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A 61-year-old man presented to the emergency de-

partment (ED) for persistent headache that began af-
ter he fell in his bathroom 4 days earlier. He described the 
headache as generalized and constant, rating the severity 
as a 5 on a scale of 0 to 10. The patient denied any associ-
ated neck pain or changes in headache quality with posi-
tion change. He reported a 3-day history of nausea and 
four episodes of vomiting.

Headache after a fall raises concern for intracranial hemor-
rhage, particularly if this patient is on anticoagulant or anti-
platelet medications. Subdural hematoma (SDH) would be 
more likely than epidural or subarachnoid hematoma (SAH) 
given the duration of days without progression. While nausea 
and vomiting are nonspecific, persistent vomiting may indi-
cate increased intracranial pressure (eg, from an intracranial 
mass or SDH), particularly if provoked by positional changes. 
Without a history of fever or neck stiffness, meningitis is less 
likely unless the patient has a history of immunosuppression. 
Secondary causes of headache include vascular etiologies 
(eg, hemorrhagic cerebrovascular accident [CVA], arterial dis-
section, aneurysm, vasculitis), systemic causes (eg, chronic hy-
poxia/hypercapnia, hypertension), or medication overuse or 
withdrawal. In this patient, traumatic head injury with resultant 
postconcussive symptoms, though a diagnosis of exclusion, 
should also be considered. If the patient has a history of mi-
graines, it is essential to obtain a history of typical migraine 
symptoms. More information regarding the mechanism of the 
fall is also essential to help elucidate a potential cause.

 
The patient had a 1-year history of recurrent loss of 

consciousness resulting in falls. After each fall, he 
quickly regained consciousness and exhibited no residual 
deficits or confusion. These episodes occurred suddenly 
when the patient was performing normal daily activities 

such as walking, driving, doing light chores, and standing 
up from a seated position. Immediately before this most 
recent fall, the patient stood up from a chair, walked to-
ward the bathroom and, without any warning signs, lost 
consciousness. He denied dizziness, lightheadedness, nau-
sea, or diaphoresis immediately before or after the fall. He 
also reported experiencing intermittent palpitations, but 
these did not appear to be related to the syncopal epi-
sodes. He denied experiencing chest pain, shortness of 
breath, or seizures.

The differential diagnosis for syncope is broad; therefore, it 
is important to identify features that suggest an etiology re-
quiring urgent management. In this patient, cardiac etiologies 
such as arrhythmia (eg, atrial fibrillation [AF], ventricular tachy-
cardia, heart block), ischemia, heart failure, and structural heart 
disease (eg, valvular abnormalities, cardiomyopathies) must be 
considered. His complaints of intermittent palpitations could 
suggest arrhythmia; however, the absence of a correlation to 
the syncopal episodes and other associated cardiac symptoms 
makes arrhythmias, such as AF, less likely. Medication side ef-
fects provoking cardiac conduction disturbances, heart block, 
or hypotension should be considered. Ischemic heart disease 
and heart failure are possible causes despite the absence of 
chest pain and dyspnea. While the exertional nature of the 
patient’s symptoms could support cardiac etiologies, it could 
also be indicative of recurrent pulmonary embolism or right 
ventricular dysfunction/strain, such as chronic thromboembolic 
pulmonary hypertension (CTEPH).

Neurologic causes of syncope should also be included in the 
differential diagnosis. Seizure is less likely the underlying cause 
in this case since the patient regained consciousness quickly 
after each episode and reported no residual deficits, confusion, 
incontinence, or oral trauma. While less likely, other neurovas-
cular causes can be considered, including transient ischemic 
attack (TIA), CVA, SAH, or vertebrobasilar insufficiency.

Neurocardiogenic syncope is less likely due to lack of a clear 
trigger or classical prodromal symptoms. Without a history of 
volume loss, orthostatic syncope is also unlikely. Other pos-
sibilities include adrenal insufficiency or an autonomic dys-
function resulting from diabetic neuropathy, chronic kidney 
disease, amyloidosis, spinal cord injury, or neurologic diseas-
es (eg, Parkinson disease, Lewy body dementia). Thus far, the 
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provided history is not suggestive of these etiologies. Other 
causes for loss of consciousness include hypoglycemia, sleep 
disorders (eg, narcolepsy), or psychiatric causes.

