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Reversible Basilar Artery Blood Flow in Subclavian 
Steal Syndrome 

Marc R. Mayberg, M.D., Matthew A. Howard III, M.D., Peter D. LeRoux, M.D., 
David W. Newell, M.D., and H. Richard Winn, M.D. 

Transcranial Doppler ultrasound examination of intracranial vertebral and basilar 
arteries was performed on a 61-year-old man who presented with symptoms of 
amaurosis fugax and subclavian steal syndrome. During arm exercise, flow in the 
basilar artery reversed direction from cephalad to caudaL coincident with symp
toms of vertebrobasilar insufficiency. Following bilateral carotid endarterec
tomies, exercise-induced reverse flow velocities in the basilar artery were mark
edly increased, and the patient remained asymptomatic. These findings suggest 
that collateral flow from the anterior cerebral circulation may play an important 
role in the pathogenesis of brainstem ischemia in subclavian steal syndrome and 
that transcranial Doppler may identify a subgroup of patients who will benefit 
from procedures to augment cerebral blood flow. Key Words: Carotid endarter
ectomy-Subclavian steal syndrome-Transcraniai Doppler-Vertebrobasiiar 
ischemia. 

The term subclavian steal syndrome was first used in 
1961 to describe patients with a combination of angio
graphic and clinical findings suggesting a "steal" of 
blood from the brainstem circulation (16,18,27). The 
angiographic hallmark of this syndrome is high-grade 
stenosis or occlusion of the subclavian artery proxi
mal to the origin of the vertebral artery, with reverse 
blood flow in the vertebral artery ipsilateral to the 
lesion (3,4,15,25,32) . Blood is presumably shunted 
from the posterior circulation into the subclavian 
artery distal to the lesion, supplying collateral flow to 
the affected arm {7,11.17,23,27). Clinically, the syn
drome is manifest by symptoms of vertebrobasilar in
sufficiency associated with upper extremity exercise 
or position, although reductions in posterior circula-
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tion blood flow have not been directlv demonstrated. 
The presence of similar abnormal flow patterns by 
angiography or conventional Doppler ultrasound in 
asymptomatic patients {3,9,15,36) has raised ques
tions regarding the significance of these flow abnor
malities. A high correlation between symptomatic 
subclavian steal syndrome and concurrent anterior 
circulation stenoses (3,15) suggested the potential 
importance of collateral flow in determining ischemic 
symptoms. We present the case of a patient with sub
clavian steal syndrome and bilateral high-grade in
ternal carotid artery stenoses, in whom basilar artery 
blood velocities were determined at rest and with 
exercise using transcranial Doppler (TCD) ultra
sound. 

Case Report 

A 61-year-old man presented to the Seattle VA 
Medical Center with a history of amaurosis fugax and 
symptoms of transient vertebrobasilar ischemia. For 
approximately 10 months he had noted intermittent 
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Figure 1. EaritJ arterial phase of preoperative subtraction angio
gram (a rch iniection) shows web stenosis in proximal imw minate 
arteT1{ (arrowhead). marked/!( diminished flow in left common 
carotid artery (small arrows): and occlusio;1 of the proximal left 
subclavian artery (large arrow). 

episodic diplopia, occasionally associated with drop 
attack. These spells typically lasted 1- 5 min, resolved 
entirelv without residual effect, and were frequently 
precipitated by performing tasks with the left arm. 
One month prior to admission, the patient experi
enced a single episode of blindness in the left eye, 
which completely resolved after 10 min. In retro
spect, he noted a progressive weakness and fatiga
bility in both arms, especially the left, which was 
accentuated by working with his arms above his 
head. 

The neurologic examination was entirely normal. 
Blood pressure measured in the right arm was 150/ 80 
compared to 80/ 50 in the left. There was a dimin
ished pulse over the left carotid and superficial tem
poral arteries and a bruit over the right carotid artery. 
Fundoscopic examination was unremarkable. The 
radial artery pulse on the left was decreased com
pared to the right and disappeared when the arm was 
moderately abducted above the head. 
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Sinus bradycardia was present on the electrocar
diogram, and echocardiography demonstrated mini
mal mitral valve prolapse. Awake and sleep electro
encephalography and computed cranial tomography 
(CCT) were normal. Conventional duplex Doppler 
studies revealed (a) 80-99% stenosis of right internal 
carotid artery, (b) apparent occlusion of the left com
mon and internal carotid arteries with external carot
id artery reconstitution, (c) bilateral subclavian 
stenosis, and (d) retrograde flow in the left extra
cranial vertebral artery. 

