae, Streptococcus pneumoniae, and 
Neisseria meningitidis.

Classically, patients with meningitis will present with the triad of fever greater 
than 38 °C (100.4 °F), neck stiffness, and altered mental status, but this is not com-
mon in clinical practice. The sensitivity for any two or more of these symptoms in 
patients with meningitis is as high as 95% [2]. An absence of all three can effectively 
rule out meningitis [2]. In one study, fever alone was found to be 85% sensitive, neck 
stiffness alone was found to be 70% sensitive, and altered mental status alone was 
67% sensitive [2]. All of these symptoms may or may not be present at the same time, 
but several studies have noted at least three of these symptoms to be present in a large 
proportion of patients. For example, one study reported 67% of patients had fever, 
nuchal rigidity, and altered mental status [10], whereas in another study, 44% of 
patients had the classic triad of altered mental status, fever, and neck stiffness, while 
87% of patients in the same cohort had only headache, 83% had only neck stiffness, 
and 77% had only fever greater than or equal to 38 °C (100.4 °F) [23]. If headache is 
included with any two of the following features (fever, neck stiffness, headache, and 
altered mental status), then sensitivity for meningitis approaches 95% [2, 23].

 Physical Examination

Vital signs: Vital sign derangements may occur with ongoing bacteremia, global 
tissue hypoxia, oxygen delivery/consumption mismatches, and dysregulation of the 
inflammatory cascade. Fever greater than 38 °C (100.4 °F) is seen in >95% of cases 
of meningitis. However, both normal blood pressure and hypotension can be seen, 
with the latter being more suggestive of ongoing bacteremia. The respiratory rate 
can be normal or elevated depending on associated lactic acidosis or secondary 
pulmonary involvement (i.e., acute lung injury, aspiration). Hypoxia also may occur. 
The heart rate can be normal or elevated depending on other clinical factors like 
dehydration, presence of atrial-ventricular (AV) nodal blocking agents, age, and 
presence or absence of a robust sympathetic nervous system. An elevation of the 
shock index (HR/SBP, abnormal >0.8) may indicate a more severe host systemic 
response to the underlying infectious process. Severe vital sign derangements may 
be indicative of a shock or pre-shock state.

Skin: Most patients with meningitis typically do not present with a rash. In one 
study, 11% of people were reported to have a rash [10]. Look for any rashes espe-
cially in dependent areas of the body. Petechial rashes were seen with a prevalence 
of 63% [10] and 80% [18] in meningitis caused by Neisseria meningitidis and 73% 
of patients diagnosed with meningococcemia. Vesicles could point toward herpes 
simplex virus infection. Other infections have specific patterns of rashes (i.e., Rocky 
Mountain spotted fever).

HEENT: Look for abnormal tympanic membrane (otitis media, 25% [3]), mas-
toiditis, abnormal eyes/retina (photophobia/papilledema), and sinus tenderness 
(sinusitis [3]). Look at the oropharynx for potential signs suggestive of viral etiol-
ogy (petechial lesions/pharyngeal erythema).
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Neck: Look for nuchal rigidity (resistance to forward flexion of the neck while in 
a supine position) and lymphadenopathy.

Neuro exam: Differing levels of altered mental status range from confusion to 
coma depending upon alterations in a patient’s cognitive function and level of 
alertness. Kernig sign (resistance to knee extension when the ipsilateral hip is 
flexed 90 °) and Brudzinski sign (resultant hip flexion with passive neck flexion 
while the patient is in the supine position) are not very sensitive for meningitis 
though they are very specific >95% [2]. One prospective cohort study of 297 adult 
patients reported 5% sensitivity and 95% specificity of both Brudzinski and Kernig 
signs for bacterial meningitis [20]. It is thought that the greater the severity of the 
meningeal irritation, the more likely these signs are to be positive as with pyogenic 
infections such as Mycobacterium tuberculosis meningitis or Streptococcus pneu-
moniae meningitis. The jolt accentuation test was found to be 97% sensitive and 
60% specific for CSF pleocytosis in a prospective cohort of 54 patients [22]. The 
jolt test is done by having the patient rotate his or her head horizontally from side 
to side at least twice in 1 s. It is considered positive if this head motion exacerbates 
the headache.

A comprehensive neurological exam may include the following variables:

• General appearance:
 – “What do you see?”
 – Level of consciousness, posture, motor activity, and interaction with environment

• Cognitive function assessment
• Speech alterations:

 – Receptive vs. expressive abnormalities
• Cranial nerve 2–12 evaluation, corresponding brainstem levels (rule of 4 s):

 – Midbrain: CNs 1–4
 – Pons: CNs 5–8
 – Medulla: CNs 9–12

• Further specialized ocular assessment:
 – Focal visual field deficits
 – Diplopia
 – Nystagmus (peripheral vs. central patterns)
 – Test for skew
 – Saccade testing

• Assessment of strength/power
• Assessment of sensory function
• Assessment for cerebellar signs:

 – Finger-to-nose, heel-to-shin, and rapid alternating movements
• Deep tendon reflexes, plantar reflex, and clonus
• Romberg test
• Gait evaluation
• The presence or absence of upper motor neuron signs (CNS vs. PNS):

 – Upper motor neuron signs: hyperreflexia, increased muscle tone/spasticity, 
and present Babinski sign
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 – Lower motor neuron signs: hyporeflexia, decreased muscle tone/flaccidity, 
fasciculations, and absent Babinski sign

• Evaluation of the comatose patient:
 – Glasgow coma scale evaluation
 – Level of alertness/interaction
 – Posturing/tone/localization to noxious stimuli
 – Further cranial nerve testing:

Oculocephalic and/or oculo-vestibular reflex
Corneal reflex
Gag reflex
Facial grimacing with pain

 – Asymmetric or lateralized findings (withdrawal, reflexes)

 ED Workup

 Vital Sign Risk Stratification

In the past the systemic inflammatory response syndrome (SIRS) criteria were uti-
lized in research settings to initially identify and risk stratify infected patients for 
potential sepsis or formerly called severe sepsis. Current literature, guidelines, and 
clinician practices utilize more severe derangements of such criteria (i.e., RR >22, 
HR >110–130) and look at additional available criteria (i.e., transient hypotension, 
hypoxia, altered mental status from baseline, shock index elevation) [13, 17, 19, 24].

 Clinical Investigations

Initial routine labs obtained in the ED include:

• A complete blood count (CBC)
• Basic metabolic panel (BMP)
• Blood cultures
• Coagulation studies
• Arterial blood gas if patient is altered to exclude hypercarbia
• Labs risk-stratifying patients with potential sepsis:

 – Lactate
 – Hepatic panel
 – Coagulation profile
 – Platelet level

• Labs evaluating for other items in differential diagnosis:
 – Urinalysis
 – Ammonia level
 – Toxicology labs/medication levels
 – Troponin level
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Labs could show nonspecific leukocytosis, leukopenia, thrombocytopenia, and 
normal or elevated PTT or diminished fibrinogen that may be point toward dissemi-
nated intravascular coagulopathy (DIC). This derangement in coagulation portends 
a poorer prognosis in meningitis.

 Neuroimaging

Neuroimaging is universally recommended if there are focal neurological deficits on 
exam, transient neurological signs identified in the neuro ROS, and signs/symptoms 
suggestive of elevated ICP (i.e., drowsiness, nausea/vomiting). Widespread imaging 
for meningitis is not universally agreed upon. The pursuit for CNS imaging should 
not delay antibiotics. In one study where patients had focal neurological signs, 62% 
had a normal head computed tomography (CT), though in that same study, 3% of 
patients with no focal neurological signs had a brain CT with abnormal findings [20].

 Lumbar Puncture

Positioning is an important element of success in obtaining CSF sample. The upright 
sitting and lateral recumbent positions are two options. The latter allows for a more 
accurate measure of opening pressure (normal range 10–20 cmH2O). Forced flexion 
may falsely elevate opening pressure measurements, and opening pressure may also 
be altered by body mass index (Table 13.1, Figs. 13.1 and 13.2).

Table 13.1 CSF findings in meningitis (protein counts increase 1 mg/dL for each 1000 RBC in 
the CSF)

WBC (cells/μL)
Glucose 
(mg/dL)

Protein 
(mg/dL) Culture

Gram 
stain

Opening 
pressure 
(cmH2O)

Normal 0–5 50–75 15–40 No 
organisms

None <20

Bacterial 100–5000 
(neutrophil 
predominance)

<40 (↓) >100 (↑) Organism- 
dependent

GPR, 
GNR, 
GPC, 
GND

↑

Virala 10–300 (lymphocyte 
predominance)

Normal Normal/↑ No growth None Normal/↑

Fungal 10–200 ↓ Normal/↑ No growthb None Normal/↑
Tuberculosis 10–500 ↓ ↑ No growthc None Normal/↑

GPC gram-positive cocci in pairs (Streptococcus pneumoniae), singles, or chains (Staphylococcus 
aureus or Staphylococcus epidermidis); GND gram-negative diplococci (Neisseria meningitidis); 
GNR gram-negative coccobacilli (Haemophilus influenzae), gram-negative rods (Escherichia 
coli); GPR gram-positive rods (Listeria monocytogenes)
aHSV can typically cause hemorrhage that is seen on brain MRI or CT.
bNeeds special stain like India ink and latex agglutination assays for fungal antigen
cNeeds special growth media for mycobacteria

O. Felton and C.R. Wira III



259

 Neurocritical Care Management

 1. Sepsis/septic shock: It is important to recognize sepsis early on as failure to do so 
results in significant morbidity and mortality. Risk-stratifying labs may be sent 
(i.e., lactate) if the patient is perceived to have a significant physiologic response 
(i.e., altered mental status, tachypnea, hypotension, tachycardia, elevated shock 
index). Key initial interventions for patients with more severe infections include 
fluid resuscitation and early broad-spectrum antimicrobial coverage with appro-
priate antibiotics, +/− antivirals as indicated. If patients progress to shock states, 
then protocolized resuscitative care may be instituted in accordance with exist-
ing critical care guidelines.

 2. Elevated ICP: Elevated ICP may result from abnormal increases in parenchymal, 
CSF, or blood volume, as well as lesions producing mass effect. Specifically for 
CNS infections, causes of elevated ICP may include parenchymal cerebral 
edema (i.e., encephalitis), decreased CSF absorption (i.e., meningitis), or mass 
effect (i.e., cerebral abscess). Clinical surveillance or neuroimaging suggestive 
of elevated ICP requires prompt management to prevent herniation syndromes. 
Resuscitative techniques may include osmotic diuretics, hyperosmolar therapy, 

Fig. 13.1 Axial computed 
tomography of the brain 
showing mild compression 
of the lateral right ventricle 
in a patient with herpes 
encephalitis (arrow)
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head elevation, mild hyperventilation, and fever prevention. Direct monitoring of 
ICP may occur via an external ventricular drain (EVD). In extreme cases of 
intractable ICP elevations refractory to maximal medical treatment and continu-
ous CSF drainage, a decompressive craniectomy may become necessary.

 Special Circumstances and Specific CNS Infections

 Bacterial Meningitis

Meningitis is an inflammation of the meninges and subarachnoid space of the brain 
and spinal cord. Symptoms of bacterial meningitis reflect irritation of this space. It 
is a rapidly progressive infection that is considered a life-threatening medical emer-
gency. The incidence of meningitis has decreased since the early 1980s. The inci-
dence of meningitis is reportedly 3/100,000 per year [21].

Some of the different organisms that cause meningitis are described below:

• Streptococcus pneumoniae
 – This is the most common organism associated with community-acquired 

meningitis (CAM)—24% of cases [10].
 – Gram-positive diplococcus.

Fig. 13.2 Axial diffusion- 
weighted MRI showing a 
patient with herpes simplex 
virus encephalitis. Red 
arrow shows an area of 
enhancement along the 
right medial temporal lobe
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• Neisseria meningitidis (meningococcus)
 – This is the second most common organism associated with community- 

acquired meningitis (CAM) [10].
 – Commonly associated with a petechial that can coalesce to a purpuric rash.
 – Gram-negative diplococcus.

• Haemophilus influenzae
 – Gram-negative coccobacillus
 – Culprit organism in 4% of cases [10]

• Listeria monocytogenes
 – Gram-positive bacillus
 – Culprit organism in 4% of cases [10]
 – Prone to infect extremes of age

• Staphylococcus aureus
 – Culprit organism in ~4% of cases [10]
 – Usually seen post-instrumentation
 – Methicillin-resistant strains becoming more common

 Treatment

Time to treatment, if bacterial meningitis is suspected, should not be delayed for 
any reason—including neuroimaging, blood work, or LP, as delays can adversely 
influence mortality and clinical outcomes. Antibiotics should be initiated within 
30  min of presumed bacterial meningitis. Studies have shown delays of more 
than 2  h to antibiotic administration portend worsening prognosis. One study 
found 21% absolute risk reduction when antibiotics were administered shortly 
after 1 h while in the ED versus hours after admission as an inpatient [14]. It is 
of value to know that it can take several hours to obtain CSF sterility after anti-
biotics have been initiated. One study found that 73% of CSF cultures obtained 
4 h after initiation of antibiotics were found to have positive CSF cultures while 
11% of CSF samples obtained several hours after antibiotics were started had 
negative cultures [15].

Corticosteroids have been suggested as an adjunct to treatment of meningitis, but 
there is still debate. Steroids have been thought to temper the inflammatory response 
secondary to bacteria lysis in the CNS.  A Cochrane review [5] found benefit in 
reduction of hearing loss and neurological sequelae in cases of S. pneumoniae but 
not H. influenzae or N. meningitidis. There was no reduction in mortality rates. 
However, another prospective study [8] found improvement in unfavorable neuro-
logical outcomes and mortality rates in patients that received dexamethasone. 
Regardless, if the choice is made to administer steroids, then they should be given 
in conjunction with early antibiotic administration.

