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Summary

  Subclavian ‘steal’ phenomenon is a function of the proximal subclavian artery (SA) steno-occlu-
sive disease, with subsequent retrograde blood flow in the ipsilateral vertebral artery (VA). The 
symptoms from the compromised vertebrobasilar and brachial blood flows constitute the subcla-
vian steal syndrome (SSS), and include paroxysmal vertigo, drop attacks and/or arm claudication. 
Once thought to be rare, the emergence of new imaging techniques has drastically improved its di-
agnosis and prevalence. The syndrome, however, remains characteristically asymptomatic and sole-
ly poses no serious danger to the brain. Recent studies have shown a linear correlation between in-
creasing arm blood pressure difference with the occurrence of symptoms. Atherosclerosis of the 
SA remains the most common cause. Doppler ultrasound is a useful screening tool, but the diag-
nosis must be confirmed by CT or MR angiography. Conservative treatment is the initial best ther-
apy for this syndrome, with surgery reserved for refractory symptomatic cases. Percutaneous angio-
plasty and stenting, rather than bypass grafts of the subclavian artery, is the widely favored surgical 
approach. Nevertheless, large, prospective, randomized, controlled trials are needed to compare 
the long-term patency rates between the endovascular and open surgical techniques.

 key words:	 subclavian	steal	syndrome	•	subclavian	artery	stenosis	•	retrograde	blood	flow

 Full-text PDF: http://www.medscimonit.com/fulltxt.php?ICID=882721

 Word count: 2985
 Tables: —
 Figures: 5
 References: 52

 Author’s address: Marios Loukas, Department of Anatomical Sciences, St. George’s University, School of Medicine, Grenada, West 
Indies, e-mail: mloukas@sgu.edu

Received: 2011.08.11
Accepted: 2011.08.25
Published: 2012.05.01

RA57

Review Article
WWW.MEDSCIMONIT.COM© Med Sci Monit, 2012: 18(5): RA57-63

PMID: 22534720

RA

Current Contents/Clinical Medicine • IF(2010)=1.699 • Index Medicus/MEDLINE • EMBASE/Excerpta Medica • Chemical Abstracts • Index Copernicus



Historical Background

Subclavian steal phenomenon occurs when a subclavian ar-
tery stenosis proximal to the vertebral origin causes retro-
grade flow in the ipsilateral vertebral artery. Contorni [1] 
was the first to recognize and describe this retrograde flow 
in 1960 using angiography in a patient who had an absent ra-
dial pulse. A year later, Reivich [2] associated this phenome-
non with transient ischemic attack (TIA) and hence became 
the first scientist to correlate it with neurological symptoms. 
The term “subclavian steal”, however, was coined by Fisher 
[3] in 1961. This was after he reviewed Reivich’s article and 
observed that the anomaly caused the ipsilateral subclavian 
artery to receive retrograde flow from the contralateral circu-
lation at the expense of the vertebro-basilar circulation [3].

Subclavian steal syndrome (SSS) has since been defined 
as a group of symptoms that arise from this reversed blood 
flow in the ipsilateral vertebral artery. It is often a differen-
tial diagnosis in any patient who presents with a pulse def-
icit or a systolic blood pressure difference of greater than 
20 mmHg between the arms [4]. The subclavian steal, in 
the absence of other anatomical anomalies, is usually as-
ymptomatic and often an incidental finding. Rarely, how-
ever, some patients may provoke the syndrome with exer-
cise and present with transient ipsilateral arm claudication, 
ataxia and/or angina. The latter is prominent in those un-
dergoing coronary artery bypass graft (CABG) surgery with 
the left internal mammary artery (LIMA) as the graft [5].

Angiography was the initial test used to screen for subcla-
vian steal, with only high probability patients being inves-
tigated [6]. This selection bias in testing gave the false im-
pression that SSS was not only rare, but also symptomatic 
[7]. However, with the emergence of noninvasive techniques 
such as ultrasound in 1970 and magnetic resonance angiog-
raphy (MRA) in 1992, a greater number of asymptomatic 
patients have been identified, reflecting the more benign 
nature of the condition [8,9]. The prevalence and natural 
history of SSS has, nevertheless, only recently been recent-
ly reported [10].