Angiography through a right femoral approach 
demonstrated the following (Figs. 1 and 2) : (a) a 60% 
web stenosis in the proximal innominate artery; (b) 
occlusion of the left subclavian artery at its origin; (c) 
filling of the distal left subclavian artery via retrograde 
flow down the left vertebral artery; (d) irregular 80% 
stenosis of the right internal carotid artery that filled · 
both left and right hemispheres; and (e) 95% stenosis 
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Figure 2. Late arterial phase of preoperative subtraction ang~o
gram dmwnstrates fi lling of left subclavian artery via retrograde 
flow th rnugh left vertebral artery (a rrows show direction of flow). 



BASILAR AND VERTEBRAL.BLOOD VELOCITIES 
BY TRANSCRANIAL DOPPLER BEFORE AND 

AFTER CAROTID ENDARTERECTOMIES 

BEFORE 
ENDARTERECTOMY 

47.2! 

Figure 3. Schematic diagram demonstrates intracranial right 
and left verte~ral and basilar artery TCD velocities at rest and after 
left arm exercise. Prior to surgery, exercise produced increased 
cephalad velocity flow in the right vertebral artery. increased 
caudal velocity in the left rertebral artery. and reversal of flow from 
cephalad to caudal in the basilar artery, during which the patient 
had symptoms of vertebrobasilar ischemia. Following bilateral 
carotid endarterectomies. similar alterations in flow occurred after 
ann exercise, but the caudal flow velocit11 was nearl11 doubled in the 
basilar artery, mrd the patient was asy-mptomatic.. 

of the left internal carotid artery and moderate col
lateral filling from left external carotid artery 
branches. 

Preoperative TCD examination was performed as 
described by Aaslid et al. (1,2) using range-gated 
Doppler with an ultrasonic frequency of 2 MHz. Ex
aminations were performed by a qualified technician 
with extensive experience in this technique. The 
patient was examined in the sitting position with the 
head slightly flexed, and blood velocities in the left 
and right intracranial vertebral and basilar arteries 
were determined at rest at depths of 70 mm and 85 
mm, respectively. Mean velocities averaged for five 
measurements in each vessel before exercise were as 
follows (Fig. 3): right vertebral artery, 72.4 cm/s 
cephalad direction; left vertebral artery, 46.4 cm/ s 
caudal (reversed) direction; and basilar artery, 61.6 
cm/s cephalad direction. Concurrent anterior circu
lation TCD determinations could not be obtained at 
any time from the patient, presumably due to ana tom-

REVERSE BASILAR ARTERY FLOW 
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ical limitations of the temporal bone or marked re
ductions in blood velocity (1,2) . 

Exercise testing was performed using a 12-pound 
weight. The patient was instructed to lift the weight 
over his head 15 times with his left arm, then hold the 
weight in his lap while squeezing it continuously with 
his left hand. TCD measurements of the previously 
studied vessels, us!ng the same range settings, were 
obtained immediately after the arm exercise. Aver
ages of mean velocities (five readings per vessel) after 
exercise were as follows (Fig. 3): right vertebral 
artery, 144.8 cm/s cephalad direction; left vertebral 
artery, 101.6 cm/s caudal (reversed) direction; and 
basilar artery, 47.2 cm/s caudal (reversed) direction. 
During exercise testing, the patient complained of 
dizziness, blurred vision, and diplopia. Left-hand 
squeezing was discontinued, and symptoms resolved 
within 2 min. Repeat TCD examination after resolu
tion of symptoms showed that basilar artery blood 
velocity had returned to pre-exercise flows in a ceph
alad direction. 