The excellent CSF penetration of third-generation cephalosporins makes them 
the optimal initial choice for treatment of bacterial meningitis [7,11].

 Treatment Summary (Table 13.2)
In adults, treatment is based on the most common organism:
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• For S. pneumoniae, N. meningitidis, and H. influenzae, a third-generation cepha-
losporin is recommended.

• If suspected resistance to S. pneumoniae, then vancomycin should be added. 
Vancomycin can also be added to cover for methicillin-resistant Staphylococcus 
aureus (MRSA) if suspected.

• Ampicillin can be added to cover for L. monocytogenes in the elderly, immuno-
compromised populations, alcoholics, suspicion for CSF leak, and in children.

• If there is a contraindication to cephalosporins, a quinolone may be substituted 
for this class.

• If encephalitis is suspected, then an acyclovir should be started empirically.
• Steroids should be considered before or in conjunction with antibiotic 

administration.

 Disposition

Most of these patients will typically be admitted to a higher level of care (ICU or 
step-down unit) due to risk of escalation along the sepsis cascade, seizures, and the 
development of elevated ICP. To protect staff patients should be placed on droplet 
precautions.

Table 13.2 Guidelines for empiric antibiotic coverage for suspected meningitis (Adapted from 
Tunkel and Fitch)

Age Common organisms
Recommended antibiotic 
coverage

<1 month Listeria monocytogenes, Streptococcus 
agalactiae, Escherichia coli

Ceftriaxonea OR 
Cefotaxime PLUS 
ampicillin
Alternatively: Ampicillinb 
PLUS aminoglycoside 
(gentamycin)

1–23 months Streptococcus agalactiae, Haemophilus 
influenzae, Streptococcus pneumoniae, 
Escherichia coli, Neisseria meningitidis

Vancomycinc PLUS 
Ceftriaxone OR Cefotaxime

2–50 years Streptococcus pneumoniae, Neisseria 
meningitidis

Cefotaxime OR Ceftriaxone 
PLUS Vancomycin

>50 years Listeria monocytogenes, Streptococcus 
pneumoniae, Neisseria meningitidis

Cefotaxime OR Ceftriaxone 
PLUS Vancomycin PLUS 
Ampicillin

Post-instrumentation 
(neurosurgery or 
ENT)

Staphylococcus aureus and 
Pseudomonas aeruginosa

Ceftazidimed PLUS 
Vancomycin

aCeftriaxone and cefotaxime are third-generation cephalosporins.
bAmpicillin covers Listeria monocytogenes.
cVancomycin covers resistant strains of Streptococcus pneumoniae and methicillin-resistant 
Staphylococcus aureus (MRSA).
dCeftazidime is a third-generation cephalosporin that covers pseudomonas.
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Meningitis is contagious but only to those that have had a prolonged close expo-
sure to the index patient. Close contacts include those living in the same home, 
share utensils, coughing, sneezing, and those with kissing/oral exposure to the index 
patient. Chemoprophylaxis should be initiated within 24 h. The CDC recommends 
any one of these regimens: rifampin orally for 2 days, ceftriaxone as a single intra-
muscular injection, or a single dose of a quinolone (ciprofloxacin) [26].

 Aseptic Meningitis

This is designated when there are clinical and CSF signs of meningitis without any 
organism growth on culture media:

• Common etiologies and organisms implicated in aseptic meningitis include 
viruses, tuberculosis, drugs, fungi, and parasites.

• Aseptic meningitis can be seasonal, i.e., Enterovirus and Coxsackie virus are 
commonly seen in the summer months but may be seen in the late fall.

• Prognosis is generally good. Most recover in a short time period.
• There have been reported cases of drug-induced meningitis from several 

classes of medications most notably immunomodulating drugs such as intrave-
nous immunoglobulin (IVIG) [9], antibacterials such as TMP-SMX [6], and 
NSAIDs [1].

• When CSF patterns suggest viral meningitis, patients are typically started on 
empiric acyclovir and admitted for surveillance and HSV CSF testing to rule out 
clinical escalation indicative of occult encephalitis.

The patient from the case presentation was admitted to the hospital confirmed 
with Listeria meningitis. He had an uncomplicated hospital course and was dis-
charged to his long-term care facility.

 Encephalitis

Encephalitis is an infection of the brain parenchyma resulting in motor, sensory, 
cognitive, and/or behavioral changes. These signs and symptoms can help distin-
guish encephalitis and meningitis as the latter does not typically present with the 
neurological deficits. However, in the early phases of presentation, occult encepha-
litis may be challenging to differentiate clinically.

There are many different causes of encephalitis including bacterial, fungal, pro-
tozoal, and viral including herpes simplex virus (HSV), varicella zoster virus 
(VZV), and several arboviruses that cause Eastern equine encephalitis (EEE), West 
Nile virus (WNV), Western equine encephalitis (WEE) virus, Zika virus, Avian 
influenza virus, and lymphocytic choriomeningitis virus (LCMV) and prion dis-
ease. Obtaining a good travel history is crucial.
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 Clinical Features

May include altered mental status, cranial nerve deficits, hemiparesis, or 
hemiplegia

 Laboratory Testing

LP for CSF analysis is obtained with consideration for polymerase chain reaction 
(PCR) for viruses.

Routine labs obtained as with meningitis is also appropriate including CBC, 
metabolic panel, and blood cultures. In cases of herpes encephalitis, it is not uncom-
mon to note a moderate amount of red blood cells in the CSF sample.

 Imaging

Brain imaging (i.e., MRI) may be useful, but CT is often more accessible and is 
adequate to rule out mass effect.

Basal ganglia or thalamic lesions may be seen in encephalitis secondary to arbo-
viruses, tuberculosis, and Creutzfeldt-Jakob disease. Temporal lobe enhancement 
on MRI is suggestive of HSV encephalitis. HSV may also manifest temporal lobe 
hemorrhagic lesions.

 Treatment

Empiric antibiotics are indicated with acyclovir until able to narrow the spectrum of 
coverage.

 Rabies Encephalitis

Rabies encephalitis is caused by an infection from the rabies virus. Symptoms 
include fever, altered mental status, and hydrophobia with pharyngeal spasms, pro-
gressing to muscular hyperactivity similar to that seen in severe tetanus infections 
followed by paralysis, coma, and death [12]. Symptoms may appear days to months 
after exposure. It is rapidly progressive to encephalitis and subsequent death. The 
CDC estimates that rabies-related deaths were about 1–2 per year in the 1990s down 
from 100 per year the 1800s [27].

Transmission occurs via direct communication of saliva from the bite of an 
animal reservoir, less commonly via aerosolized virus encountered in a closed 
setting, i.e., cave, or through tissue or organ transplantation from a donor that was 
infected with the virus. Common animal reservoirs for rabies in the United States 
are bats, raccoons, skunks, and wild unvaccinated dogs (less common in the 
United States).
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Diagnosis requires a detailed history and a high index of suspicion for rabies; 
otherwise it can be easily overlooked for other viral illnesses. CSF examination may 
reveal anti-rabies antibodies in unimmunized patients.

There is no current treatment for rabies, so efforts are targeted toward prevention 
after index exposure.

If the animal cannot be captured and monitored for signs of behavioral changes 
(10-day period) or if the vaccination status of the animal is unknown, then rabies 
prophylaxis should be considered.

 Prevention

Currently the CDC recommends a four-injection vaccine regimen starting on day 0, 
day 3, day 7, and day 14 after the initial dose and the rabies immune globulin, for 
previously unvaccinated persons, given as an intramuscular injection on two sepa-
rate injection sites [27].

 Malaria

Malaria is a protozoal disease endemic in tropical parts of the world especially Africa, 
the Middle East/Asia, the Caribbean, and Central and South America. It is transmitted 
via the bite of an infected female anopheles mosquito, the primary vector. Malaria 
affects millions worldwide with high mortality especially in nonimmune hosts.

Cerebral malaria is rarely seen but when present has a high mortality. Mortality 
is upward of 20% with treatment and 100% without treatment [16]. It has a bimodal 
distribution in age (children and elderly are mostly affected), immunocompromised. 
P. falciparum is implicated in >95% of cases of cerebral malaria [16]. It is character-
ized by the presence of altered mental status, +/− seizures without focal neurologi-
cal signs with confirmation of P. falciparum infection. Increased cerebral vascular 
permeability may lead to cerebral edema.

 Clinical Features

Nonspecific flu-like symptoms: fatigue, malaise, diaphoresis, chills, fever head-
ache, myalgias, arthralgias, hypoglycemia, and abdominal pain

In severe cases, patients may present with altered mental status, coma, severe 
anemia, renal failure, and shock.

 Laboratory Testing

Blood smear is the gold standard for diagnosis, showing erythrocytes with ring- 
shaped trophozoites.

Rapid immunochromatographic testing is available in endemic areas.
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 Imaging

Computed tomography or magnetic resonance imaging (MRI) may be normal or 
show evidence of cerebral edema (loss of gray-white matter differentiation).

Patients may present at any stage of infection, so the role of the emergency phy-
sician is to rapidly recognize and triage the patient to the appropriate clinical set-
ting; obtain necessary blood tests, fluid resuscitation if needed; and obtain imaging 
if warranted, stabilization, and disposition. Many of the patients may be adminis-
tered with antibiotics, as the initial diagnosis may not be evident until blood smear 
results which can take several hours to days.

 Treatment Regimens Recommended by the World Health 
Organization [25]

For uncomplicated P. falciparum malaria, treatment duration is 3  days with an 
artemisinin- based combination therapy. Any one of the treatment regimens listed 
below:

 1. Artemether PLUS lumefantrine
 2. Artesunate PLUS amodiaquine
 3. Artesunate PLUS mefloquine
 4. Dihydroartemisinin PLUS piperaquine
 5. Artesunate PLUS sulfadoxine-pyrimethamine

 Neurosyphilis

Untreated primary syphilis can progress to neurosyphilis. The CSF infection with 
Treponema pallidum typically can be cleared by the immune system so the typical 
inflammatory reaction seen with other CSF infections may not be evident. 
Neurosyphilis is not common given the widespread use of antibiotics. It may be 
seen in people with deficient immune response as in HIV/AIDS.

Diagnosis is made definitively by dark field microscopy visualizing the spiro-
chete, but this is expensive and very complex. Other indirect options include 
evaluating for antibody reactivity. CSF venereal disease research laboratory 
(VDRL) and rapid plasma reagin (RPR) tests detect antibodies. Further confir-
matory testing includes the fluorescent treponemal antibody absorption (FTA-
ABS), syphilis enzyme immunoassay (EIA), or the Treponema pallidum particle 
agglutination assay (TPPA), which detects antibodies against specific Treponema 
antigens.

Treatment is with penicillin (PCN) G 24 million units intravenously for 10–14 days 
or procaine PCN G intramuscular daily for 10–14 days in addition to probenecid for 
the same duration of time. Probenecid limits renal excretion of penicillin.
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Patients should be cautioned against allergic reactions and the possibility of a 
Jarisch-Herxheimer reaction, which is a self-limiting febrile reaction, characterized 
by myalgias, light-headedness, rigors, diaphoresis, headache, and a worsening rash 
seen typically in the first 24 h after the initial penicillin dose.

 Cerebral Abscess

An abscess of the brain is a collection of purulent exudate due to bacterial and other 
infections (fungal, protozoal) in the brain parenchyma. The majority are caused by 
spread of infected material from a focus of suppuration elsewhere in the body more 
commonly from head and neck infections, i.e., paranasal sinuses, the middle ear, 
dental infection, and mastoiditis. Other areas of the body that can seed infections are 
the left side of the heart (bacterial endocarditis) and the lung (arteriovenous fistulas 
cause right to left shunting), penetrating craniocerebral trauma and neurosurgical 
procedures and bacteremic spread. Immunocompromised hosts are at greater risk 
than the general population.

Progression of disease follows chronological order:

 1. Cerebritis: localized inflammation and edema without tissue necrosis (1–2 weeks).
 2. Period of liquefaction and necrosis (2–3 weeks).
 3. Fibrosis (scarring) occurs after 3 weeks.

 Clinical Features

Altered mental status, headache, fever, seizures, nausea, vomiting, chills, personal-
ity or behavioral changes if the abscess is located in the frontal lobe and localizing 
neurological signs dependent on the area of the affected

 Imaging

MRI is superior to CT scan of the brain in evaluating abscesses. Given the stages of 
progression of abscesses and surrounding edema, CT may not show changes until 
later, but CT can be rapidly obtained in the ED. When CT is obtained, intravenous 
contrast should be used, as it will help to enhance the ring of fibrotic tissue and edema.

Transesophageal echocardiogram should be considered to assess for endocarditis 
vegetations, but this typically may not be feasible in the ED.

 Prophylaxis/Treatment

The culprit organism is dependent upon the inciting nidus of infection. 
Abscesses seeding from dental, nasal, and paranasal sinus infections are typically 
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polymicrobial (Streptococcus, Staphylococcus, and anaerobes); therefore antibiotic 
coverage should cover a broad range of organisms. If post-op from a neurosurgi-
cal or an otolaryngological procedure, methicillin-resistant Staphylococcus aureus 
(MRSA) and gram-negative bacilli coverage should be considered. Stereotactic 
aspiration can be considered to drain the abscess depending on the size, accessibil-
ity, and clinical condition; some studies noted abscesses larger than 2.5 cm should 
be drained [4].

