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Stroke: The Subtle, Atypical,  
and Enigmatic

Introduction
Stroke has been recognized in medicine since the time of Hippocrates, 2,400 

years ago. Initially called “apoplexy,” meaning “to be struck down by violence” in 
Greek, stroke was diagnosed by the way it suddenly devastated a person’s abil-
ity to function. The aftermath of stroke and the disability it causes have been 
affecting humankind ever since. Sometimes, the signs and symptoms of stroke 
are readily apparent to patients and their family members, thanks in large part 
to the Act FAST public health campaign, which is based on the research by 
Wall et al.1 This simple acronym reminds the public that symptoms of stroke 
include facial droop (F), arm weakness (A), and slurred speech (S). The last let-
ter stands for time (T) and is meant to remind patients to act quickly and go 
to a hospital immediately.1 Emergency physicians (EPs), in consultation with 
stroke specialist colleagues, diagnose and treat these patients according to the 
guidelines published by the American Heart Association and the American 
Stroke Association.2 

This article will explore the subtle and enigmatic presentations of stroke — 
the patients who likely will not present to the emergency department (ED) as a 
“code stroke” already diagnosed by lay people or EMS. These patients often will 
present with nonspecific symptoms, such as vision problems, headache, a subtle 
language deficit, dizziness, or amnesia. Additionally, patients who present with 
global altered mental status must trigger suspicion for stroke. This article will 
explore each of these chief complaints with respect to stroke and what constel-
lation of symptoms and physical exam findings should prompt further workup. 
Then it will examine cerebral venous thrombosis (CVT), a rare type of stroke 
caused by a venous occlusion, and discuss how its various presentations make 
diagnosis elusive, particularly in the ED setting. 

Epidemiology of Stroke
Every year, about 795,000 people in the United States are diagnosed with 

a stroke; approximately 610,000 of these are first strokes and 185,000 are 
recurrent strokes.3 Stroke is the fifth leading cause of death in the United 
States4,5 and a major cause of disability and loss of functional independence, 
particularly among the elderly. Stroke reduces mobility in more than half of 
stroke survivors older than 65 years of age.6 The lifetime risk of stroke for 
adults worldwide is 25%.6 Men have a higher incidence of stroke than women 
at younger ages, but the incidence is higher for women by 75 years of age and 
older.3
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EXECUTIVE SUMMARY
 z Consider acute ischemic stroke whenever neurologic symp-

toms develop over a few minutes.

 z Although the classic sign of stroke is motor weakness, visual 
impairment, headache, language deficits, dizziness, amnesia, 
and altered mental status also can be due to stroke.

 z Acute arterial dissection almost always presents with neck 
pain, face pain, or headache. Patients who present with such 
pain as well as neurologic symptoms should receive imaging 
with CT angiography.

 z Unilateral occipital headache may occur in patients with an 
acute infarction involving the posterior inferior cerebellar 
artery.

 z In patients with acute vertigo, the presence of a normal head 
impulse test, direction-changing nystagmus, or skew devia-
tion of gaze fixation suggests a central origin.

 z Impairment in alertness and behavioral abnormalities are 
common in rostral brainstem strokes, especially those due to 
blockage in the distal tip of the basilar artery.

 z Cerebral venous thrombosis is a rare condition that manifests 
as a headache that is typically worse when supine, and some 
patients may experience vomiting, visual problems, and 
motor weakness.

Background and Anatomy
The effects of a stroke depend primar-

ily on the location of the blood flow 
obstruction and the extent of brain tis-
sue affected. Strokes result in neurologi-
cal dysfunction in the distribution of a 
vascular territory of the brain, so under-
standing the vascular territories and the 
function of the brain tissue they supply 
is critical to making the correct diagno-
sis. (See Table 1.) Acute ischemic strokes, 
which make up 87% of all strokes in 
the United States, are the main focus 
of this article. They can be caused by an 
acute thrombosis of a blood vessel, an 
embolism from a distant site, or a vas-
cular dissection. Because of blood flow 
patterns and arterial properties such 
as size and origin, thrombosis, emboli, 
and dissection are more likely to affect 
certain blood vessels, including the 
internal cerebral artery (ICA) or middle 
cerebral artery (MCA). Dissections also 
are more likely to affect certain vessels, 
the most common of which is the extra-
cranial portion of the internal carotid 
artery. They can cause ischemic symp-
toms because of hemodynamic compro-
mise secondary to luminal narrowing or 
occlusion, thromboembolism, or both.8,9 

Stroke Syndromes
Although clinical manifestation of an 

acute stroke may vary, there are com-
mon features that may be aggregated 
and correlated with specific patterns or 
stroke syndromes. The following sec-
tions will discuss the signs, symptoms, 
workup, diagnosis, and management of 
possible strokes by various chief com-
plaints. These include visual complaints, 

headache, language deficits, dizziness, 
amnesia, and altered mental status. 

Visual Complaints

Visual impairment, in which the 
visual disturbance is a result of brain 
damage rather than a problem with the 
eye, encompasses a broad spectrum of 
diseases. This is due, in part, to the com-
plex tracts that transmit efferent and 
afferent signals to the eyes, whether they 
are processing vision, adjusting light 
input, coordinating eye movements, 
or connecting vision with memories, 
speech, or sound. Conditions include 
cerebral visual impairment, visual 
neglect, visual agnosia, various visual 
perceptual disorders, visual field cuts, 
lack of facial recognition, and corti-
cal blindness. This section will explore 
the location of strokes that may affect 
vision.