Carotid endarterectomy was initially performed on 
the left (symptomatic) side. At surgery, an ulcer with 
fibrin thrombus was located just proximal to a focal 
atherosclerotic web producing a residual lumen of 1.5 
mm. Because of the apparent anterior-to-posterior 
circulation collateral flow during subclavian steal, the 
80% internal carotid stenosis on the right (asymp
tomatic) side was operated at 2 weeks after the ini
tial surgery. At surgery, a nonulcerated atheroscle
rotic plaque reduced the residual lumen of the origin 
of the internal carotid artery to 2 mm. The patient 
tolerated both procedures well and was subsequently 
studied by TCD examination at 6 weeks following the 
second procedure. 

Postoperative TCD recordings were performed in a 
manner identical to preoperative measurements. 
After surgery, the magnitude and direction of veloci
ties at rest corresponded closely to those obtained 
preoperatively (Fig. 3). Similarly, left-arm exercise 
increased cephalad flow in the right vertebral artery 
and increased caudal flow in the left vertebral artery, 
compared to measurements at rest. In contrast to pre
operative exercise determinations, however, basilar 
artery caudal (reverse) velocity was nearly doubled 
(84.4 cm/s versus 47.2 cm/s). The patient did not 
develop any neurologic symptoms during prolonged 
exercise. 

Discussion 

This report documents TCD evidence of reversed 
basilar artery flow during symptomatic subclavian 
steal. Moreover, bilateral carotid endarterectomies 
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effectively increased the basilar artery caudal (re
versed) flow velocity during exercise, corresponding 
to a resolution of symptoms ofbrainstem ischemia. In 
this patient, TCD measurements at rest showed re
versal of flow in the left intracranial vertebral artery 
and normal flow direction in the basilar artery (Fig. 3) . 
Exercise of the affected arm caused an increase in 
cephalad flow in the right vertebral and caudal flow in 
the left vertebral, as previously observed in extra
cranial vessels by conventional Doppler (3). During 
exercise, there was reversal of basilar artery blood 
flow, which was temporally related to the onset of 
symptoms of vertebrobasilar insufficiency. Basilar 
artery blood velocity returned to the normal direction 
soon after cessation of exercise and the symptoms re
solved. Following bilateral carotid endarterectomies, 
the reverse (caudal) basilar artery flow during exer- . 
cise was increased, and symptoms of brainstem isch
emia did not occur. These results suggest that sub
clavian steal syndrome may reflect a true "steal" of 
flow from the vertebrobasilar circulation and demon
strate the importance of collateral flow from the an
terior cerebral circulation in the pathogenesis of this 
disorder. 

TCD makes use of low-frequency, range-gated 
Doppler ultrasound to penetrate the bone and soft 
tissue, which effectively block conventional Doppler 
signals (1,2), enabling accurate determination of 
blood velocities in large intracranial arteries. When 
large vessels at the base of the brain maintain a con
stant diameter during changes in blood flow, TCD 
velocity measurements directly reflect changes in 
cerebral blood flow (CBF) (22) . In subclavian steal 
syndrome, brainstem ischemia is presumably not 
accompanied by significant alterations in basilar 
artery diameter; therefore, the observed changes in 
blood velocity detected by TCD probably corre
sponded to changes in CBF. 

Subclavian steal syndrome was first described in 
patients with clinical symptoms of vertebrobasilar 
insufficiency and angiographic evidence of abnormal 
retrograde flow in the vertebral artery ipsilateral to a 
stenotic subclavian artery (15,16,18,27). Typical clin
ical presentation of subclavian steal syndrome may 
include various symptoms of intermittent vertebra
basilar ischemia, usually precipitated by exercise or 
positionoftheaffectedarm (3,10,15,16,27) . Common 
presenting neurologic symptoms include dizziness 
or vertigo (50%), visual blurring (30%), and diplopia 
(15%) (16). Although atheromatous disease is by far 
the most common etiology for subclavian steal syn
drome, congenital lesions (e.g., coarctation or atresia); 
trauma, and arteritis have been reported to produce 
the syndrome (3,4,10) . Lower subclavian artery pres-
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sure (11,17,23,27) promotes the development of seg
mental intervertebral anastomoses (5) or direct verte
bra-vertebral steal (7,25,33) . Exercise of the arm 
ipsilateral to the subclavian stenosis accentuates the 
abnormal flow pattern (24,31) and presumably leads 
to the development of vertebrobasilar ischemia 
(3,10,15,16). The relationship of subclavian steal to 
lesions affecting the anterior circulation or circle of 
Willis has been well documented (7,35), although the 
hemodynamic significance of these lesions is not 
known. The concept of abnormal flow associated 
with subclavian stenosis led to the development of a 
variety of surgical techniques to restore anterograde 
flow in the vertebral artery (1 0, 19). These procedures 
were often associated with high morbidity and have 
not been demonstrated to be more effective than 
medical management in preventing strokes (15) . 