 Spinal Epidural Abscess

This occurs when an abscess forms in the epidural space. Different organisms have 
been implicated in epidural abscesses such as staphylococci species including 
MRSA, E. coli, P. aeruginosa, and anaerobic bacteria. Bacteria can gain access to 
the epidural space by local spread from a skin or soft tissue infection or via systemic 
spread. Risk factors include intravenous drug use (IVDU); immune suppression 
such as with malignancy, human immunodeficiency virus (HIV) infection/acquired 
immunodeficiency syndrome (AIDS), and diabetes; alcoholism; and spinal surgery. 
Spinal abscesses are typically located in the lumbar and thoracic spine but can hap-
pen anywhere in the spinal column. A thorough history and physical exam are keys 
to discerning the potential sources of infection.

 Clinical Features

Clinical presentation can be insidious and nonspecific and may include fever, myal-
gias, malaise, back pain, and/or extremity weakness. Physical exam findings can 
include local back tenderness and neurological deficit +/− such as numbness, pare-
sis, or paralysis, but features of spinal nerve compressions (numbness, bowel and 
bladder dysfunction, leg paresis/paralysis) may be delayed and unpredictable but 
are more obvious the larger the size of the abscess.

 Imaging

MRI is the most sensitive modality. CT scan with myelography can be utilized if 
MRI is unavailable but is less sensitive for diagnosing spinal epidural abscesses.

 Treatment

Antibiotic selection should be broad and cover the most common organisms includ-
ing MRSA, anaerobes, pseudomonas, and gram positives followed by prompt con-
sultation to neurosurgery and hospital admission.
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 Pearls

• Perform complete neurological ROS and exam; recognizing it may dynamically 
change or fluctuate over time rather than remain static.

• Recognize clinical signs of increased intracranial pressure.
• Recognize when to perform neuroimaging before an LP.
• Provide antimicrobial agents as quickly as possible in cases of suspected CNS 

infections.
• Realize that most patients with meningitis/encephalitis may not present with the 

classic symptoms.
• Provide isolation to protect staff.
• Consider chemoprophylaxis for close contacts in cases of meningitis.
• Have a high index of suspicion for CNS and spinal infections when dealing with 

immunocompromised populations.
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14Movement Disorder Emergencies

Latha Ganti and Javier Rosario

 Case Presentation

A 35-year-old female patient was brought into the emergency department by EMS 
one weekend morning after being found down by her parents, with a chief com-
plaint of altered mental status, confusion, and somnolence. Upon arrival the patient 
was drowsy but arousable and able to converse. She admitted to taking a handful of 
her muscle relaxant medicine (cyclobenzaprine) with some alcohol that prior eve-
ning when she had an argument with her boyfriend. Her past medical history 
included depression, for which she took escitalopram 10  mg daily. The muscle 
relaxant was given to her recently for an acute muscle spasm of her lower back. She 
denied any other drugs or medications.

Soon after her initial assessment, the patient became lethargic, opening her eyes 
only to pain, having incomprehensive conversations, and using her extremities only 
to localize to painful stimuli. Her vital signs included a temperature of 101.7 F, a 
heart rate of 127 bpm, a blood pressure of 147/75, a respiratory rate of 26, and a pulse 
oximetry of 95% on 4 L/min of oxygen by nasal cannula. On physical exam she was 
diaphoretic, with skin flushing, horizontal nystagmus, tremors, and rigid muscle tone 
which was more notable in the lower extremities, accompanied by hyperreflexia. She 
was intubated due to her altered sensorium and was rapidly sedated to control her 
tremors and rigidity. Her blood work showed no electrolyte abnormalities, an ele-
vated creatine kinase at 4730 U/L, an alcohol level of 78 mg/dL, and a positive opiate 
screen.
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 Introduction

One does not usually think of movement disorders being an emergency, because 
indeed, these conditions are predominantly managed in the outpatient setting. 
However, certain conditions can present emergently where a missed diagnosis can 
result in unnecessary morbidity and mortality for the patient. Most movement dis-
order emergencies evolve over hours to days [1]. While the fine nuances of move-
ment disorders and their overall management are complex and out of scope for 
emergency medicine physicians, the effects they can produce when uncontrolled 
such as rhabdomyolysis, trauma from falls, and autonomic dysfunction are not 
uncommon presentations to the emergency department.

Movement disorders can loosely be classified as too much (hyperkinetic) or too 
little (hypokinetic or Parkinsonian movement, Fig. 14.1). Hypokinetic disorders are 
characterized by akinesia or bradykinesia—the absence or paucity of movement. 
The earliest signs of parkinsonism include loss of arm swing, followed by decreased 
facial movement. The hyperkinetic disorders can be broken down into five catego-
ries, including dystonia, chorea, tics, myoclonus, and tremor.

 Hypokinetic Emergencies

 Acute Parkinsonism

Parkinsonism is a feature of Parkinson’s disease seen with other movement disor-
ders, most commonly Lewy body dementia, multiple system atrophy, progressive 
supranuclear palsy, corticobasal degeneration, and frontotemporal dementias. 
Unlike Parkinson’s disease, parkinsonism is commonly associated with autonomic 
dysfunction and cerebellar ataxia. Also, unlike Parkinson’s disease, parkinsonism 
generally has a poor response to levodopa.

The primary form of acute parkinsonism results from the loss of dopaminergic 
neurons from the substantia nigra and accumulation of Lewy bodies within the 
remaining neurons [1]. Secondary parkinsonism can result from drugs, toxins, post 
encephalopathy, and vascular causes (Table 14.1).

To make the diagnosis of parkinsonism, either bradykinesia or rest tremor must 
be present, along with at least one of the other six cardinal features (Table 14.2).

The most common cause of acute parkinsonism is exposure to dopamine- 
blocking drugs. Drug-induced parkinsonism is seen in 7% of those with parkinson-
ism [2] and can be caused by both neuroleptic and non-neuroleptic drugs (Table 14.3). 
The underlying mechanism is dopamine depletion. Of particular note to the emer-
gency physician is the presence of two very common antiemetics, prochlorperazine 
and metoclopramide, on this list. In patients with parkinsonism, a better antiemetic 
is ondansetron, which would not cause or exacerbate parkinsonism. Drug-induced 
parkinsonism is more likely to be symmetrical (on both sides of the body) and less 
likely to be associated with tremor, although it can sometimes present asymmetri-
cally and with a tremor [2]. Risk factors for drug-induced parkinsonism include 
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older age, female gender, and comorbid affective disorders. Drug-induced parkin-
sonism most frequently occurs after a new drug has been on board for a month, 
although it can be seen as early as a few days or even after a single dose. When the 
offending drug is stopped, approximately 2/3 of patients will recover within a 
month.

 Neuroleptic Malignant Syndrome

Neuroleptic malignant syndrome (NMS) is a severe disorder caused by an adverse 
reaction to medications with dopamine receptor-antagonist properties or the rapid 
withdrawal of dopaminergic medications. The first reported case of NMS was in 
1956, in response to the antipsychotic drug chlorpromazine (Thorazine) [3]. NMS 

Table 14.1 Causes of 
secondary parkinsonism

Toxic/metabolic
  • Carbon monoxide
  • Cadmium
  • 1-methyl-4-phenyl-1,2,3,6- tetrahydropyridine (MPTP)
  • Ethanol withdrawal (rare)
  • Methanol
  • Disulfiram
  • Bone marrow transplantation
  • Wasp stings (rare)
Structural
  • Stroke
  • Subdural hematoma
  • Central and extrapontine myelinolysis (rare)
  • Tumor
  • Hydrocephalus (obstructive > normal pressure)
Psychiatric
  • Catatonia
  • Conversion
  •  Obsessive-compulsive disorder (obsessive 

slowness)—rare
  • Malingering
Infectious/postinfectious
Autoimmune (lupus)
Drugs (see Table 14.3)

Adapted from Frucht [1]

Table 14.2 Cardinal 
features of parkinsonism

  • Rest tremor
  • Bradykinesia
  • Rigidity
  • Flexed posture
  • Freezing
  • Loss of postural reflexes
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is characterized by mental status changes, rigidity, hyperpyrexia, and dysautonomia, 
typically in that order. The dysautonomia can manifest as nausea, vomiting, labile 
blood pressure, diaphoresis, and occasionally cardiac dysrhythmias (Fig. 14.2). The 
mental state will initially present as anxiety and agitation and then delirium and coma 
as the condition worsens. NMS is sometimes accompanied with sialorrhea, which 
can lead to aspiration pneumonia [4]. NMS typically develops over a 24–72 h period 
post-neuroleptics and can last up to 20 days after oral neuroleptics are discontinued 
and even longer when associated with depot forms of the drugs [5]. NMS diagnos-
tic criteria developed by an expert panel of the American College of Emergency 
Physicians (ACEP) are summarized in Table 14.4 [6]. Systemic risk factors for NMS 
include exhaustion, agitation, and dehydration [7]. Diagnosing NMS requires a high 
index of suspicion, and with a mortality of 10–20%, it is a high-stakes diagnosis [8]. 
Associated laboratory abnormalities include leukocytosis and elevated creatine phos-
phokinase and hepatic transaminases, which are nonspecific. The CT and CSF will 
generally be normal. EEG may show non-generalized slowing in 50% of cases [7].

Table 14.3 Drugs that can 
cause parkinsonism

Neuroleptics
  • Chlorpromazine
  • Flupenthixol
  • Haloperidol
  • Fluphenazine
  • Methotrimeprazine/levomepromazine
  • Olanzapine
  • Oxypertine
  • Pericyazine
  • Perphenazine
  • Pimozide
  • Pipotiazine
  • Prochlorperazine
  • Promazine
  • Quetiapine
  • Risperidone
  • Sulpiride
  • Thioridazine
  • Trifluoperazine
  • Zotepine
Non-neuroleptics
  • Amiodarone
  • Cinnarizine
  • Lithium
  • Valproic acid
  • Methyldopa
  • Metoclopramide
  • Prochlorperazine
  • Tranylcypromin

Adapted from Parkinson’s Disease Society of 
the United Kingdom [2]
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NMS is treated by immediate withdrawal of the offending agent, administration 
of a dopamine agonist, temperature control (antipyretics and external cooling meth-
ods), correction of electrolyte abnormalities, and supportive care, preferably in an 
intensive care unit. Significant metabolic acidosis may be present, for which bicar-
bonate loading should be considered [9]. Benzodiazepines can be helpful to control 
agitation and provide anxiolysis. For NMS associated with psychosis, electrocon-
vulsive treatment (ECT) has been shown to be beneficial [10]. Other pharmacologic 
therapies, considered adjunctive, include bromocriptine, dantrolene, and amanta-
dine. Bromocriptine is given to reverse the hypodopaminergic state and is adminis-
tered orally (or via nasogastric tube), starting with 2.5 mg two or three times daily 
and increasing doses by 2.5  mg every 24  h until a response or until reaching a 

F
•Fever

E
•Encephalopathy

V
•Vitals unstable

E
•Elevated  enzymes [CPK]

R
•Rigidity of muscles

Encephalopathy

Fever

Unstable vitals

Elevated CPK

Muscle
regidity

Fig. 14.2 Neuroleptic malignant syndrome: FEVER (NMS man)

Table 14.4 ACEP diagnostic criteria for NMS [6]

 • Exposure to a dopamine agonist, or dopamine-agonist withdrawal, within the past 72 h
• Hyperthermia
 • Rigidity
 • Mental status alteration
 • Elevated creatine phosphokinase
 •  Sympathetic nervous system lability, defined as the presence of two or more of these 

features: elevated blood pressure, blood pressure fluctuation, diaphoresis, or urinary 
incontinence

 • Tachycardia and tachypnea
 • Negative workup for infectious, toxic, metabolic, and neurologic causes
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maximum dose of 45 mg/day. Dantrolene can be administered intravenously start-
ing with an initial bolus dose of 1–2.5 mg/kg followed by 1 mg/kg every 6 h up to a 
maximum dose of 10 mg/kg/day [9, 11–13]. Oral dantrolene is used in less severe 
cases or to taper down from the intravenous form after a few days with doses that 
range from 50 to 200 mg/day. Due to a risk of hepatotoxicity, dantrolene is typically 
discontinued once symptoms begin to resolve. Bromocriptine, however, is generally 
maintained for at least 10 days for NMS related to oral neuroleptics and 2–3 weeks 
for depot neuroleptics [4]. Amantadine is also sometimes used in the treatment of 
NMS. Amantadine functions through a presynaptic mechanism to counteract neuro-
leptic dopaminergic inhibition, with similar end results as bromocriptine [14].

NMS may present similarly to malignant hyperthermia (MH), but is distin-
guished by the setting (MH occurs after exposure to inhalational anesthetics), and 
response to dopamine agonists (MH does not respond). NMS also shares many 
features with serotonin syndrome (SS) and a few with the anticholinergic toxidrome 
(Table 14.5).