In this review, we aim to present the epidemiology, etiolo-
gy, pathophysiology and common variants of the subclavi-
an steal syndrome. We also present the current recommen-
dations on the best approach to diagnosis and treatment of 
this syndrome based on recent findings.

anatomy and PatHoPHysiology

Subclavian steal phenomenon often involves high-grade ste-
nosis and/or occlusion of the subclavian artery, leading to a 
decrease in the SA pressure distal to the lesion (Figure 1). 
If the stenosis is severe and the affected arm is exerted, 
this pressure drop can cause the blood flow in the ipsilat-
eral vertebral artery to reverse, stealing the blood from the 
unaffected SA via the contralateral vertebral artery in or-
der to ensure adequate blood supply to the involved arm. 
Vigorous exercise of the arm and a sudden sharp turning 
of the head in the direction of the affected side have so far 
been shown to provoke the symptoms [11,12].

The pathophysiologic mechanism behind the subclavian steal 
via the vertebral artery is similar to the one involving coronary 

arteries, except that different vessels are involved. The cor-
onary subclavian steal syndrome (CSSS) has been defined 
as the reversal of flow in a previously constructed internal 
mammary artery (most often left internal mammary artery) 
and left coronary artery bypass graft, leading to myocardial 
ischemia [4] (Figure 2). The proximal subclavian artery ste-
nosis in this scenario causes reversed flow in the ipsilateral 
IMA coronary artery graft. The potential red flags for CSSS 
include refractory unstable angina in a patient with a histo-
ry of CABG [13] and/or impaired weaning of such patients 
after cardiopulmonary bypass [14]. More recently, cardiac 
arrest from ventricular fibrillation has been reported [15].

Prevalence

 Most literatures report the prevalence of subclavian steal syn-
drome as between 0.6% to 6.4% [4,16]. The Joint Study of 

Figure 1.  Schematic drawing showing a left-sided subclavian steal 
syndrome. Note that the lesion occurs just proximal to the origin 
of the left vertebral artery. SA – Subclavian Artery. (Redrawn 
and modified with permission from Grant et al., 2006).
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Extracranial Arterial Occlusion by Fields et al. yielded 2.5% 
incidence (168/6534), with only 5.3% of these patients ex-
periencing neurological symptoms [17]. The most recent 
large-scale prevalence study by Labropoulos et al. [10] cor-
roborates these previous findings, with 5.4% of SSS cases 
found after a series of 7881 ultrasound exams of the extra-
cranial neck vessels.

The acquired subclavian steal phenomenon is mostly left-
sided [4,18] with Labropoulos et al. [10] reporting 82.3% 
of their cases. Most authors estimate the ratio between the 
left-and right-side subclavian steal to be 4:1. The proposed 
explanation is that the acute angle of origin of the left sub-
clavian artery increases flow turbulence and accelerates ath-
erosclerosis at the subclavian-aortic junction [19]. The left 
subclavian artery is also the most commonly affected artery 
in Takayasu arteritis (85% of cases), a rare cause of the sub-
clavian steal syndrome [20,21].

Males are affected by the atherosclerotic subclavian steal 
phenomenon more than females by a ratio of about 2:1. 
Patients above the age of 50 are also more likely to pres-
ent with subclavian steal syndrome, most likely due to in-
creased atherosclerosis in this age group. The steal from 
Takayasu’s disease, however, presents far earlier (30 years 
in 90% of cases) and more commonly in the female gen-
der [17]. A study by Watts and his colleagues [20] report-
ed that in the Far East, Takayasu’s arteritis was the cause 
in 36% (9/25) of patients requiring surgery to correct the 

subclavian steal syndrome, with the remaining cases stem-
ming from atherosclerosis.

etiology

Atherosclerotic vascular disease is the most common cause 
of both the subclavian steal phenomenon as well as the syn-
drome [17,18]. The risk factors for SSS are thus similar to 
those of atherosclerotic diseases and include smoking, hy-
perlipidemia, hypertension, diabetes mellitus, Family History 
and age. Other rare causes of subclavian steal include aor-
tic dissection, Takayasu’s arteritis [17,22], external com-
pression on the subclavian artery and anatomical anoma-
lies such as an isolated innominate artery [23].