Visual complaints are the hallmark of 
posterior cerebral artery (PCA) territory 
infarcts because of the location of the 
visual cortex in the occipital lobe, which 
is supplied medially by the PCA. (See 
Figure 1.) The most frequent finding is 
homonymous hemianopsia. Macular 
sparing may be present but is vari-
able. If only the inferior portion of the 
PCA territory is involved, patients will 
have a superior homonymous quadran-
tanopia. If only the superior portion of 
the PCA territory is involved, patients 
will have an inferior homonymous 
quadrantanopia. Patients may describe 
the visual defect as a void or blackness; 
however, when the entire PCA territory 
is involved (especially the nondominant 
hemisphere, which is usually the right), 

patients may have visual neglect and, 
therefore, are unaware of their deficit. 
These patients may present with walk-
ing into walls on their neglected side. 
Oculomotor and pupillary function is 
preserved in PCA infarcts. The PCA 
territory also involves the splenium of 
the corpus callosum, which connects 
the occipital lobe to the temporal and 
frontal lobes. Patients with dominant-
hemisphere PCA territory infarcts 
(usually left) frequently also have alexia 
(loss of the ability to read) without 
agraphia (loss of the ability to write).11 
This is because the visual cortex on 
the dominant side no longer is able to 
transmit information to the language 
centers (Broca’s area and Wernicke’s 
area). Infarction of the nondominant 
PCA territory often is accompanied by 
prosopagnosia (inability to recognize 
familiar faces) and an inability to visu-
alize the location of places on a map. 
Additionally, the ability to perform 
mental visualization or have dreams 
with visual imagery may be absent. 

Posterior thalamoperforating arteries 
branch off the P1 segment and sup-
ply blood to the thalamus, so patients 
with proximal P1 infarcts also may have 
symptoms related to thalamic ischemia. 
The hallmark of thalamic involvement is 
hemisensory loss in the face, limbs, and 
trunk. On examination, touch, pinprick, 
and position senses are reduced. The 
combination of hemisensory loss and 
homonymous hemianopsia is pathogno-
monic of a proximal PCA stroke.12,13 

Vision also may be affected with 
ischemia in the distribution of the ante-
rior choroidal artery (AChA), because 
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its vascular territory includes the optic 
tracts and part of the thalamus that 
contains the lateral geniculate nucleus 
(LGN). The AChA is the most distal 
branch of the internal carotid artery 
(ICA) and originates just after the 
origin of the posterior communicating 
artery (PCOM). The afferent neurons 
that compose the optic tracts synapse in 
the LGN with the neurons of the optic 
radiations that transmit information to 

the visual cortex. With AChA strokes, 
the regions of infarct most often occur 
in the posterior limb of the internal 
capsule (containing the fibers of the 
corticospinal tract), the internal globus 
pallidus (iGP), and the LGN.10 As a 
result, the most common clinical syn-
drome includes a contralateral hemipa-
resis and contralateral visual field defect. 
The visual field defect can consist of a 
complete homonymous hemianopsia 

or may manifest as a distinct feature 
with sparing of the meridian, called 
sectoranopia. This is due to the arrange-
ment of the afferent visual fibers as they 
synapse in the LGN. The likely cause of 
AChA infarction is small-artery focal 
atherosclerosis secondary to long- 
standing hypertension and diabetes.10 

Transient visual loss (TVL), also 
known as amaurosis fugax, can occur 
in one or both eyes, and frequently 

Table 1. Brain Vascular Territories8-10

Vascular 
Territory Area of the Brain Affected Symptoms

MCA The cortical branches of the MCA supply the 
lateral surface of the cortical hemisphere, 
except for the medial part of the frontal 
and the parietal lobe (ACA territory), and 
the inferior part of the temporal lobe (PCA 
territory).

• Dominant hemisphere: aphasia
• Nondominant hemisphere: neglect
• Motor/sensory loss of the face and arm (less so the leg)

Lateral LSA Deep penetrating arteries of the MCA. Their 
territory includes most of the basal ganglia 
and the internal capsule.

• Weakness of the face, arm, and leg
• ± sensory loss

ACA The ACA supplies the medial part of the 
frontal and the parietal lobe and the anterior 
portion of the corpus callosum, basal ganglia, 
and internal capsule.

• Apathy, abulia, disinhibition
• Eye deviation
• Motor sensory loss of the leg (less so the arm)

Medial LSA Arise from the ACA. Heubner’s artery is the 
largest of the medial LSAs and supplies the 
anteromedial part of the head of the caudate 
and the anteroinferior internal capsule.

• Apathy, abulia, disinhibition
• Hemiparesis 

AChA Arises from the ICA. Blood supply to the 
hippocampus, the posterior limb of the 
internal capsule and the thalamus

• Hemiparesis
• Visual field defect (homonymous hemianopsia or sectoranopia)
• Hemisensory loss

ICA The ICA branches into the MCA, ACA, and 
AChA; therefore, the vascular territory is the 
combination of the above.

• Dominant hemisphere: aphasia
• Nondominant hemisphere: neglect
• Homonymous hemianopsia 
• Motor/sensory loss of the face, arm, and leg
• Eye deviation 

PCA Posterior thalamoperforating arteries branch 
off the P1 segment and supply blood to the 
thalamus. Cortical branches of the PCA supply 
the inferomedial part of the temporal lobe, 
occipital pole, visual cortex, and splenium of 
the corpus callosum.