Table 14.5 NMS vs. serotonin syndrome vs. anticholinergic toxidrome vs. malignant 
hyperthermia

NMS SS
Anticholinergic 
OD MH

Trigger D2 blocking 
antipsychotics, 
antiemetics

SSRIs, SNRIs, 
TAs, MAOIs

Antinicotinic 
and 
antimuscarinic 
agents

Volatile 
anesthetics, 
succinylcholine

Onset Gradual > abrupt Abrupt > 
gradual

Abrupt Abrupt

Course Prolonged, days to 
weeks

Rapidly 
resolving

Rapidly 
resolving

Neuromuscular 
findings

“Lead-pipe 
rigidity”

Myoclonus, 
tremor, 
shivering 
increased tone 
in lower 
extremities

Normal or 
relaxed muscle 
tone, occasional 
myoclonic 
jerking

“Rigor mortis” 
rigidity of the 
entire body

Reflexes ↓ ↑ Normal ↓
Pupils Mydriasis Normal Mydriasis 

“blind as bat”
Normal

BP ↑ ↑ ↑ ↑
Mental status Restlessness, 

agitation
Confusion, 
visual, auditory, 
and sensory 
hallucinations, 
“mad as a 
hatter”

Skin Diaphoretic Diaphoretic “Dry as a bone” Diaphoretic
Bowel sounds ↑ Normal ↓ ileus ↓
Adjunct 
pharmacologic 
treatment

Cyproheptadine, 
methysergide

Bromocriptine, 
amantadine, 
dantrolene, ECT

Physostigmine Dantrolene, 
azumolene
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 Parkinsonism Hyperpyrexia Syndrome

Parkinsonism hyperpyrexia syndrome is clinically indistinguishable from NMS and 
is thought to occur due to central dopamine deficiency. It was first discovered in the 
1960s after the practice of “levodopa holidays” resulted in deaths [7]. It is seen 
when patients discontinue their dopamine agonist medications (including levodopa 
and amantadine), in the premenstrual period and also during times of warm weather 
which suggests dehydration may also be a risk factor. Treatment with steroids has 
been shown to be beneficial in Parkinson’s disease patients afflicted with this syn-
drome [15].

 Lethal (Malignant) Catatonia

Lethal or malignant catatonia (MC)  is characterized by initial intense agitation, fol-
lowed by catatonia, stereotypies, psychosis, and autonomic instability. It lasts an 
average of 8 days, and the fever may get as high as 110 °F. This is followed by 
severe parkinsonism, stupor, and eventual death. Mortality can be as high as 60% 
[16]. It can be indistinguishable from NMS clinically; the only difference being it 
occurs in the absence of exposure to dopamine-blocking medications. In this sense, 
NMS can be thought of as a form or variant of MC. Emergency department manage-
ment consists of intravenous lorazepam and withholding antipsychotic drugs, in 
addition to temperature regulation, and supportive care in the intensive care unit. 
The challenge for the emergency physician is to recognize MC and not administer 
antipsychotics, even though the condition often presents in those with preexisting 
psychiatric illness. Withholding of antipsychotic drugs is imperative, as their anti-
dopaminergic properties can result in death from MC. If intravenous benzodiaze-
pine administration does not promptly correct the catatonia, ECT should be 
instituted. While not done in the emergency department, it does need to be started 
as soon as possible and before the MC symptom severity progresses beyond return 
(within a few days).

 Abductor Paresis in Multiple System Atrophy

Multiple system atrophy (MSA), formerly known as Shy-Drager syndrome, is a 
rare, sporadic, degenerative disorder of adult onset between ages 30 and 75 years. It 
is characterized by cell loss in the striatonigral and olivopontocerebellar structures 
of the brain, resulting in parkinsonism features. One of the emergencies associated 
with this movement disorder is dysfunction of the posterior cricoarytenoid muscles, 
the sole abductors of the vocal cords. This compromise initially presents with a his-
tory of loud nighttime snoring, followed by daytime inspiratory stridor. These 
patients are at risk of sudden death due to upper airway obstruction [7]. Signs of 
laryngeal dysfunction such as hoarseness and dysarthria are usually absent. 
Definitive diagnosis is made by fiber-optic laryngoscopy during wakefulness and 
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sleep. Emergency department management consists of airway protection and prompt 
ENT consultation [7, 17].

 Hyperkinetic Emergencies

 Chorea, Ballismus, and Athetosis

Chorea, athetosis, and ballismus are hyperkinetic movements along a continuum. 
Chorea is an abnormal involuntary movement derived from the Greek word “dance.” 
It is characterized by brief, abrupt, irregular, unpredictable, fast, non-stereotyped 
movements that are purposeless. When chorea becomes more extreme and involves 
the abdomen or proximal muscles, it is termed ballismus. Ballismus consists of 
repetitive, but constantly varying, large amplitude involuntary movements of the 
proximal parts of the limbs. This activity is almost ceaseless and movements are 
often complex and combined. By contrast, athetosis is a symptom characterized by 
slow, involuntary, convoluted, writhing movements of the fingers, hands, toes, and 
feet and in some cases, arms, legs, neck, and tongue.

Hemichorea-hemiballismus (HH) is a violent and distressing movement disorder 
characterized by high amplitude, flinging movements of limbs on one side of the 
body in which ballismus and chorea represent a continuum of hyperkinetic move-
ments with different velocity and amplitude [18]. The most common cause of HH 
is vascular, typically associated with an ischemic or hemorrhagic lesion to the con-
tralateral subthalamic area [19]. Ballismus can also be seen with nonketotic hyper-
osmolar coma or as the initial presentation of diabetes. In such cases, correction 
of the electrolyte abnormalities usually results in vast improvement of the ballistic 
movements.

 Serotonin Syndrome

Serotonin syndrome is a potentially life-threatening emergency that classically 
presents as the triad of autonomic dysfunction, neuromuscular excitation, and 
altered mental status. These symptoms result from increased serotonin levels 
affecting the central and peripheral nervous systems precipitated by the use of sero-
tonergic drugs. These drugs result in an over-activation of 5HT-1A and 5HT-2A 
receptors. This syndrome classically is the result of a complex interaction between 
two therapeutic serotonergic drugs that work by different mechanisms but also can 
occur from normal therapeutic use of a single agent or intentional overdoses [20]. 
Multiple drug combinations can result in serotonin syndrome (Table 14.6), many 
of which are used or encountered in daily basis by emergency physicians. Many 
physicians are not aware of the presentation and management of serotonin excess 
[21]. This may particularly be a challenge in less severe presentations of this syn-
drome. Patients may deteriorate slowly and become critically ill after an initial 
benign presentation.
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Because of the long-acting effects of many of these medications, this syndrome 
can occur days or weeks after any of these active agents are ingested or even discon-
tinued. It is important to gather history of medication dose increases, changes, or 
illicit drug exposures while on these medications. It may be difficult to distinguish 
serotonin syndrome from an overdose of cocaine, lithium, MAOIs, neuroleptic 
malignant syndrome, acute opioid withdrawal, or thyroid storm. Physicians are 
encouraged to consider the possibility of serotonin syndrome in patients who use 
serotonergic medications and present with altered mental status, fever, agitation, 
tremors, myoclonus, hyperreflexia, hyperthermia, ataxia, incoordination, diaphore-
sis, shivering, and diarrhea [22]. The Hunter criteria [23] may help in diagnosis of 
this syndrome.

Table 14.6 Some drugs associated with serotonin toxicity

Increased synthesis Increased release
l-Tryptophan Amphetamines

Methamphetamines
“Ecstasy”
Cocaine
Codeine
Dextromethorphan
Levodopa
Reserpine

Decreased serotonin degradation (MAO-I) Decreased serotonin reuptake
Amphetamine metabolites
Selegiline
Isocarboxazid
Pargyline

Amphetamines
Carbamazepine
Citalopram
Cocaine
Cyclic antidepressants
Fluoxetine
Paroxetine
Meperidine
Methadone
Sertraline
Trazodone
Venlafaxine
Cyclobenzaprine

Direct or indirect serotonin receptor agonists
Buspirone
Electroconvulsive therapy
Lithium
LSD
Sumatriptan

Adapted from Rosen’s Emergency Medicine 7th Ed. Chapter 149/Antidepressants; Serotonin 
Syndrome p.1971
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Hunter criteria

In the presence of one or more serotonergic agents in the 
past 5 weeks

Yes, patient has serotonin syndrome 
or toxicity

Spontaneous myoclonus Yes
Inducible myoclonus and agitation or diaphoresis Yes
Ocular clonus and agitation or diaphoresis Yes
Tremor and hyperreflexia Yes
Hypertonic and temp >38 °C and ocular clonus or 
inducible clonus

Yes

From Dunkley EJC, et al.; The Hunter serotonin toxicity criteria: Simple and accurate diagnostic 
decision rules serotonin toxicity. QJM 96:635, 2003

The management of this syndrome can be difficult and challenging. Discontinuation 
of suspected causal agent is important. For treatment initiation and for neurologic 
complications like agitation, seizures, and/or tremors, benzodiazepines are recom-
mended. There is no consensus in global therapy, but cyproheptadine seems to be a 
well-tolerated and accepted option in treatment continuation or when benzodiaze-
pines are contraindicated or fail. Adults receive 4–8 mg orally followed by 4 mg 
doses every 1–4 h as needed until a maximum of 32 mg/day. Children may receive 
0.25 mg/kg/day divided in doses and given every 6 h to a maximum of 16 mg/day.

 Myoclonus Status

Myoclonus can be described as a sudden, brief, involuntary muscle jerk. Some types of 
dementia associated with myoclonus include Parkinson’s disease, Creutzfeldt- Jakob dis-
ease, Alzheimer’s disease, and Huntington’s disease [24]. Myoclonus status, seen in 
many anoxic brain injuries, renal failure, hepatic failure, glycemic disturbances, electro-
lytic disturbances, hyperthyroidism, metabolic alkalosis or acidosis, vitamin deficiencies, 
or encephalopathy [25], is a non-resolving period of involuntary muscle jerks. There are 
two types described: positive myoclonus, the more common form, is caused by abrupt 
muscle contraction; negative myoclonus is caused by sudden cessation of ongoing mus-
cular activity. A combination of both forms may be present in the same disease. There are 
multiple reasons for myoclonus to happen; a good history is of necessity to characterize 
myoclonus and to effectively treat the underlying cause. Multiple drugs may cause myoc-
lonus including levodopa, bismuth subsalicylate, antidepressants, lithium, quinolone 
antibiotics, clozapine, opioids, gabapentin, lamotrigine, phenytoin, phenobarbital, propo-
fol, and calcium channel blockers [26]. It is important to determine the time of onset, the 
type of myoclonus, precipitating or alleviating factors, family history, and associated 
symptoms. Determination of when the myoclonus appears (at rest, on posture, or during 
movements) will help in characterization and management. Electrophysiological tests are 
very helpful in determining the origin of myoclonus onset [26].
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Controlling myoclonus status can be challenging; typically a single pharmacological 
agent can rarely control myoclonus, and a combination of drugs, often in large dosages, 
will be needed. Focal and segmental myoclonus may be treated with botulinum toxin 
injections. Antiepileptic drugs such as valproate, levetiracetam, and clonazepam may be 
helpful with variable results depending on origin of myoclonus (cortical, subcortical, 
spinal, or peripheral) [27].

 Tardive Dyskinesias

Tardive dyskinesias embrace a gamma of iatrogenic hyperkinetic and hypoki-
netic movement disorders caused by blocking dopamine receptors induced by 
prolonged use of antipsychotic and antiemetic medications (Table  14.7). 
Typical signs include rapid, involuntary movements (or tics) of the extremities, 
trunk, or most commonly the face (i.e., blinking, grimacing, tongue move-
ments, or chewing) [28]. Other symptoms and complications may include trem-
ors, akathisia, dystonia, paresthesias, and pain. A variant and possible 
complication of tardive dyskinesia is respiratory dyskinesia, characterized by 
dyspnea, dysphonia, respiratory alkalosis, and recurrent aspiration pneumonia. 
Tardive dyskinesia can be difficult to treat and can sometimes be permanent. 
Risk of development can be decreased by reducing dose of antipsychotic or 
changing to an atypical agent.

The treatment of tardive dyskinesia can be difficult to approach. Acute manage-
ment should include slow taper off and removal of causal agent. The treatment of 
tardive dyskinesia can include multiple medications and may vary depending on 
severity of presentation, causal agent, or response to treatment initiated. Proposed 
alternatives include tetrabenazine, reserpine, amantadine, clonazepam, and val-
proic acid. Other medications that have been considered are donepezil, lithium, 
pyridoxine, melatonin, propranolol, botulinum toxin injections, or deep brain stim-
ulation. The table below outlines different alternatives and dosing regimens to be 
considered [28].

Table 14.7 Medications 
with potential of causing 
tardive dyskinesia

Ziprasidone Risperidone
Haloperidol Aripiprazole
Droperidol Metoclopramide
Clozapine Duloxetine
Quetiapine Citalopram
Lithium Olanzapine
Chlorpromazine
Prochlorperazine

Adapted from: Waln O, Jankovic J. An Update on Tardive 
Dyskinesia: From Phenomenology to Treatment. Louis 
ED, ed. Tremor and Other Hyperkinetic Movements. 
2013;3:tre-03-161-4138-1

L. Ganti and J. Rosario



283

Treatment tardive dyskinesia
Medication Starting dose (mg) Daily dose range (mg)
Dopamine-depleting medications
Tetrabenazine 12.5–25 25–200
Reserpine 0.25 0.75–8
Amantadine 100 100–300
GABA agonist medications
Clonazepam 0.5 1–4
Baclofen 10 20–120
Valproic acid 500 900–1500
Anticholinergic medications
Trihexyphenidyl 1 4–20

Adapted from Waln O, Jankovic J. [30]

 Hyperekplexia Sudden Death

Hyperekplexia (“exaggerated surprise”) is characterized by pronounced startle 
responses to tactile or acoustic stimuli and hypertonia [29]. It is a rare genetic dis-
order, related to abnormal metabolism of glycine, mostly seen in infants but also in 
children and adults. It has been associated with sudden death. Typically, there is 
generalized stiffness, excessive startle beginning at birth, and a short period of gen-
eralized stiffness following the startle reflex. The extreme hypertonia prevents vol-
untary movement and can cause the patient to fall stiffly, like a log, without loss of 
consciousness [30]. Hyperreflexia and unsteady gait may also be noted. The fre-
quency and severity of the startle response can be increased by emotional tension, 
stress, or fatigue. Hyperekplexia is frequently misdiagnosed as a form of epilepsy. 
Fortunately, the treatment is fairly straightforward and consists of the antianxiety 
and antispasmodic drug clonazepam.