Rare cases of congenital subclavian steal have also been de-
scribed, with one review by Luetmer and Miller [24] report-
ing approximately 40 cases. An anomalous right-sided aortic 
arch may result in a congenital left-sided steal by way of an 
isolation of the left subclavian artery from the aorta [25]. In 
such circumstances, the left subclavian artery is connected to 
the left pulmonary artery via patent ductus arteriosus. The 
congenital pulmonary steal occurs in such a scenario when 
the reversed blood flow from the ipsilateral vertebral artery 
is directed into the isolated subclavian artery and eventual-
ly pulmonary artery. This phenomenon has been shown in 
isolated left subclavian artery coexisting with Tetralogy of 
Fallot [26]. The left arm in such circumstances is perfused 
by muscular collaterals from the left external carotid artery 
flowing into the distal left subclavian artery. Alternatively, a 
left-sided aortic arch may result in a left- or right-sided steal 
by proximal atresia of the involved subclavian artery. A re-
cently described incidental finding of a right-sided congen-
ital subclavian steal from proximal right subclavian artery 
atresia by Dainton et al. [27] is a classic example (Figure 3).

Figure 2.  Schematic diagram showing the retrograde from the left 
coronary artery through the mammary artery bypass 
grafts in a patient with left subclavian artery Stenosis. 
(Reproduced and modified with permission from Takach et 
al., 2006).

Figure 3.  Posterior magnetic resonance angiographic (MRA) view of 
the aortic arch showing the atresia of the right proximal 
subclavian artery (RSA). An enlarged intercostal artery is 
seen emerging from the right side of the descending aorta. 
(Reproduced and modified with permission from Dainton 
et al, 2010).
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classification

The subclavian steal phenomenon has been characterized 
either by the territory from which the blood is “stolen” [28] 
or the severity of hemodynamic disturbances in the verte-
bral artery [29]. Territories are classified as vertebral-verte-
bral, carotid-basilar, external carotid-basilar, or carotid-sub-
clavian. A case has also been reported of a patient who had 
partial bilateral (carotid – carotid and carotid – vertebral) 
subclavian steal syndrome, with blood supply to both arms 
somewhat maintained by collateral vessels [30].

Severity is classified into three stages or grades:

Grade I (pre-subclavian steal): reduced antegrade verte-
bral flow,

Grade II (intermittent/partial/latent): alternating flow – 
antegrade flow in the diastolic phase and retrograde flow 
in the systolic phase,

Stage III (permanent/advanced): permanent retrograde 
vertebral flow.

A recent study by Labropoulos et al. [10] has shown that the 
prevalence of a complete steal increases with higher arm 
blood pressure differentials (PD) (Figure 4). They discov-
ered that an arm PD >40 mm Hg was associated with signif-
icantly increased prevalence of partial and complete steal, 
with a greater proportion of the latter. All the patients un-
der study who had no identified steal on ultrasound had a 
PD <40 mm Hg [10]. This corroborates an earlier finding by 
Tan and his colleagues [4] who reported a modest correla-
tion between vertebral arterial waveforms and the blood pres-
sure differentials in patients with subclavian steal syndrome.

Presentation: signs and symPtoms

SSS benign condition since the reversed blood flow in the ip-
silateral vertebral artery often serves as an effective collateral 

pathway for the affected arm [31]. Significant ischemia of 
the arm is therefore rare, even in patients who have com-
plete occlusion of the proximal subclavian artery [16,32]. 
Some authors have suggested that the patients who develop 
symptoms from this phenomenon usually have additional 
vascular pathology involving either the intracranial or ex-
tra-cranial vessels [33]. However, while there is some log-
ic to this assertion, cases of patients who had no significant 
stenosis in any other cervical or intracranial artery yet still 
suffered from chronic posterior circulation ischemia as a 
result of SSS has also been reported [34].