• Homonymous visual field cuts
• Dominant hemisphere: alexia without agraphia
• Nondominant hemisphere: prosopagnosia
• Hemisensory loss
• Bilateral: cortical blindness
• Amnesia

VA The medulla • Lateral medullary syndrome (Wallenberg’s syndrome): Facial 
numbness, vertigo, diplopia, dysphagia, hoarseness, palatal 
paralysis, limb ataxia, Horner’s syndrome, loss of pain/
temperature sensation

BA The pons and midbrain • Pontine ischemia: Altered mental status, horizontal gaze palsy, 
pinpoint pupils, ataxia, quadriparesis, nausea/vomiting/vertigo

• Midbrain ischemia: Fixed and dilated pupils, hyperconvergence 
of eyes, vertical gaze palsy, spatial and temporal disorientation, 
visual hallucinations

MCA: middle cerebral artery; LSA: lenticulostriate arteries; ACA: anterior cerebral artery; AChA: anterior choroidal arteries; ICA: internal 
cerebral artery; PCA: posterior cerebral artery, VA: vertebral artery; BA: basilar artery (continued)
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prompts patients to seek medical atten-
tion in the ED. The term amaurosis 
comes from Greek meaning “dark” 
and fugax comes from Latin meaning 
“fleeting.”14 TVL reflects a heteroge-
neous group of disorders, some rela-
tively benign and others with potential 
for significant neurological sequelae. 
Patients with TVL almost always pres-
ent after the episode has resolved and, 
therefore, the neurological and oph-
thalmologic examinations usually are 
normal. Thus, the history is the most 
important aspect of the evaluation to 
elucidate the cause. Important historical 
features include whether the visual loss 
affected one or both eyes, the duration 
of the episode, and a specific description 
of the symptoms. The most common 
cause of ischemia to the retina or optic 
nerve is transient monocular visual loss 
(TMVL). The most common descrip-
tion of TMVL due to ischemia is 
blank or fuzzy vision with abrupt onset 
over a few minutes.15 Carotid artery 
disease with either plaque emboliza-
tion or hypoperfusion is a common 
precipitant. The workup should include 

ophthalmologic evaluation and carotid 
imaging. Other considerations include 
cardiac evaluation, brain magnetic reso-
nance imaging (MRI), electroencepha-
logram (EEG), hypercoagulable testing, 
and a workup of vasculitides. 

Oculomotor abnormalities frequently 
are seen in strokes involving the mid-
brain and pons because of the location 
of the nuclei of cranial nerves III, IV, 
and VI, and the medial longitudinal 
fasciculus. Patients may complain of 
double vision and dizziness. On exam, 
they may exhibit oculomotor palsies 
and pupillary abnormalities. Sometimes 
these strokes are associated with global 
altered mental status, which is explained 
in more detail in the section on altered 
mental status.

Headache

Nontraumatic headache is a common 
chief complaint in the ED, accounting 
for 2-4% of all ED visits annually.16,17 
The EP’s goal is to differentiate the 
small number of patients with life-
threatening headaches from the over-
whelming majority with benign primary 

headaches (i.e., migraine, tension, or 
cluster). Several studies have evaluated 
the frequency with which secondary 
(pathological) causes of headache are 
diagnosed. These studies show some 
variability, with rates as low as 4% for 
all headache patients to greater than 
14% for those with sudden-onset, severe 
headaches.17 

Patients with an acute arterial dis-
section are at risk for ischemic stroke. 
In 80-90% of these patients, acute 
headache, neck pain, or face pain occurs 
at symptom onset.18 Although arte-
rial dissections are responsible for only 
2% of all ischemic strokes, they are an 
important cause of stroke in young and 
middle-age patients. The average age 
of patients with cervicocerebral arte-
rial dissections is 30 to 50 years, with 
a mean age of approximately 40 years.7 
In patients younger than 45 years of 
age, arterial dissection is the second 
leading cause of stroke, accounting for 
10-25% of ischemic strokes in this age 
group.8 Dissection occurs when the 
structural integrity of the arterial wall is 
compromised, allowing blood to collect 

Table 1. Brain Vascular Territories (continued)8-10

Vascular Territory Area of the Brain Affected Symptoms

PICA The lateral medulla and the inferior 
occipital surface of the cerebellum

• Lateral medullary syndrome (Wallenberg’s syndrome): Facial 
numbness, vertigo, diplopia, dysphagia, hoarseness, palatal 
paralysis, limb ataxia, Horner’s syndrome, loss of pain/
temperature 

• Nausea/vomiting/vertigo
• Ataxia
• Dysmetria
• Occipital headache

AICA The lateral surface of the cerebellum • Deafness
• Motor/sensory loss of the face
• Limb ataxia
• Loss of pain/temperature sensation

SCA The superior and tentorial surface of the 
cerebellum

• Dysmetria
• Intention tremor
• Gait ataxia
• Dysarthria
• Mild to absent dizziness

Watershed Watershed infarcts occur at the border 
zones between major cerebral artery 
territories as a result of hypoperfusion.

• Depends on watershed territory involved

Venous thrombosis Venous territories • Varied clinical spectrum but may include isolated headache ± 
vomiting or visual problems, focal deficit, seizures, mental status 
change, or coma

PICA: posterior inferior cerebellar artery; AICA: anterior inferior cerebellar artery; SCA: superior cerebellar artery



ReliasMedia.com Emergency Medicine Reports / March 15, 2019     65

between layers as an intramural hema-
toma. Strokes can occur either from 
diminished blood flow from luminal 
narrowing, or from the development of 
a thrombus from turbulent blood flow 
with embolization of a blood clot to 
a distant artery. Although dissection 
can result from major head and neck 
trauma, most dissections occur sponta-
neously or after minor or trivial injury. 
Other reported precipitating activities 
include childbirth, sexual intercourse, 
coughing or sneezing, and chiropractic 
neck manipulation.18 

Several connective tissue or vascular 
disorders are associated with dissec-
tion, the most common of which is 
fibromuscular dysplasia. Approximately 
15-20% of all cases of cervical dissec-
tion are associated with this condi-
tion.19 Other associated conditions 
include Ehlers-Danlos syndrome, 

Marfan syndrome, osteogenesis imper-
fecta, cystic medial necrosis, reticular 
fiber deficiency, homocystinuria, auto-
somal dominant polycystic kidney 
disease, alpha-1 antitrypsin deficiency, 
segmental mediolytic arteriopathy, 
reversible cerebral vasoconstriction 
syndrome, and cervical artery tortuos-
ity. Although clinical features may raise 
the suspicion for dissection, the diag-
nosis is confirmed with neuroimaging. 
Therefore, in patients with both stroke-
like symptoms and headache or neck 
pain, CT angiogram or MR angiogram 
imaging of the neck is warranted to 
rule out dissection. 