 Tic Status

Tics are repetitive, involuntary movements or vocalizations. Tic status is an 
extremely rare condition, characterized by frequent and severe motor tics that 
result in long-lasting physical exhaustion, cardiovascular demand, and pain 
interfering with sleep. It is generally noted in patients who have an existing tic 
disorder such as Gilles de la Tourette syndrome. As is true for many conditions, 
tic status is seen when patients discontinue or decrease the dose of their medica-
tion, are unable to take their medication due to prolonged vomiting, or have 
increased demand due to acute illness making the medication less effective. In tic 
status, hyperkinetic movements tend to dominate the clinical picture resulting in 
severe systematic effects such as cardiorespiratory difficulties, dysautonomia, 
and rhabdomyolysis [31].
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Suggested criteria [31] for tic status include:

• Tics occur in one or more groups of muscles in a stereotyped and repetitive 
manner.

• The episode is sustained for at least several minutes or hours.
• During the episode, the patient is unable to suppress the tics, and they intrude 

into normal activities.
• The episode is in clear consciousness.

Management of tic status is not well established due to its rare occurrence, but a 
report of an extreme case [33] notes that sedation, intubation, and mechanical ven-
tilation over the course of days, along with the addition of medications to control 
tics, are warranted.

 Acute Dystonia

Dystonia consists of involuntary sustained or spasmodic muscle contractions involv-
ing contraction of both the agonist and the antagonist muscles, often resulting in a 
painful, contorted position. In contrast to chorea, the movements are usually slow 
and sustained and occur in a repetitive and patterned manner. Unlike athetosis, they 
are generally not fluid. Dystonia can involve specific muscle groups, such as the 
eyes in oculogyric crisis or the neck in torticollis. A characteristic feature of dysto-
nia is the presence of muscle co-contraction, exacerbation with the intention to 
move and/or nonspecific afferent stimuli, and complete resolution of dystonia by 
sleep, irrespective of the mechanism of dystonia. The most common cause of acute 
dystonia is medication. High-potency dopamine D2 receptor antagonists such as 
fluphenazine and haloperidol are the most likely causative drugs [32], but acute 
dystonic reactions can be seen with numerous drugs. Notably for the ED, metoclo-
pramide is a common culprit for acute dystonic reactions, particularly when the 
dose exceeds 30 mg. Drug-related dystonic reactions can occur after a single dose 
of the drug or after repeated use. The symptoms are often erratic and idiosyncratic, 
and most resolve with reassurance. In the ED, intravenous diphenhydramine is 
sometimes given either as a treatment for when a dystonic reaction occurs or “pro-
phylactically” to prevent one. While such practice is commonplace, there is no evi-
dence to support such “prophylaxis” [33]. Risk factors for dystonic reactions 
secondary to drugs include younger age, male gender, history of prior similar reac-
tions, recent cocaine use, history of mood disorders, and metabolic issues such as 
dehydration and electrolyte abnormalities [27, 34].

 Dystonic Storm and Status Dystonicus

Dystonic storms are episodes of a rare condition called status dystonicus where 
people develop frequent and intense episodes of severe generalized dystonia. A 
single episode of this severe dystonia may be referred to as a “dystonic storm” or 
“dystonic attack.” They usually occur in individuals who already have dystonia 
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affecting a lot of the body. Dystonic storm or status dystonicus manifests with acute 
onset severe generalized dystonia. It presents with continuous unremitting general-
ized dystonic spasms. It is a terrifying entity for patients and also frightening for 
physicians managing such unstable patients. Level of consciousness is preserved, so 
patients are fully aware of their surroundings, but patients may not be able to com-
municate due to laryngeal and facial muscle involvement. This is an emergency, as 
respiratory muscles can become compromised, necessitating vigilance and prompt 
intubation when appropriate. Triggers for status dystonicus include infection, 
trauma, and neuroleptic drugs. Since sustained spasms can be life-threatening, 
intensive care unit admission is necessary, as well as prompt treatment with anticho-
linergics, dopamine depletors, baclofen, and sedatives. Supportive care includes IV 
fluid hydration, antipyretics, analgesics, cooling blankets, and monitoring of elec-
trolytes and creatine kinase. In cases refractory to oral treatment, urgent deep brain 
stimulation [DBS] is now considered the treatment of choice by many experts [35].

Status dystonicus

1. Supportive care 2. Temporizing measures 3. Dystonia-specific

Non-invasive*

Invasive
(consider early retractory cases)

Urgent admission Sedative hypnotic (sleep)
e.g. enteral chloral hydrate
30 to 100mg/kg q 3–6 hourly
to achieve sleep Initial oral polytherapy:

Consider trial:
Baclofen
Benzodiazepine
Gabapentin (wilson)
L-dopa

Trihexyphenidyl
(anticholinergic)
Tetrabenazine
(catecholamine depleter)
Haloperidol (dopamine
receptor blocker)

Non-respiratory depressant
e.g. enteral or IV clonidine
with use of high (bolus or
continuous infusion) doses
as tolerated (see Text for
doses)

Sedative hypnotic (spasms)
IV midazolam 30 to 100
µg/kg/hr (tolerance may
develop quickly)

General anaesthesia
e.g. propofol 0.3 to 3mg/kg/hr
(monitoring for propofol
infusion syndrome)

Paralytic agents
(non-depolarizing e.g.
pancuronium)

HDU or ICU
IV hydration
Antipyretics
Cooling blankets
Analgesia

General comfort and sleep

Intubate PRN

ITB (test before pump)

DBS (GPi)

Pallidotomy

Known patient: consider
specific plan

Identify and treat triggers
(e.g. IV antibiotics)

Monitor (CK, rental,
other parameters)

ITB intrathecal baclofen, DBS deep brain stimulation, GPi globus pallidus pars interna. 
Adapted from Developmental Medicine & Child Neurology Volume 56, Issue 2, pages 105–112, 
4 Dec 2013. doi: 10.1111/dmcn.12339. 
http://onlinelibrary.wiley.com/doi/10.1111/dmcn.12339/full#dmcn12339-fig-0001
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 Oculogyric Crisis

Oculogyric crisis (OGC) is an acute dystonic reaction of the ocular muscles charac-
terized by bilateral dystonic elevation of visual gaze lasting from seconds to hours 
[36]. There is sustained conjugate upward and lateral deviation of the eyes that results 
in diplopia. OGC is a rare but characteristic ocular manifestation of dystonia. It is 
associated with a number of conditions, including drug-induced reactions (most 
common), hereditary and sporadic movement disorders, and focal brain lesions. Like 
other forms of dystonia, disruption of dopaminergic pathways lies at the core of the 
pathophysiology [37]. OGC is treated with dopaminergic and anticholinergic agents.

 Pearls and Pitfalls

• The most common culprit behind acute movement disorder emergencies is a 
neuroleptic drug reaction.

• Most movement disorder emergencies are hypo- rather than hyperkinetic.
• The most common cause of myoclonus is anoxic-ischemic brain injury.
• Movement disorders can be exacerbated by infection and stress.
• Movement disorder emergencies often warrant ICU admission to monitor for 

urosepsis, aspiration pneumonia, adynamic ileus, and rhabdomyolysis.
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15Basic Emergent Computed Tomography

Christopher Horn

 Introduction

The patient presenting with acute neurological complaints can consume substantial 
time and cognitive energy due to the potential complexity of the neurological exam, 
the variability of care and expertise at any given facility, and the plethora of imaging 
possibilities. The goal of this chapter is to streamline decision-making for emer-
gency neuroimaging, allowing for early diagnosis and initial therapy.

When a patient presents with symptoms suggestive of acute neurological injury 
to the emergency department, there are two major goals:

 1. Stabilization of the patient
 2. Determination of the need for emergent time-dependent intervention (such as med-

ical therapy, surgical decompression, hematoma evacuation, thrombectomy, etc.)

Stabilization of the patient refers to the ABCs, which is outside the scope of this 
chapter, other than highlighting that neurologically injured patients can be exqui-
sitely sensitive to hypoxia and hypotension and that mean arterial pressure (MAP) 
goals may be partially determined by the results of neuroimaging [1–5].

https://doi.org/10.1007/978-3-319-64523-0_15
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The determination for intervention is based on the neurological exam and results 
of neuroimaging. The neurological exam in emergent situations can often be scaled 
down to Glasgow Coma Scale (GCS) and National Institute of Health Stroke Scale 
(NIHSS), for example. The repertoire of surgical intervention has recently expanded 
to include thrombectomy in patients suffering from ischemic stroke secondary to 
large vessel occlusions. The addition of these interventions now requires the exclu-
sion of large vessel occlusion [6].

When attempting to achieve these two goals outlined above, there are two dic-
tums to keep in mind:

 1. Clinical exam and presenting symptoms are of the utmost importance.
 2. Time matters.

What dictates the neuroimaging and to significant degree the medical plan is 
the history and presentation of the patient. Based on a predominating pattern of 
symptoms or clinical signs, there are roughly three different themes or 
categories:

 1. Focal brain presentation: These patients have more commonly unilateral symp-
toms and signs such as hemiplegia, hemiparesis, hemisensory loss, aphasia, and 
visual field cut (homonymous hemianopsia or quadrantanopsia).

 2. Generalized brain presentation: These presentations are hallmarked by a signifi-
cant impairment of consciousness.

 3. Malignant headache presentation: These patients present with intense acute- 
onset headache. The headache at times can be paired with focal findings that can 
be subtle, limited to eye movement or visual obscurations, but the overwhelming 
complaint is the headache.

The above themes are broad generalizations and can be fine-tuned with knowing 
more collateral information, which may or may not be readably available. 
Realistically these generalizations will also have overlap when it comes to etiology, 
but they can be used for determining initial diagnostic testing.

Since time is of the utmost importance in caring for this patient population, 
the correct imaging selection plays a vital role expediting correct care. The 
test that holds the most information and is the quickest typically to obtain is 
the head CT without contrast. CT scanners are typically ubiquitous and can 
identify a majority of hemorrhages rapidly as well as early signs of ischemia. 
Downsides include radiation exposure, early ischemia is not always visible 
and also that streak artifact throughout the posterior fossa makes it difficult to 
determine changes in the brainstem and the cerebellum. Because of the ubiq-
uity and speed of CT, it is typically the most common emergent neuro image 
obtained.
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Below is a basic algorithm based on the use of CT scan to help illustrate a basic 
decision process. At its most elemental, this algorithm helps achieve the second 
major goal, which is to identify patients for emergent surgical intervention.

 Cortical Algorithm

 Part One (Fig. 15.1)/Part A (Fig. 15.2)
The first part of the algorithm is the non-contrast head CT. The immediate question 
that should be asked is “Does the CT explain the patient’s presentation?” If the head 
CT and the exam correlate, the next branch point is whether emergent intervention 
is indicated. The following cases illustrate scenarios when exam and initial non- 
contrasted head CT are compatible.

Does the scan explain the exam?

NON
CONTRAST
HEAD CT

General Themes of Acute Patient
Presentation:

1. Focal Brain

3. Malignant headache

2. Generalized Brain

Yes

Part A Part B

No

Fig. 15.1 This figure is a 
graphical representation of 
the initial question of the 
algorithm which is “Does the 
presentation and neurological 
examination fit with the 
neurological imaging 
obtained (in these examples 
CT)?”
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 Case Presentation 1

A 54-year-old Mexican American woman with history of atrial fibrillation, mechan-
ical mitral valve replacement secondary to rheumatic valve disease on rivaroxaban 
and with recent history of endocarditis treated with full course of antibiotics, pres-
ents with acute-onset left-sided weakness and slurred speech.

Her family witnessed the acute neurological change. She arrived to ED by EMS 
45 min after onset. Vitals on arrival were Tmax 37.5 C, BP 165/95, HR 94, RR 18, 
and pulse ox 98% on 2L NC.

Essential exam findings included a SEM murmur and + click over the left lower 
sternal border. Neurological exam showed GCS of 15 and NIHSS 15 with extraocu-
lar muscles intact, left partial facial droop, left hemiplegia, left hemisensory loss, 
and mild dysarthria.

Labs are pertinent for a serum creatinine of 1.7 mg/dL, normal platelet count and 
normal aPTT, PT, INR. STAT head CT obtained and relevant images are shown 
below (Fig. 15.3).

Surgical

Large hematoma
(subdural,

epidural, intra-
parenchymal),
subarachnoid

blood,
hydrocephalus,

etc.

Part A Non Surgical

Hematome, ischemic stroke
or traumatic brain injury not
meeting criteria for surgical

intervention but requires
close neurological monitoring

and/or advanced
hemodynamic support

Admitting to Neuro Intensive
Care UnitPossible Operating

Theater

Possible
thrombectomy

*High ASPECTS +/–
Hyperdense artery

*please see case presentation 2

Fig. 15.2 Part A of the algorithm occurs when the patient’s clinical presentation is explained by 
the initial imaging, in this case non contrasted head CT. The etiologies are subdivided into surgical 
and non surgical possibilities

C. Horn



293

Her clinical appearance fits with a focal brain presentation. Her scan shows acute 
blood (orange arrow) involving the right frontal and parietal lobes, involving precentral 
gyrus (primary motor cortex) and postcentral gyrus (primary sensory cortex). What can 
also be seen is a few millimeters of perihematomal edema forming (blue arrow) as well 
as 3 mm of midline shift identified in the image on the right portion of the figure.