 
About 10 months prior to this presentation, the pa-

tient had presented to the hospital for evaluation of 
headache and was found to have bilateral SDH requiring 
burr-hole evacuation. At that time, he was on anticoagula-
tion therapy for a history of left superficial femoral vein 
thrombosis with negative workup for hypercoagulability. 
Warfarin was discontinued after the SDH was diagnosed. 
Regarding the patient’s social history, although he report-
ed drinking two glasses of wine with dinner each night and 
smoking marijuana afterward, all syncopal events occurred 
during the daytime.

The history of prior SDH should raise suspicion for recurrent 
SDH, particularly considering the patient’s ongoing alcohol 
use. History of deep vein thrombosis (DVT) and possible exer-
tional syncope might suggest recurrent pulmonary embolism 
or CTEPH as an etiology. DVT and TIA/CVA secondary to par-
adoxical embolism are also possible. Depending on extent of 
alcohol use, intoxication and cardiomyopathy with secondary 
arrhythmias are possibilities.

The basic workup should focus on identifying any acute in-
tracranial processes that may explain the patient’s presentation 
and evaluating for syncope. This includes a complete blood 
count with differential, electrolytes, hepatic panel (based on 
patient’s history of alcohol use), and coagulation studies. Tro-
ponins and B-type natriuretic peptide would help assess for 
cardiac disease, and a urine/serum drug test would be ben-
eficial to screen for substance use. Considering the patient’s 
prior history of SDH, head imaging should be obtained. If the 
patient were to exhibit focal neurologic deficits or persistent 
alterations in consciousness (thereby raising the index of sus-
picion for TIA or CVA), perfusion/diffusion-weighted magnetic 
resonance imaging (MRI) studies should be obtained. If obtain-
ing a brain MRI is not practical, then a computed tomography 
angiogram (CTA) of the head and neck should be obtained. 
A noncontrast head CT would be sufficient to reveal the pres-
ence of SDH. An electroencephalogram (EEG) to assess for 
seizure should be performed if the patient is noted to have 
any focal neurologic findings or complaints consistent with sei-
zure. With possible exertional syncope, an electrocardiogram 
(ECG) and transthoracic echocardiogram (with bubble study to 
assess for patent foramen ovale) should be obtained urgently.

 
The patient had a history of hypertension and irritable 
bowel syndrome, for which he took metoprolol and du-

loxetine, respectively. Eight months prior to the current ED 
presentation, he was admitted to the hospital for a syncope 
workup after falling and sustaining a fractured jaw and torn 
rotator cuff. ECG and continuous telemetry monitoring 
showed normal sinus rhythm, normal intervals, and rare ep-
isodes of sinus tachycardia, but no evidence of arrhythmia. 
An echocardiogram demonstrated normal ejection fraction 

and chamber sizes; CT and MRI of the brain showed no re-
sidual SDH; and EEG monitoring showed no seizure activity. 
It was determined that the patient’s syncopal episodes 
were multifactorial; possible etiologies included episodic 
hypotension from irritable bowel syndrome−related diar-
rhea, paroxysmal arrhythmias, and ongoing substance use.

The patient was discharged home with a 14-day Holter 
monitor. Rare episodes of AF (total burden 0.4%) were de-
tected, and dronedarone was prescribed for rhythm con-
trol; he remained off anticoagulation therapy due to the 
history of SDH. Over the next few months, cardiology, 
electrophysiology, and neurology consultants concluded 
that paroxysmal AF was the likely etiology of the patient’s 
syncopal episodes. The patient was considered at high risk 
for CVA, but the risk of bleeding from syncope-related falls 
was too high to resume anticoagulation therapy.

One month prior to the current ED presentation, the 
patient underwent a left atrial appendage closure with 
a WATCHMAN implant to avoid long-term anticoagula-
tion. After the procedure, he was started on warfarin with 
plans to permanently discontinue anticoagulation after 6 to 
8 weeks of completed therapy. He had been on warfarin 
for 3 weeks prior the most recent fall and current ED visit. 
At the time of this presentation, the patient was on drone-
darone, duloxetine, metoprolol, and warfarin. On exam, 
he was alert and in no distress. His temperature was  
36.8 °C, heart rate 98 beats per minute, blood pressure (BP)  
110/75 mm Hg (with no orthostatic changes), respiratory 
rate 18 breaths per minute, and oxygen saturation 95% on 
room air. He had a regular heart rate and rhythm, clear lung 
fields, and a benign abdominal exam. He was oriented to 
time, place, and person. His pupils were equal in size and 
reactive to light, and sensation and strength were equal 
bilaterally with no focal neurologic deficits. His neck was 
supple, and head movements did not cause any symptoms. 
His musculoskeletal exam was notable for right supraspina-
tus weakness upon abduction of arm to 90° and a positive 
impingement sign. ECG showed normal sinus rhythm with 
normal intervals. Laboratory findings were notable only for 
an international normalized ratio of 4.9. CT of the head did 
not show any pathology. The patient was admitted to the 
medicine floor for further evaluation.