Posterior inferior cerebellar artery 
(PICA) infarction may present with 
acute unilateral occipital headache, but 
also usually involves acute persistent 
vertigo, ataxia, dysmetria, and, occa-
sionally, lateral medullary syndrome. 

(See Figure 2.) (Also see the section on 
dizziness.) 

Language Deficits

Although aphasia is a common symp-
tom of stroke, it can be a subtle finding 
when in isolation. Language process-
ing has three main centers in the brain. 
Broca’s area is located in the posterior 
inferior frontal gyrus of the dominant 
hemisphere and is critical for language 
production. Wernicke’s area is located in 
the superior temporal gyrus of the dom-
inant hemisphere and is essential for 
language comprehension. The angular 
gyrus is located in the inferior parietal 
lobe near the visual tracts and is neces-
sary for understanding written language. 
Other regions of the brain make impor-
tant contributions to normal language 
ability. These include the insula, which 
is integral to normal articulation; several 
frontal and temporal lobe regions that 
support sentence-level processing; and 
large regions of the temporal, occipital, 
and parietal cortex that support knowl-
edge of words and their meanings.20 

Any pathologic process that results 
in dysfunction of the language network 
may cause aphasia. (See Table 2.) The 
most common etiology of acute-onset 
aphasia is ischemic stroke. Speech can 
be evaluated for fluency, content, rep-
etition, naming, comprehension, read-
ing, and writing. Based on a thorough 
assessment of language, a particular 
aphasia syndrome may be identified, 
thus allowing for localization to a par-
ticular region of the brain.

Dizziness

Dizziness and vertigo are com-
mon presenting symptoms in the ED, 
accounting for approximately 4% of 
all visits.21 The presence of nystagmus 
on physical exam suggests that dizzi-
ness is vertiginous in nature. The etiol-
ogy of vertigo is classified into two 
categories, peripheral and central, the 
more common of which is peripheral. 
Vertigo, whether central or peripheral 
in origin, generally is accompanied by 
postural instability. Peripheral vertigo 
constitutes disorders such as benign 
paroxysmal peripheral vertigo, Meniere’s 
disease, and labyrinthitis. Although 
central causes are much less common, 
accounting for about 10% of all causes 

Figure 1. CT Scan of the Head in a Patient Who Had Vision 
Loss in the Left Visual Field

Imaging shows hypodensity in the right posterior cerebral artery vascular territory.
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of dizziness, they can be much more 
devastating. In the elderly, the incidence 
of a central cause of vertigo approaches 
20%.22 The most common cause of 
acute central vertigo is ischemic stroke. 
Patients may present with a similar 
constellation of symptoms as peripheral 
vestibular disorders, making the diagno-
sis more difficult. 

However, the presence of subtle find-
ings can differentiate patients with 
peripheral vertigo from those with a 
central cause such as stroke. The time 
course, provoking factors, and aggravat-
ing factors of vertigo are the most useful 
features in establishing the etiology. (See 
Table 3.) Stroke should be suspected 
in patients with acute, sustained ves-
tibular syndrome, defined as the rapid 
onset (over seconds to hours) of vertigo, 
nausea, vomiting, and gait unsteadi-
ness in association with head-motion 
intolerance and nystagmus lasting 
days to weeks.21 The HINTS examina-
tion — head impulse test, nystagmus, 
and test-of-skew — is used to distin-
guish between peripheral and central 
causes of vertigo. The presence of any 
one of three clinical signs (a normal 
head impulse test, direction-changing 

nystagmus, or a skew deviation) sug-
gests central rather than peripheral 
vertigo in patients with an acute, sus-
tained vestibular syndrome. Studies 
have repeatedly shown superiority of 
the HINTS exam in diagnosing stroke, 
even over MRI within the first 48 hours 
after symptom onset.23,24 

In patients with lateral medullary 
infarcts, vestibulocerebellar symptoms 
and signs typically are present.25 These 
signs and symptoms are related to 
involvement of the vestibular nuclei 
and their connections and to involve-
ment of the inferior cerebellar peduncle. 
Common symptoms and signs include 
feelings of dizziness or of being off-bal-
ance, difficulty sitting upright without 
support, blurred vision or diplopia, nys-
tagmus, ocular torsion, limb ataxia, pain 
on the ipsilateral side of the face, loss of 
pain and temperature sensation in con-
tralateral limbs, bulbar muscle weakness 
manifesting as hoarseness, dysphagia, 
and asymmetric palate elevation.11

Cerebellar infarction in the distribu-
tion of PICA can cause either a vertigi-
nous syndrome (medial PICA affecting 
the cerebellar vermis) or gait incoordi-
nation with abnormal rapid alternating 

movements and absent or only mild 
dizziness (lateral PICA affecting the 
lateral cerebellar hemisphere). (See 
Figure 3.) When the entire PICA ter-
ritory is affected, patients frequently 
have associated headache localized to 
the ipsilateral occiput or neck. They 
also may maintain head position with 
a slight tilt toward the affected side. 
Approximately one-fifth of the cer-
ebellar infarcts of the PICA territory 
also involve infarction in the dorsal or 
dorsolateral medulla. The combina-
tion of lateral medullary syndrome 
and PICA cerebellar infarction results 
when occlusion of the intracranial 
vertebral artery occurs and blocks the 
origin of the PICA and the lateral 
medullary penetrators. Associated 
symptoms may include vomiting, gait 
ataxia, truncal instability, and limb 
hypotonia.11