Midline shift signifies how far to the right or the left midline structures have been 
pushed. Midline structures that are used are the pineal gland and, more commonly, the 
septum pellucidum (the tissue that separates the lateral ventricles). This shift is mea-
sured by first drawing a line connecting the anterior and posterior attachments of the falx 
cerebri (thick dura that separates the two hemispheres). This is shown as green line 
A. Second is to draw a perpendicular line from the line A to the septum pellucidum, 
which is represented by red line B. The length of line B in millimeters equals the amount 
of midline shift. Midline shift directly correlates with level of consciousness [7].

These radiographic findings are consistent with her exam. Her age, comorbidities, 
and location of the clot dictate that she will likely undergo further imaging but that this 
is unlikely to change her care in the emergency department. Management includes 
prompt reversal of her coagulopathy and blood pressure control [1]. Neurosurgical 
evaluation is also reasonable to obtain in the ED. Table 15.1 highlights some of the 
imaging and clinical findings that suggest those who may benefit from surgery.

Fig. 15. 3 Relevant axial non-contrasted head CT images for Case 1 are shown. Left image and 
middle image characterize the hematoma. Orange arrows identify the hyper density, which is the 
acute hematoma. Blue arrows identify a hypo dense rim around the hematoma, which is perihema-
tomal edema. Right image identifies how midline shift can be measured. Green line marked “A” 
represents midline. Red line marked “B” represents how far central structures (in this case the 
septum pellucidum) have been pushed from midline, hence midline shift. This measurement is 
typically expressed in millimeters
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A patient with acute spontaneous intracerebral hemorrhage typically require ICU 
(neurological intensive care unit if possible) admission. There are several reasons 
for the critical level of care. Maintaining oxygenation, cerebral perfusion,  hemosta-
sis, and tight blood pressure control are only a few of the measures undertook in the 
ICU to minimize secondary injury [1].

 Case Presentation 2

A 39-year-old Caucasian mother of four with recent left sprained ankle requiring a 
walking cast was noted to have left-sided weakness and slurred speech while walk-
ing with her husband around the block.

She arrived by EMS 30 min from onset.
Initial vitals are temperature 36.8C, BP 154/82, HR 95, RR 16, and pulse ox 

100% on 2L. Her exam shows RRR no murmurs, no carotid bruits, left ankle with 
minimal swelling, GCS 15, NIHSS 16 consistent with left hemiplegia, left hemisen-
sory loss, dysarthria, right gaze preference, and no blink to threat on the right.

Labs were unremarkable.
A STAT head CT was obtained and pertinent images were shown below 

(Fig. 15.4).
Her clinical appearance fits with a focal brain presentation. The two important 

things about this CT include that the tissue looks well preserved highlighted by the 

Table 15.1 Considerations for emergent surgey based on pathology

Pathology Considerations for emergent surgical intervention
1. Acute intraparenchymal hematoma [1]
  A. Supratentorial The usefulness of surgery is not well established [1]. Some limited 

evidence of possible benefit of surgical evacuation of lobar clot within 
1 cm of the surface and GCS 9–12 [11]

  B. Cerebellar >3 cm in diameter and one or more of the following…
1. Deteriorating
2. Brainstem compression
3. Hydrocephalus

2.  Acute subdural 
hematoma [12]

A. Clot thickness >10 mm or Midline shift >5 mm regardless of GCS
B.  GCS <9, Clot thickness <10 mm and midline shift <5 mm plus 

one or more of the following…
1.  Clinical deterioration (decrease of GCS by >1) from injury to time 

of hospitalization
2. Patient with asymmetric or fixed or dilated pupils
3. ICP > 20 mm Hg

3.  Acute epidural 
hematoma [13]

A. Hematoma volume >30 cm3 regardless of GCS
B. GCS <9 with pupillary abnormality

4.  Acute ischemic 
stroke [6]

Endovascular therapy indicated if…
1. mRS 0-1
2. Causitive occlusion of the ICA or proximal MCA
3. NIHSS ≥ 6
4. ASPECTS ≥ 6
5. ≤6 h from onset
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green circles identifying intact gray-white differentiation (G  =  gray matter, 
W = white matter) and the red box outlining the preserved basal ganglia (C = cau-
date, L = lentiform nucleus, IC = posterior limb of the internal capsule, T = thala-
mus) and the hyperdense artery which can represent acute clot within the right 
middle cerebral artery (MCA) (orange arrow, which is clearly seen on the coronal 
sections). Her scan does fit her clinical presentation secondary to the hyperdense 
MCA artery suggesting an MCA ischemic stroke.

Based on time, presentation, and lack of hemorrhage or significant ischemic 
change (hypodensity over one-third of a hemisphere), this patient appears to be a 
candidate for IV thrombolytics. The next question is whether to consider her for 
thrombectomy. To address this, there should be quantification of any ischemic 
change on her head CT using the Alberta Stroke Program Early CT Score 
(ASPECTS), confirming the large vessel occlusion with vascular imaging and quan-
tifying the severity of symptoms.

Ischemic change can be quantified by using ASPECTS which is a 10-point score 
based on identifying early ischemic changes within the MCA circulation on a stan-
dard head CT without contrast. An ASPECTS score of 10 is reflective of no change, 
while a score of 0 suggests ischemic change through the entire MCA distribution. 
Typically patients with an ASPECTS of ≥6 should be considered for thrombectomy 
[6, 8–10].

Fig. 15.4 Relevant non-contrasted CT images for Case 2. The axial images (left and middle) reveal 
normal appearing brain tissue. G gray matter, W white matter, C caudate head, L lentiform nucleus, 
I insula, IC internal capsule, T thalamus. Green circles intact gray white differentiation, red box 
intact distinctions of the basal ganglia. The coronal image on the right displays a hyper dense right 
middle cerebral artery (orange arrow) which is suggestive of acute clot
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To calculate the ASPECTS score, the non-contrast head CT is split it into two 
levels: the ganglionic (CT slices identifying any part of the basal ganglia) and supra-
ganglionic (slices above the basal ganglia). Then based on the levels, the MCA ter-
ritory is divided into ten areas, seven at the ganglionic and three at the supraganglionic 
levels (Fig. 15.5). All CT slices should be reviewed; only two slices are shown for 
examples of the ganglionic and supraganglionic levels [8–10].

Our patients’ ASPECTS is 10. CT angiogram of her head is also shown (Fig. 15.6).

Fig. 15.5 Normal axial images of a non contrasted head CT which identifies the 10 sections of the 
MCA artery for calculating ASPECTS

Fig. 15.6 Coronal CT angiogram of the head 
identifing a clot in the right MCA (orange arrow). 
Confirming the hyperdense sign on the 
nonctrasted head CT (Fig. 15.4)
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The clot is clearly seen on the coronal view of the CT angiogram (orange arrow). 
Given her clinical presentation, she is a prime candidate for thrombectomy and 
should receive emergent neuro interventional consultation.

 Case Presentation 3

A 49-year-old African-American man with no significant past medical history other 
than not seeing a physician in the last 15 years developed acute-onset holocephalic 
headache associated with nausea and vomiting. He arrived via EMS 3 h after initial 
onset of the headache.

Initial vitals in the ED were temp 37.9, BP 184/91, HR 98, RR 20, and pulse 
oximetry 98% on 2L.

Exam shows a GCS of 12 (E2V4M6). He did not have any significant appendicu-
lar weakness or sensory deficit or cranial nerve deficit. A non-contrast head CT was 
obtained (Fig. 15.7).

His clinical presentation is a malignant headache. Although his overall senso-
rium is depressed, the initial complaint was that of an intense headache. His scan fits 
with his clinical examination. He has blood in the basal cisterns (red arrow), as well 

Fig. 15.7 Axial non contrasted head CT identifying acute blood within the basal cisterns 
(red arrow), sylvian fissure (blue arrows), intra hemispheric fissure (green circle), and 3rd 
ventricle (orange circle). The temporal horns of the lateral ventricles are also enlarged 
(orange arrows) suggestive of obstructive hydrocephalus
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as Sylvian fissures (blue arrow) and intrahemispheric (green circle) and intraven-
tricular space (orange circle). He also has dilated temporal horns (orange arrows) 
which in conjunction with his decreased mentation is reflective of obstructive 
hydrocephalus.

This patient needs an emergent external ventricular drain, blood pressure control, 
and admission to ICU (neurological intensive care unit if possible). He needs vascu-
lar imaging, typically a CT angiogram of the head to help identify the location and 
best option for securing the aneurysm. In this case, given the blood pattern on the 
initial head CT, he went directly to catheter based cerebral angiogram, which con-
firmed the suspicion of a ruptured anterior communicating aneurysm (Fig. 15.8).

Cortical Algorithm

 Part B (Fig. 15.9)
The second part of the algorithm focuses on those whose scan does not fit their clini-
cal presentation. The most crucial and devastating etiology to miss is typically vas-
cular in origin. Determination of onset is very important in the focal and generalized 
brain presentations given the fact that most treatments in regard to vascular compro-
mise are time based. The vascular etiology that is concerning for the patient with 
generalized brain presentation is that of basilar artery occlusion, which can have 
variable initial symptoms and devastating outcomes.

To discover vascular etiologies, we need a thorough evaluation of the vascular 
supply of the brain including neck vasculature and origins of those arteries. The two 

Fig. 15.8 Oblique view of 
the catheter based cerebral 
angiogram. The anterior 
communicating aneurysm is 
highlighted by the green 
circle
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modalities to consider are CT angiogram of the head and neck and MR angiogram 
of the head and neck. For simplicity, this algorithm uses CT angiogram because of 
accessibility at all times and speed at which it can be done.

Perfusion imaging may also play a role in decision-making for patients with 
neurological emergencies especially when ischemic injury is in the differential. 
These types of images can be obtained either with MR or CT. Because of accessibil-
ity and speed, we have focused on the use CT perfusion. Theoretically perfusion 
imaging allows us to evaluate the area of penumbra or brain tissue that remains 
salvageable.

Once a causative vascular lesion is ruled out, the initial patient presentation can 
help steer the differential diagnosis. The following cases highlight Part B (Fig. 15.9) 
of the algorithm.

 Case Presentation 4

A 51-year-old Caucasian man who is a one-pack-per-day smoker and obese, with no 
primary care doctor, presents with witnessed acute onset of right-sided weakness 
and inability to speak while eating breakfast with family. He was brought in by 
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Fig. 15.9 Part B of the algorithm occurs when the initial imaging, in this case CT 
scan does not explain the patient’s clinical presentation
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EMS 45 min from onset. Vitals upon arrival to ED were temp 36.9C, BP 175/97, HR 
87, RR 18, and pulse ox 100% on 2L NC. He is alert, with global aphasia; his eyes 
deviated to the left and do not blink to threat in the right temporal field; he has right 
hemiplegia and cannot sense being touched over the right arm and leg; and his 
NIHSS is 25. Labs show a normal platelet count and blood glucose. He is taken for 
emergent head CT (Fig. 15.10).

Following the algorithm the first step is to determine if the initial imaging helps 
explain the patients presentation. His CT scan looks normal (Fig.  15.11). His 
ASPECTS is 10. His presentation fits a focal brain presentation but is not explained 
by his CT scan. His time of last known normal is less than 3 hours. His presentation 
and exam findings are highly suggestive of ischemic injury, and he appears to be a 
candidate for intravenous thrombolysis. The next step is to quickly evaluate the 
vasculature of the head and neck. Unlike Case 2, where a hyperdense MCA was 
suggestive of an acute clot, the etiology of the neurological changes in Case 4 is not 
yet identified.  A STAT CTA of his head and neck are then completed (Fig. 15.11).

CTA of his head and neck show that there is a possible ICA occlusion (green 
circle) and no apparent flow through the carotid in the skull (red box). Given his 
high NIHSS, high ASPECT score, short time from onset, and a large vessel occlu-
sion, this patient is a intravenous thrombolytic candidate as well a thrombectomy 
candidate. He will require emergent neuro interventional consult and will ultimately 
require ICU admission.

Fig. 15. 10 Relevant axial non-contrasted head CT images for Case 4. The images reveal normal 
appearing brain tissue. ASPECTS would be 10. G gray matter, W white matter, C caudate head,  
L lentiform nucleus, I insula, IC internal capsule, T thalamus. Green circles intact gray white dif-
ferentiation, red box intact distinctions of the basal ganglia 
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 Case Presentation 5

A 66-year-old Caucasian woman with history of HTN and previous sinus surgery 
5 years ago presents from home with acute-onset headache which has been persis-
tent for the last 3 days. The headache has been associated with nausea and vomiting 
and was preceded by subjective temperature elevations and fatigue. She has been 
taking over-the-counter pain medications, and her primary care doctor had started 
her on antibiotics for suspected sinus infection, neither of which has been helping. 
What was concerning to the family was that headache was unrelenting and she had 
started confusing her speech the day of presentation.

Her vitals in the ED were BP163/87, HR 105, RR 12, and Sat 98% RA. Her exam 
showed a woman that looked younger than stated age, normal heart and breath 
sounds, and GCS 13 (E3V4M6). Neurologically she would open her eyes to verbal 
stimulus but would drift back to sleep without stimulation. She would make intermit-
tent paraphasic errors. There were no cranial nerve issues or appendicular weakness 
and no rashes noted. A STAT head CT without contrast was performed (Fig. 15.12).