Abnormal conventional Doppler flow patterns in 
subclavian steal syndrome are manifest as asym
metric brachial artery signals and reversed flow 
direction in the extracranial vertebral artery 
(3,8,9,13,19,23,29,36) . Although conventional Dop
pler correlates well with angiographic evidence for 
subclavian stenosis (7, 12), especially when combined 
with cuff occlusion and release of the brachial artery 
(3), this technique cannot differentiate latent flow 
abnormalities from symptomatic lesions (28). The in
cidence of significant subclavian stenosis with ipsi
lateral reversal of vertebral flow varies considerably 
according to the criteria, techniques, and population 
studied. From 6,534 angiograms, Fields and Lemak 
(15) noted 168 (2.4%) patients with subclavian steal 
flow pattern. By conventional Doppler, the incidence 
of abnormal flow patterns consistent with subclavian 
steal has varied from 0.65% (3) to 2.5% (36) . 

The relationship of abnormal Doppler flow pat
terns to symptomatic vertebrobasilar ischemia varies 
in the literature. Early reports estimated the incidence 
of symptoms at 80% or higher (15,30) , although a 
more recent study described symptoms in only 37% 
of patients with this lesion (3) . Nevertheless, in all 
studies, the presence of either abnormal flow pat
terns or symptomatic subclavian steal was not corre
lated with an increased risk of vertebrobasilar stroke. 
In two large retrospective reviews (3,10), no patients 
with subclavian steal developed brainstem strokes, 
although transient ischemia was common. In a pro
spective analysis of asymptomatic patients with ab
normal conventional Doppler flow patterns, only 3 of 
45 developed symptoms, and no infarcts occurred (9) . 
These data suggest that subclavian stenosis with ipsi
lateral reversal of extracranial vertebral flow is infre
quently associated with progression of symptoms and 
has a relatively benign natural history. 



There is a high incidence of other hemodynami
cally significant lesions elsewhere in the craniocere
bral circulation in patients with subclavian steal syn
drome, particularly lesions involving the anterior 
circulation (3,15). It has been suggested that compro
mised collateral flow from the anterior circulation is a 
necessary prerequisite for the development of symp
toms in patients with subclavian stenosis (15,20,23, 
25), although means to document intracranial blood 
flow dynamics during exercise have not been previ
ously available. Clinical investigation and animal 
models of subclavian steal syndrome have demon
strated the importance of intracranial collateral flow 
in the vertebrobasilar circulation. Acute subclavian 
occlusion in primates produced reversed flow in the 
ipsilateral vertebral artery, with associated antero
grade increases in contralateral vertebral and both 
carotid artery flows (27). Although subclavian oc
clusion in primates produced variable reductions in 
cortical and brainstem regional cerebral blood flow 
(rCBF) (26), other investigators (14,16) showed no 
change in rCBF, electroencephalogram, or cortical 
oxygen tension, even in the setting of arm exercise. 
Bentivoglio et al. (6) demonstrated the importance of 
anterior-to-posterior circulation collateral flow dur
ing relative hypotension in a primate model of basilar 
artery occlusion. In humans, variable decreases in 
both brainstem and cortical rCBF and metabolism 
(CMR02) have been demonstrated with subclavian 
steal (21 ,34), although similar changes were observed 
in patients with generalized cerebrovascular athero
matous disease (34) . In patients with reversed verte
bral artery flow by angiography, individuals with 
symptoms of vertebrobasilar insufficiency were near
ly twice as likely to demonstrate a discontinuity of the 
circle of Willis between anterior and posterior circu
lations (2,0) . These findings suggest that posterior 
communicating arteries provide an important source 
of intracranial collateral flow in the setting of verte
brobasilar insufficiency and that development of 
ischemic symptoms may depend on the adequacy of 
this collateral flow. 
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