Amnesia

Transient global amnesia is a clini-
cal syndrome of reversible anterograde 
amnesia accompanied by repetitive 
questioning that occurs in middle-age 
and older individuals. The etiology 
is unclear, but there appears to be an 

Figure 2. MRI Brain in a Patient Who Presented With Nausea, Vomiting, and Headache

(A) MRI axial T2-flair. Arrow points to the area of infarct in the posterior inferior cerebellar artery; (B) Corresponding image on the MRI 
diffusion study. Arrow points to the area of infarct.

A B
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association with migraine headaches. 
The prognosis is good, and patients usu-
ally have complete recovery and infre-
quent recurrence.26 

Vascular disease is not usually con-
sidered in the evaluation of an acutely 
amnestic patient; however, there have 
been several case reports describing 
amnesia as a major initial finding.  

The critical structure for the for-
mation and retrieval of new episodic 
memory is the dominant hemisphere 
mediobasal temporal lobe and hip-
pocampus, which are both part of the 
PCA territory.27 Multiple case reports 
have been presented in the literature in 
which amnesia is the sole or primary 
manifestation of stroke.28-30 Patients 
who present with amnesia warrant a 
thorough visual field examination, as 
visual field cuts frequently occur with 
PCA territory ischemia (see the section 
on visual complaints). Associated neu-
rological findings, including visual field 
deficits, alexia, and sensory loss, should 
warrant further workup of PCA terri-
tory stroke. 

Altered Mental Status
Pontine stroke from basilar artery 

occlusion commonly presents as global 
altered mental status. The basilar artery 
begins at the medullopontine junction 
and ends at the junction of the pons 
and midbrain. Occlusive lesions may 
occur anywhere along the basilar artery. 
Motor symptoms include unilateral or 
bilateral limb weakness with associated 
hyperreflexia and abnormal spontaneous 
movements such as shivering, twitch-
ing, shaking, or jerking. Incoordination 
of limb movement is another common 
motor finding and usually is more pro-
nounced in the legs. In patients who can 
participate in heel-to-shin testing, the 
results tend to show clumsiness. 

Oculomotor symptoms are a hallmark 
of pontine stroke because of involve-
ment of the paramedian tegmentum 
where the medial longitudinal fasciculus 
is located. Abnormalities may include 
complete bilateral horizontal gaze palsy, 
unilateral horizontal conjugate gaze 
palsy, and unilateral or bilateral inter-
nuclear ophthalmoplegia. Patients will 

have skew deviation, nystagmus, and, 
frequently, ptosis. Pupils are frequently 
small (“pinpoint”) but have preserved 
pupillary response to light, albeit with 
small amplitude. Lastly, because of the 
presence of the nuclei of cranial nerves 
V, VI, and VII in the pons, patients 
with basilar artery strokes also will show 
signs of bulbar involvement. The symp-
toms include facial weakness, dysphonia, 
dysarthria, dysphagia, and limited jaw 
movement. The face, pharynx, larynx, 
and tongue are involved most often. 
Some patients may completely lose 
the ability to speak, open their mouth, 
protrude their tongue, swallow, or move 
their face. Secretions can pool in the 
pharynx, making aspiration a potentially 
serious complication. The condition 
known as “locked-in syndrome” occurs 
when patients retain consciousness but 
lose all other voluntary movements 
except those of the eyes.11,31

Alertness and behavior abnormali-
ties are common in patients who have 
rostral brainstem infarcts. An infarct at 
the distal tip of the basilar artery can 

Table 2. Major Aphasia Syndromes20

Aphasia Syndrome Characteristics Brain Territory Associated Symptoms

Broca’s aphasia • Nonfluency with sparse output
• Agrammatism
• Impaired repetition
• Mild to absent incomprehension 
• Writing deficit = speech deficit

• Left frontal lobe • Right hemiparesis
• Oral apraxia

Wernicke’s aphasia • Fluent aphasia
• Markedly impaired comprehension
• Meaningless “word salad”
• Normal cadence and intonation
• Patient unaware of deficit

• Left temporal lobe • Right superior 
quadrantanopsia

Conduction aphasia • Fluent aphasia
• Impaired repetition
• Frequent paraphasic errors (usually 

phonetic)
• Preserved comprehension 

• Deep parietal white 
matter

• Usually none

Global aphasia • Deficits in all language functions
• Mute or non-word utterances
• Cannot follow commands

• Left frontal and 
temporal lobes

• Right hemiparesis
• Right visual field deficit
• Dementia

Transcortical motor 
aphasia

• Nonfluency
• Difficulty initiating speech
• Good comprehension
• Good repetition
• Writing deficit = speech deficit