Looking at the non contrasted head CT, there is a hyperdensity within the left 
sylvian fissure which is highly suggestive of an MCA aneurysm. The other things to 
note about the CT are that it is devoid of subarachnoid blood and no ventriculo-
megaly (not shown). Her presentation fits with a malignant headache presentation. 
Her initial head CT does have an obvious abnormality, which is likely an aneurysm 
but by itself does not fully explain the clinical signs that she is manifesting. Although 
the next step on the algorithm (Fig. 15.9) would be to pursue a lumbar puncture (LP) 
a CTA of the head (Fig. 15.12) was completed in the ED. It does confirm the left 

left Internal Carotid

AR

Fig. 15.11 Oblique view 
of the left internal carotid 
artery via CT angiogram of 
the head and neck. The 
green circle is highlighting 
the loss of contrast 
opacification in the left 
internal carotid artery 
suggestive of occlusion 
and the red box is 
highlighting no contrast 
opacification within of the 
left internal carotid artery 
from the mid neck to the 
intracranial portion
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MCA aneurysm but still has not given a further explanation of the patient's 
presentation. 

The question remains: does her history fit with a ruptured aneurysm 3 days ago? 
The answer: possibly. The most efficient way of determining this is by doing a LP. A 
positive LP in the algorithm (Fig. 15.9) will identify blood and/or blood breakdown 
products in the CSF and help differentiate whether this aneurysm is an incidental 
finding. The rate of RBC change from tube 1 to 4 as well as the quantity of red cells 
in tube 4 has been shown to help differentiate true subarachnoid blood from a 
 traumatic tap. The rate of increase of RBC roughly 60% is concerning, as well as a 
quantity of RBC >10,000 can be suggestive of true subarachnoid blood [14].

Blood breakdown products can be distinguished in two different ways: visual 
inspection for xanthochromia and spectrophotometry. The latter may provide higher 
sensitivity and specificity depending on timing of LP from ictus [15–17]. There 
remains debate about using lumbar puncture in excluding aneurysmal subarachnoid 
hemorrhage when the head CT is negative. The yield for LP within 6 h of onset, in 
the setting of negative head CT, will likely be low [18]. After 6 h the sensitivity of 
head CT decreases making the determination of blood being present more challeng-
ing. Irrespective of this, there remains potentially important information that can be 

Fig. 15.12 Left side image is an axial image of a non contrasted head CT. A hyperdensity is noted 
withn the left sylvian fissure and is likely to be an aneursym (green circle).  Right side image is a 
coronal image of a CT angiogram of the head which clearly identifies a sizeable left middle cere-
bral artery aneursym (green circle)
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gathered from a lumbar puncture in patients with acute apoplectic headaches and 
unclear diagnosis.

Our patient’s LP was negative for subarachnoid hemorrhage but suspicious for a 
meningoencephalitis (Table 15.2). This is likely viral, but given the hypoglycorrha-
chia (low glucose in the CSF) and recent antibiotics, a partially treated bacterial 
meningoencephalitis remains on the differential.

The aneursym in this case is an incidental finding but still important. Because of 
the location and size of the aneurysm it will still require surgical intervention even-
tually, but her emergent management will be very different than if the aneurysm had 
been deemed ruptured. The LP remians an important diagnostic procedure and at 
times is the only way to determine if an aneursym has ruptured. The information 
from the LP is also helpful in triaging patients. In this case if an LP was preformed 
in the ED and the determination of the incidental nature of the aneurysm was made 
earlier then the patient may not have required ICU admission or emergent neurosur-
gical consultation.

 Case Presentation 6

A 21-year-old Caucasian woman was in a motor vehicle accident in which she was 
struck from the rear of her car. She underwent a prolonged extrication. In the field 
she was noted to have a scalp laceration and a GCS of 3, with SBP in the 90s. She 
was intubated in the field and brought to the ED.

Upon arrival vitals were temp 37.8 C, BP 83/49, MAP 60, HR 105, RR 18, FiO2 
40%, and Sat 98%. Her primary evaluation was remarkable for a bleeding scalp 
laceration over the occiput, minimal scrapes along arms and back, neck immobi-
lized with a cervical collar, GCS 3T (E1, VT, M2) pupils equal and reactive, +cor-
neal reflex, weak cough, and extensor posturing. Her labs were unremarkable except 
for an elevated WBC 16. She underwent emergent CT imaging. Non contrast head 
CT is shown in Figure 15.13. CT imaging of her chest, abdomen, pelvis and cervical 
spine were all negative.

In regard to her neurological findings, she would fit a global presentation. Her 
CT of the head (Fig. 15.13) shows either mild compression of some of the basal 
cisterns (orange arrow) or normal variant of a young and healthy brain. What defini-
tively is seen are the few areas of hyperdensity in both the subarachnoid space and 
at the gray-white differentiation (blue arrows). The hyperdensities likely represent 
small areas of acute blood and likely contusion.

Table 15.2 Cerebrospinal fluid 
results. Pertinent for hypoglycorrha-
chia and lymphocytic pleocytosis

Test Tube 1 Tube 4
RBC 105 77
WBC 923 1065
Lymphocytes 90% 93%
Glucose 33 (peripheral 108)
Protein 310
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Although her intial head CT has some abnormalities, her neurological deficets 
are out of proportion to her CT findings. If we follow the algorithm it would place 
us in the area of considering tPA for acute ischemic stroke. Given the mechanism of 
the injury and the hyperdensities on CT thrombolytics are obviously contraindi-
cated but there is a possibilty of vascular injury of her head and neck can be contrib-
uting to her neurological deficets.  In fact there are several issues that may be 
impacting her neurological function, including reduced cerebral perfusion pressure 
(CPP; CPP = Mean Arterial Pressure (MAP) - Intracranial Pressure (ICP)), diffuse 
axonal injury (DAI), and/or ischemia from vascular injury.

The latter type of injury tends to be rare but can be associated with a high level of 
morbidity and mortality if not found and treated accordingly. The best way of screening 
patients for blunt vascular injury is still debated, but studies suggest that 64 channel CTA 
can be used as a screening tool in patients with significant mechanism of injury [19–25]. 
This patient underwent CTA of the head and neck, which showed no abnormality.

While her CT findings were reported to be suggestive of diffuse axonal injury, CT is 
limited in accurately identifying diffuse axonal injury. The CT finding that directly 
 correlates with the diagnosis of diffuse axonal injury made on MRI is the severity of intra-
ventricular hemorrhage (IVH) [26, 27]. Our patient has no IVH on her initial head CT.

The most likely explanation of her discordant clinical findings and imaging 
results, which is always of concern in severe traumatic brain injury, is low CPP. This 

Fig. 15.13 Non contrasted axial CT of the head. Relevant findings are mild compression of the 
basal cisterns (orange arrow) and small areas of hyperdensity in the subarachnoid space and also 
intra parenchymal area suggestive of contusions
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concern makes hypotension and or elevated intracranial pressure a major issue in 
this patient. She needs resuscitation and, in parallel, neurosurgical evaluation for a 
means of determining her ICP [28]. An external ventricular drain was placed reveal-
ing an ICP of 32 mm Hg and hence a low CPP. She underwent agressive resucitation 
and some basic intial manuevers to reduce ICP while in the ED. Her mean arterial 
pressure improved as did her ICP. She required ICU admission. Her  MRI showed 
no evidence of DAI. She had a protracted ICU stay and was discharged to long term 
acute care facility and by 6 months from the accident was starting back at work.

 Case Presentation 7

A 75-year-old African-American man with history of hypertension, hyperlipidemia, 
and atrial fibrillation on Coumadin presented with left-sided weakness and slurred 
speech. His wife found him after he fell out of bed. She states that the last time he 
was known to be normal was about 10 h before presentation.

Vitals are afebrile, heart rate is 105 bpm, BP is 175/90, respiratory rate is 18, and 
oxygen saturation is 95% on RA. His exam shows an NIHSS 18 for paralysis of the 
left face, arm, and leg; dysarthria; left visual field cut; and unable to identify his left 
arm. His labs are remarkable only for an INR 1.7. A STAT non contrasted head CT 
was completed and shown below (Fig. 15.14).

Fig. 15.14 Pertenent axial images of noncontrasted head CT. Orange arrows highlight hypoden-
sities around the lateral vetricles more prominently in the occipital horn areas. Green circles high-
light hypodensities of unclear time in and surrounding the right basal ganglia. Red circle highlights 
hypodensities in the left frontal lobe, also of unclear timing

15 Basic Emergent Computed Tomography



306

His head CT is consistent with multiple changes old and new (Fig. 15.14). What 
we should be most concerned about are the changes in the right basal ganglia (green 
circles). It is hard to isolate time of these hypodensities in the right hemisphere 
especially in light of his microvascular changes (orange arrows) and other hypoden-
sities seen in the left hemisphere (red circle). If we take the changes in his right 
hemisphere as being acute, his ASPECTS would be 8.

Although some abnoramlities are identifed on his head CT his clinical signs are 
not fully explained by the initial imaging. His exam is  more consistent with  a  
larger cortical injury given the visual field changes and neglect. There are several 
possible reasons for the discordance between his intial imaging and his neurological 
findings. Based on part B of the algorithm the two that require immediate determi-
nation are either he has likely suffered an ischemic stroke that is not obvious on this 
CT or his brain tissue is in a state of ischemia but has not yet gone on to complete 
infarction. He is outside the window for tPA and formal criteria for endovascular 
therapy. However, many endovascular centers consider patients with large vessel 
occlusion and potentially reversible ischemia, based on perfusion imaging,   with 
longer time windows as candiates for thrombectomy. Given his high ASPECTS and 
high NIHSS, he underwent a CTA of his head and neck as well as a CT perfusion of 
his brain (Figs. 15.15 and 15.16).

Fig. 15.15 Coronal image 
of a CTA of the head. 
Orange arrow identifies 
loss of flow in the proximal 
portion of the left 
MCA. Given the 
presentation this is likely 
to represent acute clot 
obstructing blood flow
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The CTA (Fig. 15.15) identifies an occlusion of the right MCA (orange arrow). 
The reconstructed CT perfusion image (Fig. 15.16) on the left suggests that there 
may be a significant penumbral area (green area, consistent with tissue that is isch-
emic and causing symptoms but not yet infarcted). In comparison, the core infarct 
(red area, consistent with tissue that is infarcted and unsalvageable) in the right 
hemisphere is much smaller. The perfusion maps (on the right of the figure, clock-
wise starting in the upper left corner) represent cerebral blood volume (CBV in 
mL/100  g), cerebral blood flow (CBF in mL/100  g/min), time to peak (TTP in 
 seconds), and mean transit time (MTT in seconds). These maps show a prolonged 
MTT and TTP, reduced CBF (yellow arrows), and a reduced CBV (red arrow) iden-
tifying the core infarct. The maps also show the penumbral area with prolonged 
TTP, MTT, and reduced CBF (green arrows) but a preserved CBV (blue arrows). 
This finding of a small core infarct but relatively large penumbra suggests that most 
of this patient’s acute symptoms are from a large area of tissue that can be salvaged. 
It may suggest that reperfusion, via thrombectomy, can reestablish cerebral blood 
flow to still viable neuronal tissue.

The research for this particular patient population is still at the fledgling stage but 
does suggest that infarction growth is variable, allowing for some patients to have 
viable tissue even after 6 h, and perfusion imaging, either CT or MRI, may allow for 
identifying these patients [29–31]. At this time CT perfusion imaging is often used 
to help make clinical decisions regarding thrombectomy when a patient has a large 
vessel occlusion and severe symptoms, and timing of ictus is in question.

Fig. 15.16 Relevant images of CT perfusion of the head. Left image is a computer reconstruction 
of the images seen on the left. Green area suggests area of salvageable ti ssue or penumbra and the 
red area suggests the area that has already gone to infarction and represents core infarct. Images on 
the right clockwise starting on the upper left corner: (Cerebral blood volume (CBV), Cerebral 
blood flow (CBF), Time To Peak (TTP) and Mean Transit Time (MTT)). Core infarct is identified 
as increase in TTP, MTT and a decrease in CBF (yellow arrows) as well as a decrease in CBV (red 
arrow). Penumbra is shown with increased TTP, MTT and a decrease in CBF (green arrows) as 
well as a stable CBV (blue arrow)
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 Case Presentation 8

A 64-year-old Caucasian man with obesity, hypertension, dyslipidemia, type 2 dia-
betes, and hepatitis C presented with acute onset of dizziness and vomiting. His 
family noted that he was not moving his right side which then became obtunded. He 
was brought into the ED via EMS 90 min after the confusion developed.

Vitals on arrival to the ED were temp 37.5C, HR 110, BP 135/92, RR 30, and 
pulse ox 85% on NRB. Exam showed an obese man with dark vomitus around his 
mouth, in respiratory distress with coarse breath sounds bilaterally, and a GCS of 7 
(E1V1M5). Initially he would localize briskly on the left and withdraw on the right 
upper extremity, moving only to pain and not following commands or responding to 
questions. NIHSS was 17. Patient underwent emergent tracheal intubation and also 
had nasogastric tube placed for decompression of stomach contents which appeared 
coffee ground in character. Point-of-care labs were significant for a hemoglobin of 
10 and INR of 1.8 but no previous hematology values to compare to. A STAT head 
CT was completed (Fig. 15.17).

His initial presentation is consistent with generalized brain dysfunction. Upon 
review of his head CT, it is apparent that the patient’s exam is discordant with the 
CT. He may have some minimal changes in the left frontal lobe (green circle), but 
upon review of the entire CT, it is only on one slice, making it less likely an explana-
tion for his neurological symptoms.