At this point in his clinical course, the patient has had a thor-
ough workup—one that has largely been unrevealing aside 
from paroxysmal AF. With his current presentation, acute in-
tracranial causes remain on the differential, but the normal CT 
scan essentially excludes hemorrhage or mass. Although pre-
vious MRI studies have been negative and no focal neurologic 
findings have been described throughout his course, given the 
patient’s repeated presentations for syncope, intracranial ves-
sel imaging should be obtained to exclude anatomical abnor-
malities or focal stenosis that could cause recurrent TIAs. 

Seizure is also a consideration, but prior EEG and normal 
neurologic exam make this less likely. While cardiac work-
up for syncope has been reassuring, the patient’s history of 
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AF should continue to remain a consideration even though 
this is less likely the underlying cause since he is now taking 
dronedarone. He should be placed on telemetry upon admis-
sion. While negative orthostatic vital signs make orthostatic 
syncope less likely, this could be confounded by use of beta- 
blockers. Overall, the patient’s case remains a challenging one, 
with the etiology of his syncope remaining unclear at this time.

 
During this hospitalization, possible etiologies for re-

current syncope and falls were reviewed. The burden of 
verifiable AF was too low to explain the patient’s recurrent 
syncopal episodes. Further review of his medical record re-
vealed that a carotid ultrasound was obtained a year earlier 
in the course of a previous hospitalization. The ultrasound 
report described patent carotid arteries and retrograde flow 
in the left vertebral artery consistent with ipsilateral subcla-
vian stenosis. At the time, the ultrasound was interpreted as 
reassuring based on the lack of significant carotid stenosis; 
the findings were thought to be unrelated to the patient’s 
syncopal episodes. On further questioning, the patient not-
ed that minimal exertion such as unloading a few items from 
the dishwasher caused left arm pain and paresthesia, accom-
panied by headache and lightheadedness. He also reported 
using his left arm more frequently following a right shoulder 
injury. Repeat physical exam found an inter-arm systolic BP 
difference (IASBPD) >40 mm Hg and left-arm claudication. 
CT-angiogram of the neck was obtained and showed total 
occlusion of the left proximal subclavian artery, patent bilat-
eral internal carotid arteries, and retrograde flow in the left 
vertebral artery (Figure 1).

Subclavian steal syndrome (SSS) results from compromised 
flow to the distal arm or brainstem circulation due to a proxi-
mal subclavian artery occlusion or stenosis (prior to the origin 
of the vertebral artery).1,2 Subclavian stenosis may cause low-
ered pressure in the distal subclavian artery, creating a gradient 
for blood flow from the contralateral vertebral artery through 
the basilar artery to the ipsilateral vertebral artery, ultimately 
supplying blood flow to the affected subclavian artery distal to 
the occlusion (subclavian steal phenomenon). Flow reversal in 
the vertebrobasilar system can result in hypoperfusion of the 
brainstem (ie, vertebrobasilar insufficiency, which can cause a 
variety of neurologic symptoms, including SSS). While athero-
sclerosis is the most common cause of subclavian steal, it may 
be due to other conditions (eg, Takayasu arteritis, thoracic out-
let syndrome, congenital heart disease).

Clinically, although many patients with proximal subclavian 
stenosis are asymptomatic (even in cases wherein angiograph-
ic flow reversal is detected), it is critical that clinicians be fa-
miliar with common symptoms associated with the diagnosis. 
Symptoms may include arm claudication related to hypoper-
fusion of the extremity, particularly when performing activities, 
as was observed in this patient. Neurologic symptoms are less 
common but include symptoms consistent with compromised 
posterior circulation such as dizziness, vertigo, ataxia, diplopia, 
nystagmus, impaired vision (blurring of vision, hemianopia), 

otologic symptoms (tinnitus, hearing loss), and/or syncope  
(ie, “drop attacks”). The patient’s initial complaints of sudden 
syncope are consistent with this presentation, as are his history 
of headache and lightheadedness upon use of his left arm.