• Supplementary motor 
area of the frontal lobe

• ACA/MCA watershed

• Hyperreflexia
• Limb weakness
• Apathy
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cause ischemia and stroke to the rostral 
brainstem, bilateral thalami, and tem-
poral and occipital lobes supplied by the 
PCA branches of the basilar artery. This 
is known as “top of the basilar” syn-
drome.32 Hypersomnolence and abulia 
are common, and patients may answer 
questions with responses that have no 
relationship to reality. If not completely 
obtunded, patients may not understand 
their location in place and time. They 
may report that they are in a distant 
geographic location or that they are 
doing activities that they did in child-
hood. Patients may develop visual hal-
lucinations, particularly after sundown, 
that involve vivid colors, objects, and 
scenes due to involvement of the mid-
brain peduncles. The midbrain also con-
tains the nuclei of cranial nerves III and 
IV, so, therefore, it is no surprise that 
a stroke involving the midbrain affects 
oculomotor and pupillary function. 
Patients will have abnormalities of eye 
position, vertical gaze, and convergence. 
Upward and downward gaze usually 
is paralyzed. Regarding convergence, 
usually one or both eyes are hypercon-
verged, with an inward and downward 

location at rest. Because of involvement 
of the Edinger-Westphal nucleus of cra-
nial nerve III, which innervates the iris 
and ciliary muscles, the pupils often are 
fixed and dilated. The superior cerebellar 
arteries branch from the distal basilar 
artery, so the superior portion of the 
cerebellum also may be infarcted. This 
may manifest as slight dizziness (but 
much less significant than with PICA 
infarcts), vomiting, limb dysmetria, gait 
ataxia, and dysarthria. Notably, sensory 
and motor function usually are pre-
served in “top of the basilar” syndrome.11

Cerebral Venous 
Thrombosis

CVT is a type of stroke that is rare 
and variable in presentation, and it is 
often missed, particularly in the ED.  

Epidemiology and Risk Factors

CVT has an annual incidence of 
only 0.22 to 1.57 per 100,000.33,34 It 
has a variable presentation depend-
ing on the location, size, and adverse 
effects on adjacent brain tissue. Risk 
factors include the prothrombotic state 
associated with oral contraceptive use, 

pregnancy and the puerperium, and 
malignancy; localized or systemic infec-
tion; inflammatory diseases such as 
systemic lupus erythematosus, Behçet 
disease, Wegener’s granulomatosis, and 
sarcoidosis; head injury; and genetic 
thrombophilic diseases such as anti-
thrombin deficiency, protein C or S 
deficiency, factor V Leiden mutation, 
G20210 A prothrombin gene muta-
tion, and hyperhomocysteinemia.34 
No underlying etiology or risk factor 
for CVT is found in less than 10% of 
children, approximately 13% of adults 
younger than 65 years of age, and 37% 
of adults older than 65 years of age.35-37 
This seems to imply that increased age 
also is a risk factor for CVT. 

Signs and Symptoms

The symptoms of CVT can be 
grouped into three major syndromes: 
isolated intracranial hypertension syn-
drome, focal syndrome, and encepha-
lopathy. With each of these syndromes, 
patients may present with one or more 
signs, symptoms, or neurologic deficits. 
Isolated intracranial hypertension syn-
drome is the most common presentation 

Table 3. Clinical Features of Central vs. Peripheral Vertigo22

Peripheral Central

Time Course
• Recurrent spontaneous attacks suggest Meniere’s disease or 

vestibular migraine
• Recurrent positionally triggered attacks suggest benign 

paroxysmal positional vertigo
• Chronic persistent vertigo suggests a psychogenic etiology

Time Course
• Acute prolonged severe vertigo suggests stroke

Nystagmus
• Unidirectional and never reverses direction
• Horizontal with a torsional component; never purely torsional 

or vertical
• Visual fixation suppresses nystagmus
• HINTS (head impulse test, nystagmus, test of skew) negative

Nystagmus
• Sometimes reverses direction
• Can be in any direction (horizontal, torsional, vertical)
• Visual fixation does not suppress nystagmus

Other Neurological Signs
• Absent
• Abnormal head impulse test (in setting of acute sustained 

vestibular syndrome)
• No skew deviation

Other Neurological Signs
• Often present
• Normal head impulse test
• Skew deviation

Postural instability
• Unidirectional instability
• Walking preserved

Postural instability
• Severe instability
• Patient often falls when walking

Deafness or Tinnitus
• May be present

Deafness or Tinnitus
• Absent
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of CVT and is characterized as a head-
ache with or without vomiting, papill-
edema, or visual problems. Symptoms 
tend to worsen when the patient lies 
supine. The focal syndrome can consist 
of a focal or bilateral deficit, such as 
leg or hand weakness, focal or general-
ized seizures, or a combination of these, 

and often depends on the location of 
the CVT. (See Table 4.) Approximately 
37% of patients present with motor 
weakness.38 The encephalopathy syn-
drome seen with CVT manifests as 
multifocal signs, mental status changes, 
stupor, or coma. Brain tissue infarc-
tion occurs when venous drainage in a 

certain vascular bed is slowed because 
of a thrombus, which in turn increases 
pressure. When this venous pressure 
surpasses the systolic pressure on the 
arterial side, there is no forward flow 
of oxygenated blood, and the tissue 
becomes ischemic. 

Workup and Management

In the setting of a patient with at least 
one risk factor and signs or symptoms 
suggestive of CVT, further workup is 
warranted. Additionally, CVT should be 
suspected in patients who have atypical 
neuroimaging features, such as cerebral 
infarction that crosses typical arterial 
boundaries, hemorrhagic infarction, or 
lobar intracerebral hemorrhage of oth-
erwise unclear origin, on routine CT or 
MRI at presentation.39 In up to 30% of 
cases, the head CT is normal; however, 
CT often is the first study performed 
in the ED and is useful for ruling out 
other acute or subacute disorders. The 
second-line imaging study of choice 
is CT venogram, but MR venography 
or intra-arterial angiography also can 
be used if available. Patients with con-
firmed CVT also warrant screening for 
thrombophilia, such as testing for pro-
tein C and S deficiencies and the factor 
V Leiden mutation.34

Conclusion
Although rare, subtle strokes are 

encountered periodically by EPs, fre-
quently without the “code stroke” tipoff 
by the prehospital providers. The keys 
to recognizing subtle strokes include 
taking a good history, performing a 
thorough neurological examination, and 
understanding the vascular territories of 
the brain and their functions.  
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CE/CME Questions
1. Visual complaints are the hall-

mark of which cerebral vascular 
distribution?
a. Anterior cerebral artery
b. Anterior inferior cerebellar artery
c. Middle cerebral artery
d. Posterior cerebral artery

2. Which of the following is character-
istic of peripheral vertigo?
a. HINTS examination is  

negative.
b. Nystagmus reverses direction.
c. Nystagmus may present as purely 

vertical.
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d. Visual fixation does not suppress 
nystagmus.