Fig. 15. 17 Axial images of non contrasted head CT. Green circle highlights small area of hypo 
density in the left frontal lobe. There are several possibilities as to the etiology of the hypo density. 
None of which can explain the patient’s presentation 
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His past medical history, initial dizziness and vomiting, and current poor level of 
consciousness can still suggest brain ischemia involving the basilar artery and could 
possibly be a candidate for thrombectomy. Based on his presentation and unremark-
able head CT part B of the algorithm would suggest considering thrombolytics and 
possibly look for a large vessel occlusion. Patient is not an IV tPA candidate given 
the coffee-ground emesis and elevated INR. CTA of his head and neck was com-
pleted and showed no large vessel occlusion or flow limitation. This does not guar-
antee that patient has not had an ischemic stroke, but he is not a candidate for 
emergent intervention. Upon further workup he was found to have a hyperammone-
mia and elevated BUN, suggestive of hepatic encephalopathy in the setting of 
alikely upper GI bleed.

 Conclusion

The acutely neurological injured patient is highly dependent on rapid and accurate 
diagnosis, and medical imaging plays a significant role in determining this. No 
matter what modality of imaging is initially acquired (MRI or CT), the most 
important fact that needs to be reconciled is if the patient’s radiographic findings 
explain their signs and symptoms. If this is not achieved, then further imaging 
should be pursued to identify possible etiologies that  may require emergent 
intervention.
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Abducens nerve palsy, 139
Absence seizures, 61
Accessory nerve (CN XI), 11
Acoustic nerve (CN VIII), 10
Acute angle-closure glaucoma, 160
Acute back pain, 176–179

differential diagnosis
metastatic involvement, 179
spinal cord, 176
spinal epidural abscess, 178
vascular catastrophe, 177

emergency department, 175, 183
history, 180
neuroimaging, 184–185
physical examination, 181–183
red flag signs, 180

Acute brain dysfunction, 212
Acute dystonis, 284
Acute head injury, see Traumatic brain injury 

(TBI)
Acute neck pain, 185–189

causes
cervical artery dissection, 186
cervical radiculopathy, 186
cervical strain, 185
meningitis, 186

disposition, 189–190
emergency department, 176, 185, 188
history, 187
neuroimaging

cervical arterial dissection, 188
cervical mass lesion, 189
cervical strain and radiculopathy, 188
CT, 188
meningitis, 189
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physical examination, 187

cervical cord compression, 188
cervical radiculopathy, 187
meningitis, 188

significant disease, 185
Acute neurological injury, 289
Acute vestibular syndrome (AVS)

cerebellar stroke, 114
counterintuitive, 114
definition, 111
features, 111
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nystagmus, 112, 113
oculomotor physical findings, 113
physical examination, 112
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skew deviation, 113
vestibular neuritis, 111

Acute vision loss, 129–131, 133–135
binocular visual loss
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migraine, 135
optic chiasm, 134
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case presentation, 127
eye emergence approach, 127–128
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ischemic optic neuropathy, 134
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Adrenal insufficiency, 215
AED, side effects and indicated labs, 71–72
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treatment, 264
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malaria, 265

clinical features, 265
imaging, 266
laboratory test, 265
treatment, 266

meningitis
cause, 260
incidence, 260
treatment, 261

neuroimaging, 258
lumbar puncture, 258
neurocritical care management, 259

neurosyphilis, 266
physical examination, 252, 255–257
spinal epidural abscess, 268
treatment, 261–262

Central retinal artery occlusion (CRAO),  
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Central retinal vein occlusion (CRVO), 130
Cerebral abscess, 267

clinical features, 267
progression, 267

Cerebral blindness, 135
Cerebral contusions, 41
Cerebral venous sinus thrombosis (CVST), 
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Cervical arterial dissection, 157, 186, 188
Cervical neck pain, 157
Cervical radiculopathy, 186, 187
Cervical strain, 185
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Cluster headache, 151–152
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Complete blood count (CBC), 224
Complex partial seizure, 61
Computed tomography (CT)

cerebral abscess, 267
TBI, 50–51
headache, 154

Computed tomography angiogram (CTA),  
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acute back pain, 185
AMS, 227

Concurrent analgesia, 145
Concussion, 42
Conversion disorder, 198, 199

clinical investigation, 201
differential diagnosis, 196

disposition, 204
ED workup, 201
functional imaging, 202–204
history, 196
neuroimaging, 201–204
physical examination, 197

co-contraction test, 199
Hoover’s sign, 198
motor testing, 199
sensory testing, 199
Sonoo abductor sign, 199
sternocleidomastoid test, 199

principal presentations of, 197
Convulsive seizures, 70
Cortical algorithm, case study, 291–309
Corticosteroids, 261
Cranial nerve exam, 8
CRAO, see central retinal artery occlusion 

(CRAO)
CRVO, see Central retinal vein occlusion 
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CTA, see Computed tomography angiogram 
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CVST, see Cerebral venous sinus thrombosis 
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Deep venous thrombosis (DVT), 156
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case presentation, 137
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overarching algorithm, 120
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case presentation, 103
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Eaton-Lambert syndrome (ELS), 243
ECG, see Electrocardiogram (ECG)
Echocardiogram, 97
EEG, see Electroencephalography (EEG)
Electrocardiogram (ECG), 93, 226
Electroencephalography (EEG), 73, 226
Electrolytes, 214–215
ELS, see Eaton-Lambert syndrome (ELS)
Emergency department (ED), 1

dizziness, 103
by EMS, 86
seizures, 69
syncope, 91
TBI, 39

Emergency medical services (EMS),  
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causes, 263
clinical features, 264
imaging, 264
infection, 263
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treatment, 264

Endotracheal intubation (ETI), 78
Epidural abscess, 178
Epidural hematomas (EPH), 41, 42
Epilepsy, 60
European Society of Cardiology, 93
Exudative retinal detachment, 131

F
Facial nerve (CN VII), 10
False localizing signs, 6
Familial periodic paralyses, 244
Focal brain presentation, 290
Focal localizing signs, 6
Focal seizures, 61

G
GBS, see Guillain-Barré syndrome (GBS)
Generalized brain presentation, 290
Generalized seizures, 61
Generalized tonic-clonic seizures (GTC), 61
Giant cell arteritis (GCA), 157
Glasgow Coma Scale, 2, 3
Glasgow Coma Score (GCS), 40
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Glucose, 214
Guillain-Barré syndrome (GBS), 241

H
Head impulse test, 10
Headache, 150–162, 165–167

causes, 143, 144
clinical investigations, 162–164
concurrent analgesia, 145
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primary headache disorders, 150–152
secondary headache disorders, 150–162
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neuroimaging
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indications and caveats, 165
treatment, 166–167

pathological etiology, 147
physical examination, 147
red flags, 146

Hemichorea-hemiballismus (HH), 279
Hepatic encephalopathy, 215
Hoover’s sign, 198
Horizontal diplopia, 138
Hydrocephalus, 158–159
Hyperekplexia sudden death, 283
Hypertension, 26
Hypertensive headache, 158
Hyperthyroidism, 215
Hypoglossal nerve (CN XII), 11
Hypothyroidism, 215

I
Idiopathic intracranial hypertension, 159–160
Idiopathic orbital inflammation, 140
International Headache Society, 152
International League Against Epilepsy (ILAE), 60
Intracranial hemorrhage, 40
Intramuscular ketamine, 218
Intraparenchymal hemorrhage, 41
Intravenous immunoglobulins (IVIG), 241
Ischemic optic neuropathy, 134

K
Kernig’s sign, 188

L
Levetiracetam, 77
Liver function tests (LFT), 224
Los Angeles Motor Scale (LAMS), 3
Lou Gehrig’s disease, 247
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M
Magnetic resonance imaging (MRI)

acute back pain, 184
AMS, 227
cerebral abscess, 267
TBI, 51

Malaria, 265
clinical features, 265
imaging, 266
laboratory test, 265
treatment, 266

Malignant catatonia (MC), 278
Malignant headache presentation, 290
Manual distraction test, 187
Meningitis, 161–162

acute neck pain, 186, 188, 189
CNS, 260

Metabolic perturbations, 20
Migraine, 64, 135
Migraine headache, 151
Monocular diplopia, 138
Movement disorders, 64, 272, 274, 278, 279, 

281–284, 286
classification, 272
emergency department, 271
hyperkinetic emergencies

acute dystonis, 284
chorea, athetosis, and ballismus, 279
dystonic storm and status dystonicus, 284
hyperekplexia sudden death, 283
myoclonus, 281
OGC, 286
serotonin syndrome, 279
tardive dyskinesias, 282
tics, 283

hypokinetic emergencies
acute parkinsonism, 272
MC, 278
MSA, 278
NMS, 274
parkinsonism hyperpyrexia syndrome, 278

MRI, see Magnetic resonance imaging (MRI)
Multiple system atrophy (MSA), 278
Myasthenia gravis, 140
Myasthenia gravis (MG), 241–243
Myoclonic epilepsy, 61
Myoclonus, 281–282

N
National Institutes of Health Stroke Scale 

(NIHSS), 3, 4
Neurocritical Care Society (NCS) 2012 

guidelines, 75

Neuroleptic malignant syndrome (NMS), 274
Neurological examination, 7–12, 290

clinical practice, 13–14
complaints, 2
emergency department, 1
history, 5–7
initial assessment, 2–5
principles, 1–2
screening, 7

coordination and gait, 12
cranial nerve, 8–11
higher cortical function, 7–8
mental status, 7
motor function, 11–12
reflexes, 12
sensory function, 11

Neurosyphilis, 266–267
New Orleans Criteria (NOC), 44
NHAMCS study, 104
NIH Stroke Scale (NIHSS), 23
Nonconvulsive status epilepticus (NCSE), 226
Nystagmus, 9

O
Oculogyric crisis (OGC), 286
Oculomotor (CN III), 9
Oculomotor nerve palsy, 139
Optic chiasm, 134
Optic nerve (CN II), 8
Optic neuritis, 133–134
Orbital disease, 140
Orbital neoplasm, 140
Organophosphates (OP), 245–246
Orthostatic hypotension, 116
Oxford scale, 12

P
Parkinsonism, 272–275
Parkinsonism hyperpyrexia syndrome, 278
Partial status epilepticus, 78
PCS, see Post-concussion syndrome (PCS)
Pediatric Emergency Care Applied Research 

Network (PECARN), 46
Pentobarbital, 78
Perfusion imaging, 31
Persistent monocular vision loss

acute angle-closure glaucoma, 131–133
CRAO, 129, 130
ischemic optic neuropathy, 134
optic neuritis, 133
retinal detachment, 131–132

Pituitary apoplexy, 158
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Poliovirus, 245
Polymerase chain reaction (PCR) 

amplification, 245
Polypharmacy, 88
Post-concussion syndrome (PCS), 51–53
Posterior reversible encephalopathy syndrome 

(PRES), 135
Pralidoxime, 246
Presyncope, 63
Primary headache disorders

cluster headache, 151
migraine headache, 151
tension-type headache, 151

Propofol, 50
Provoked seizures, 61
Pseudoseizures, 63
Pseudotumor cerebri, 159
Psychogenic non-epileptic seizures (PNES), 

63
Psychogenic syndromes, see Conversion 

disorder

R
Rabies encephalitis, 264
Radiculopathy, 188
Recombinant tissue plasminogen activator 

(rtPA), 32–35
Reflex syncope, 118
Refractory status epilepticus (RSE), 62, 78
Retinal detachment, 131
Rhegmatogenous retinal detachment, 131
Rigidity, 238
RSE, see refractory status epilepticus (RSE)
rtPA, see Recombinant tissue plasminogen 

activator (rtPA)
Ruptured abdominal aortic aneurysm (rAAA), 

177

S
Secondary headache disorders, 152–161

nonvascular/intracranial etiology
acute angle-closure glaucoma, 160
carbon monoxide poisoning, 161
dural puncture headache, 161
hydrocephalus, 158
idiopathic intracranial hypertension, 

159
meningitis, 161
space-occupying lesion, 159

vascular etiology
cervical artery dissection, 157
CVST, 156
giant cell arteritis, 157

hypertensive headache/encephalitis, 158
pituitary apoplexy, 158
subarachnoid hemorrhage, 152–154
subdural hematomas, 154–155

Seizures, 60, 75, 76, 98
classification, 60
clinical symptoms and presentation, 60
differential diagnosis, 62–64
EEG, 73, 74, 98
emergency department workup, 69–70
emergent initial therapy, 76
ETI, 78
first-time, 73–75
history, 64
loss of consciousness, 61
neuroimaging, 70–73
physical examination, 68–69
safety counseling, 81–82
SE

pharmacological management, 75
pharmacological treatment, 76

triggers, 66
urgent control therapy, 77

Serotonin syndrome, 279–281
s-EVS, see Spontaneous episodic vestibular 

syndrome (s-EVS)
Shy-Drager syndrome, 278
Simple partial seizure, 61
Skull fractures, 43–45
Sleep disorders, 64
Sodium, 214
Sonoo abductor sign, 199
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Spinal cord compression, 184
Spinal epidural abscess, 268
Spontaneous episodic vestibular syndrome 

(s-EVS), 117–119
Spurling maneuver, 187
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Status epilepticus (SE), 62

pharmacological management, 75
pharmacological treatment, 76
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Stroke, 63

algorithm, 19
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clinical investigations, 27–28
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clinical investigation, 92–97
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T
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TBI, see Traumatic brain injury (TBI)
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Tick paralysis, 246
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case presentation, 39
clinical investigations, 50
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emergency department workup, 46–49

neuroimaging
CT, 50
MRI, 51–52

PCS, 51
pediatric population, 45–46
pediatrics, 49
severity, 40
treatment, 49–50
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management, 239–240
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