Diagnostically, a gradient in upper extremity BP >15 mm Hg 
(as seen in this patient) or findings of arterial insufficiency would 
suggest subclavian stenosis. Duplex ultrasound is a reliable 
imaging modality and can demonstrate proximal subclavian 
stenosis (sensitivity of 90.9% and specificity of 82.5% for pre-
dicting >70% of stenosis cases) and ipsilateral vertebral artery 
flow reversal.1 Transcranial Doppler studies can be obtained 
to assess for basilar artery flow reversal as well. CTA/MRA can 
help delineate location, severity, and cause of stenosis. How-
ever, detection of vertebral or basilar artery flow reversal does 
not always correlate with the development of neurologic  
symptoms.

For patients with asymptomatic subclavian stenosis, medical 
management with aspirin, beta-blockers, angiotensin-converting 
enzyme inhibitors, and statins should be considered given the 
high likelihood for other atherosclerotic disease. Manage-
ment of SSS may include percutaneous/surgical intervention 
in combination with medical therapy, particularly for patients 
with severe symptomatic disease (arm claudication, posterior 
circulation deficits, or coronary ischemia in patients with history 
of coronary bypass utilizing the left internal mammary artery).

FIG 1. Computed Tomography Angiography of the Patient’s Neck. Computed 
tomography angiography revealed total occlusion of the left proximal subclavi-
an artery, patent bilateral internal carotid arteries, and retrograde flow in the left 
vertebral artery.
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The patient was diagnosed with SSS. Cardiovascular 

Medicine and Vascular Surgery services were asked to 
evaluate the patient for a revascularization procedure. Be-
cause the patient’s anterior circulation was intact, several 
specialists remained skeptical of SSS as the cause of his 
syncope. As such, further evaluation for arrhythmia was 
recommended. The patient’s arm claudication was thought 
to be due to SSS; however, the well-established retrograde 
flow via the vertebral artery made a revascularization pro-
cedure nonurgent. Moreover, continuation of warfarin was 
necessary in the setting of his recent left atrial appendage 
closure and prior history of DVT. It was determined that the 
risks of discontinuing anticoagulation in order to surgically 
treat his subclavian stenosis outweighed the benefits. In 
the meantime, brachial-radial index measurement and a 
30-day event monitor were ordered to further assess for 
arrhythmias. The patient reported being overwhelmed by 
diagnostic testing without resolution of his syncopal epi-
sodes and missed some of his scheduled appointments. 
One month later, he fell again and sustained vertebral frac-
tures at C1, C4, and L1, and a subsequent SDH requiring 
craniotomy with a bone flap followed by clot evacuation. 
The 30-day event monitor report did not reveal any ar-
rhythmias before, during, or after multiple syncopal events 
that occurred in the period leading up to this fall. The pa-
tient later died in a neurology intensive care unit.

DISCUSSION
SSS often stems from atherosclerotic arterial disease that leads 
to stenosis or occlusion of the proximal subclavian artery, caus-
ing decreased pressure distal to the lesion. The left subclavian 
artery is affected more often than the right because of its acute 
angle of origin, which presumably causes turbulence and pre-
disposes to atherosclerosis.3 Compromised blood flow to the 
arm causes exertional arm claudication and paresthesia. The 
compensatory retrograde flow in the ipsilateral vertebral artery 
causes symptoms of vertebrobasilar insufficiency such as diz-
ziness, vertigo, and syncope (Figure 2). This conglomerate of 
symptoms from subclavian steal, by definition, comprises SSS. 
The most remarkable signs of SSS are IASBPD >20 mm Hg 
and, less commonly, reproducible arm claudication.

Diagnosis of SSS requires a careful correlation of clinical histo-
ry, physical examination, and radiologic findings. More than 80% 
of patients with subclavian disease have concomitant lesions 
(eg, in carotid arteries) that can affect collateral circulation.4 
While symptoms of SSS may vary depending on the adequacy 
of collaterals, patent anterior circulation does not, by default, 
prevent SSS in patients with subclavian stenosis.3 In one study, 
neurologic symptoms were found in 36% of individuals with sub-
clavian stenosis and concomitant carotid atherosclerotic lesions, 
and in only 5% in patients without carotid lesions.5 