3. Which of the following aphasia syn-
dromes is characterized by deficits 
in all language functions, mute or 
non-word utterances, and inability 
to follow commands?
a. Broca’s aphasia
b. Transcortical aphasia
c. Conduction aphasia
d. Global aphasia

4. A cerebral venous thrombosis in the 
cavernous sinus may present with 
which of the following symptoms?
a. Isolated headache or isolated 

intracranial hypertension  
syndrome

b. Isolated pulsatile tinnitus ± cra-
nial nerve palsies

c. Motor deficits, bilateral deficits, 
and seizures

d. Ocular signs such as orbital pain, 
chemosis, proptosis, and oculo-
motor palsies

5. Acute headache, neck pain, or face 
pain occurs in 80-90% of patients at 
symptom onset for which of the fol-
lowing conditions?
a. Arterial dissection
b. Cerebellar infarction
c. Cerebral venous thrombosis
d. Lateral medullary syndrome

6. Which of the following is character-
istic of transient global amnesia?
a. Associated with a visual field cut
b. Associated with migraine  

headaches
c. Increased risk for subsequent 

stroke
d. Resolves within one week

7. Which of the following describes 
lateral medullary syndrome? 
a. Apathy, abulia, disinhibition, 

hemiparesis 
b. Dysmetria, intention tremor, gait 

ataxia, dysarthria, mild to absent 
dizziness

c. Facial numbness, vertigo, diplo-
pia, dysphagia, hoarseness, palatal 
paralysis, limb ataxia, Horner’s 
syndrome, loss of pain/tempera-
ture sensation

d. Fixed and dilated pupils, hyper-
convergence of eyes, vertical gaze 
palsy, spatial and temporal disori-
entation, visual hallucinations

8. Which of the following describes 
midbrain stroke?
a. Apathy, abulia, disinhibition, 

hemiparesis 
b. Dysmetria, intention tremor, gait 

ataxia, dysarthria, mild to absent 
dizziness

c. Facial numbness, vertigo, diplo-
pia, dysphagia, hoarseness, palatal 
paralysis, limb ataxia, Horner’s 
syndrome, loss of pain/tempera-
ture sensation

d. Fixed and dilated pupils, hyper-
convergence of eyes, vertical gaze 
palsy, spatial and temporal disori-
entation, visual hallucinations

9. Which of the following describes an 
anterior cerebral artery stroke?
a. Apathy, abulia, disinhibition, 

hemiparesis
b. Dysmetria, intention tremor, gait 

ataxia, dysarthria, mild to absent 
dizziness

c. Facial numbness, vertigo, diplo-
pia, dysphagia, hoarseness, palatal 
paralysis, limb ataxia, Horner’s 
syndrome, loss of pain/tempera-
ture sensation

d. Fixed and dilated pupils, hyper-
convergence of eyes, vertical gaze 
palsy, spatial and temporal disori-
entation, visual hallucinations
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Stroke: The Subtle, Atypical, and Enigmatic

Brain Vascular Territories8-10

Vascular 
Territory Area of the Brain A� ected Symptoms

MCA The cortical branches of the MCA supply the 
lateral surface of the cortical hemisphere, 
except for the medial part of the frontal 
and the parietal lobe (ACA territory), and 
the inferior part of the temporal lobe (PCA 
territory).

• Dominant hemisphere: aphasia
• Nondominant hemisphere: neglect
• Motor/sensory loss of the face and arm (less so the leg)

Lateral LSA Deep penetrating arteries of the MCA. Their 
territory includes most of the basal ganglia 
and the internal capsule.

• Weakness of the face, arm, and leg
• ± sensory loss

ACA The ACA supplies the medial part of the 
frontal and the parietal lobe and the anterior 
portion of the corpus callosum, basal ganglia, 
and internal capsule.

• Apathy, abulia, disinhibition
• Eye deviation
• Motor sensory loss of the leg (less so the arm)

Medial LSA Arise from the ACA. Heubner’s artery is the 
largest of the medial LSAs and supplies the 
anteromedial part of the head of the caudate 
and the anteroinferior internal capsule.

• Apathy, abulia, disinhibition
• Hemiparesis 

AChA Arises from the ICA. Blood supply to the 
hippocampus, the posterior limb of the 
internal capsule and the thalamus

• Hemiparesis
• Visual � eld defect (homonymous hemianopsia or sectoranopia)
• Hemisensory loss

ICA The ICA branches into the MCA, ACA, and 
AChA; therefore, the vascular territory is the 
combination of the above.

• Dominant hemisphere: aphasia
• Nondominant hemisphere: neglect
• Homonymous hemianopsia 
• Motor/sensory loss of the face, arm, and leg
• Eye deviation 

PCA Posterior thalamoperforating arteries branch 
o�  the P1 segment and supply blood to the 
thalamus. Cortical branches of the PCA supply 
the inferomedial part of the temporal lobe, 
occipital pole, visual cortex, and splenium of 
the corpus callosum.