A key step in diagnosis is measurement of bilateral arm BP 
as elevated IASBPDs are highly sensitive for subclavian steal. 
More than 80% of patients with IASBPD >20 mm Hg have evi-
dence of this condition on Doppler ultrasound.3 Higher differ-
entials in BP correlate with occurrence of symptoms (~30% of 

patients with IASBPD 40-50 mm Hg, and ~40% of those with 
IASBPD >50 mm Hg).6

The severity of subclavian stenosis is traditionally classified 
by imaging into three separate grades or stages based on the 
direction of blood flow in vertebral arteries. Grade I involves 
no retrograde flow; grade II involves cardiac cycle depen-
dent alternating antegrade and retrograde flow; and grade 
III involves permanent retrograde flow (complete steal).7 Our 
patient’s care was impacted by an unsupported conventional 
belief that grade II SSS may involve more hemodynamic insta-
bility and produce more severe symptoms compared to per-
manent retrograde flow (grade III), which would result in more 
stability with a reset of hemodynamics in posterior circulation.7 
This hypothesis has been disproven in the past, and our pa-
tient’s tragic outcome also demonstrates that complete steal 
is not harmless.8 Our patient had permanent retrograde flow 
in the left vertebral artery, and he suffered classic symptoms 
of SSS, with devastating consequences. Moreover, increased 
demand or exertion can enhance the retrograde flow even in 
Grade III stenosis and can precipitate neurologic symptoms of 
SSS, including syncope. This case provides an important les-
son: Management of patients with SSS should depend on the 
severity of symptoms, not solely on radiologic grading. 

Management of SSS is often medical for atherosclerosis and 
hypertension, especially if symptoms are mild and infrequent. 
Less than 10% patients with radiologic evidence of subclavian 
stenosis are symptomatic, and <20% patients with symptom-
atic SSS require revascularization.3 Percutaneous transluminal 
angioplasty (PTA) and stenting have become the most favored 
surgical approach rather than extra-anatomic revascularization 
techniques.7 Both endovascular interventions and open revas-
cularization carry an excellent success rate with low morbidity. 
Patients undergoing PTA have a combined rate of 3.6% for CVA 
and death9 and a 5-year primary patency rate10 of 82%. Bypass 

FIG 2. Left Subclavian Stenosis. This figure illustrates left subclavian stenosis 
with compensatory retrograde flow in the ipsilateral vertebral artery.

Abbreviation: IASBPD, inter-arm systolic blood pressure difference.
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surgery appears similarly well-tolerated, with low perioperative 
CVA/mortality, and a 10-year primary patency rate of 92%.11 
For patients with SSS and coexisting disease in the anterior 
circulation, carotid endarterectomy is prioritized over subcla-
vian revascularization as repair of the anterior circulation often 
resolves symptoms of SSS.12

In our patient, SSS presented with classic vertebrobasilar 
and brachial symptoms, but several features of his presentation 
made the diagnosis a challenge. First, his history suggested 
several potential causes of syncope, including arrhythmia, or-
thostatic hypotension, and substance use. Second, he reported 
arm paresthesia and claudication only when specifically prompt-
ed and after a targeted history was obtained. Third, there were 
no consistent triggers for his syncopal episodes. The patient 
noted that he lost consciousness when walking, driving, doing 
light chores, and arising from a seated position. These atypical 
triggers of syncope were not consistent with any of the illnesses 
considered during the initial workup, and therefore resulted in 
a broad differential, delaying the targeted workup for SSS. The 
wisdom of parsimony may also have played an unintended role: 
In clinical practice, common things are common, and an expla-
nation of most or all symptoms with a known diagnosis is often 
correct rather than the addition of uncommon disorders. 

Unfortunately, this patient kept falling through the cracks. Sev-
eral providers believed that AF and alcohol use were the likely 
causes of his syncope. This assumption enabled a less-than-rig-
orous appraisal of the critical ultrasound report. If SSS had been 
on the differential, assessing the patient for the associated signs 
and symptoms might have led to an earlier diagnosis.

KEY TEACHING POINTS
•	 SSS should be included in the differential diagnosis of pa-

tients with syncope, especially when common diagnoses 
have been ruled out. 

•	 Incidentally detected retrograde vertebral flow on ultra-
sound should never be dismissed, and the patients should 
be assessed for signs and symptoms of subclavian steal. 

•	 A difference in inter-arm systolic blood pressure >20 mm Hg 
is highly suggestive of subclavian stenosis.

•	 SSS has excellent prognosis with appropriate medical treat-
ment or revascularization.
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