• Homonymous visual � eld cuts
• Dominant hemisphere: alexia without agraphia
• Nondominant hemisphere: prosopagnosia
• Hemisensory loss
• Bilateral: cortical blindness
• Amnesia

VA The medulla • Lateral medullary syndrome (Wallenberg’s syndrome): Facial 
numbness, vertigo, diplopia, dysphagia, hoarseness, palatal 
paralysis, limb ataxia, Horner’s syndrome, loss of pain/
temperature sensation

BA The pons and midbrain • Pontine ischemia: Altered mental status, horizontal gaze palsy, 
pinpoint pupils, ataxia, quadriparesis, nausea/vomiting/vertigo

• Midbrain ischemia: Fixed and dilated pupils, hyperconvergence 
of eyes, vertical gaze palsy, spatial and temporal disorientation, 
visual hallucinations

MCA: middle cerebral artery; LSA: lenticulostriate arteries; ACA: anterior cerebral artery; AChA: anterior choroidal arteries; ICA: internal 
cerebral artery; PCA: posterior cerebral artery, VA: vertebral artery; BA: basilar artery (continued)

Brain Vascular Territories (continued)8-10

Vascular Territory Area of the Brain A� ected Symptoms

PICA The lateral medulla and the inferior 
occipital surface of the cerebellum

• Lateral medullary syndrome (Wallenberg’s syndrome): Facial 
numbness, vertigo, diplopia, dysphagia, hoarseness, palatal 
paralysis, limb ataxia, Horner’s syndrome, loss of pain/
temperature 

• Nausea/vomiting/vertigo
• Ataxia
• Dysmetria
• Occipital headache

AICA The lateral surface of the cerebellum • Deafness
• Motor/sensory loss of the face
• Limb ataxia
• Loss of pain/temperature sensation

SCA The superior and tentorial surface of the 
cerebellum

• Dysmetria
• Intention tremor
• Gait ataxia
• Dysarthria
• Mild to absent dizziness

Watershed Watershed infarcts occur at the border 
zones between major cerebral artery 
territories as a result of hypoperfusion.

• Depends on watershed territory involved

Venous thrombosis Venous territories • Varied clinical spectrum but may include isolated headache ± 
vomiting or visual problems, focal de� cit, seizures, mental status 
change, or coma

PICA: posterior inferior cerebellar artery; AICA: anterior inferior cerebellar artery; SCA: superior cerebellar artery
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Clinical Features of Central vs. Peripheral Vertigo22

Peripheral Central

Time Course
• Recurrent spontaneous attacks suggest Meniere’s disease or 

vestibular migraine
• Recurrent positionally triggered attacks suggest benign 

paroxysmal positional vertigo
• Chronic persistent vertigo suggests a psychogenic etiology

Time Course
• Acute prolonged severe vertigo suggests stroke

Nystagmus
• Unidirectional and never reverses direction
• Horizontal with a torsional component; never purely torsional 

or vertical
• Visual � xation suppresses nystagmus
• HINTS (head impulse test, nystagmus, test of skew) negative

Nystagmus
• Sometimes reverses direction
• Can be in any direction (horizontal, torsional, vertical)
• Visual � xation does not suppress nystagmus

Other Neurological Signs
• Absent
• Abnormal head impulse test (in setting of acute sustained 

vestibular syndrome)
• No skew deviation

Other Neurological Signs
• Often present
• Normal head impulse test
• Skew deviation

Postural instability
• Unidirectional instability
• Walking preserved

Postural instability
• Severe instability
• Patient often falls when walking

Deafness or Tinnitus
• May be present

Deafness or Tinnitus
• Absent

MRI Brain in a Patient Who Presented With Nausea, Vomiting, and Headache

(A) MRI axial T2-� air. Arrow points to the area of infarct in the posterior inferior cerebellar artery; (B) Corresponding image on the MRI 
di� usion study. Arrow points to the area of infarct.

Major Aphasia Syndromes20

Aphasia Syndrome Characteristics Brain Territory Associated Symptoms

Broca’s aphasia • Non� uency with sparse output
• Agrammatism
• Impaired repetition
• Mild to absent incomprehension 
• Writing de� cit = speech de� cit

• Left frontal lobe • Right hemiparesis
• Oral apraxia

Wernicke’s aphasia • Fluent aphasia
• Markedly impaired comprehension
• Meaningless “word salad”
• Normal cadence and intonation
• Patient unaware of de� cit

• Left temporal lobe • Right superior 
quadrantanopsia

Conduction aphasia • Fluent aphasia
• Impaired repetition
• Frequent paraphasic errors (usually 

phonetic)
• Preserved comprehension 

• Deep parietal white 
matter

• Usually none

Global aphasia • De� cits in all language functions
• Mute or non-word utterances
• Cannot follow commands

• Left frontal and 
temporal lobes

• Right hemiparesis
• Right visual � eld de� cit
• Dementia

Transcortical motor 
aphasia

• Non� uency
• Di�  culty initiating speech
• Good comprehension
• Good repetition
• Writing de� cit = speech de� cit

• Supplementary motor 
area of the frontal lobe

• ACA/MCA watershed

• Hyperre� exia
• Limb weakness
• Apathy

Location of CVT and Associated De� cits34

Location of CVT Focal De� cits

Cavernous sinus Ocular signs such as orbital pain, chemosis, 
proptosis, and oculomotor palsies

Cortical vein thrombosis Motor/sensory de� cits and seizures

Sagittal sinus Motor de� cits, bilateral de� cits, and seizures

Lateral sinus Isolated headache or isolated intracranial 
hypertension syndrome

Jugular vein Isolated pulsatile tinnitus, ± cranial nerve 
palsies

Posterior fossa veins Posterior headache, ± cranial nerve palsies
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