Recent studies have shown a linear correlation between in-
creasing arm BP differential with the occurrence of symp-
toms [4,10], with symptoms reported to be more common 
in patients with higher blood pressure differentials. These 
studies have validated the use of arm BP differential as a pre-
dictor of the severity of the syndrome. While only 1.38% of 
their patients with a BP difference of 20 to 30 mm Hg were 
symptomatic, Labropoulos et al.[10] reported that this per-
centage rose to 38.5% in the group of patients with BP dif-
ference ≥50 mm Hg (Figure 5). Interestingly, patients who 
hemodynamically belong to grade II often have symptoms 
from the posterior circulation more than patients with per-
manent retrograde blood flow in the vertebral artery [35].

The ischemic symptoms are probably associated with in-
adequate collateral circulation, and arise from decreased 
perfusion of either the brain, affected arm, and in cases of 
CSSS, the heart [5,12]. The vertebrobasilar symptoms in-
clude paroxysmal vertigo, dizziness, diplopia, ataxia, dys-
arthria and syncopal attacks. Ischemia to the hand often 
manifests as arm weakness, claudication, paresthesias or 
coldness in the arm [11,12].

Case reports of hemispheric symptoms have also been re-
ported by several authors [11,16]. However, Labropoulos 
et al. have refuted these findings as erroneous, arguing that 
they were confounded by commonly coexisting diseases of 
the anterior circulation, such as carotid stenosis [10]. They 
cited a study by Hennerici et al. [16] to support their claim. 
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Hennerici and his colleagues [16] initially reported a 36% 
incidence of neurologic symptoms due to SSS, only to drop 
to 5% after eliminating the symptoms due to the anterior 
circulation pathology.

The coronary-subclavian steal symptom usually manifests 
as a refractory unstable angina, often during coronary re-
vascularization after the CABG surgery. Since the internal 
mammary artery is often anastomosed with the left coronary 
artery, and the blood flow in the IMA is dependent on an 
adequate arterial pressure in the subclavian artery, subcla-
vian stenosis can lead to a reversal of flow through the graft 
from the coronary to the subclavian circulation, resulting 
in myocardial ischemia [36,37].

screening and diagnosis

Transient and provocative symptoms, if they occur, of-
ten characterize the history of subclavian steal syndrome. 
However, chronic symptoms have also been described. 
Recently, Sharma et al. reported the case of a 58-year-old 
man who had complained of progressive ataxia and apha-
sia for six months. When they evaluated him, he was found 
to suffer from chronic brain stem ischemia due to subcla-
vian steal syndrome [34]. Similarly, Peera et al. [22] evalu-
ated a 48-year-old woman with a chronic history of left arm 
claudication and syncope and found that she had subclavi-
an steal syndrome from Takayasu arteritis.

An arm blood pressure difference greater than 20 mm Hg 
has been proven to be a sensitive threshold for the detec-
tion of the subclavian steal. The prevalence of the syndrome 
in patients fulfilling this criterion ranges from 78% to 88% 
[16], with Tan et al. [4] reporting a slightly lower percent-
age of 55%. In most cases, the affected arm will also have 
a weakened or absent radial and ulnar pulses. An audible 
bruit over the supraclavicular fossa can also be heard on aus-
cultation. Unless the patient is symptomatic at the time of 
neurological examination, there are no neurological signs 
associated with the subclavian steal phenomenon.

The non-invasive Colour-coded Doppler or transcranial 
Doppler ultrasonography is now regarded by many authors 
as the standard bed-side screening tool for subclavian steal 
phenomenon [15]. It is not only useful in assessing the se-
verity of the vertebral-steal hemodynamics, but can also show 
other lesions in the neck vessels. Transcranial Doppler may 
also be used to further characterize the flow changes in the 
posterior circulation [38,39].

The hyperemia – ischemia cuff test is diagnostic test often 
monitored with the ultrasound to uncover any occult steal. 
It is normally induced by inflating the arm blood pressure 
cuff to at least 20 mm Hg above the systolic blood pressure 
for a few minutes. A rapid deflation of the cuff will lead to 
increased blood flow in the arm, and if the patient has a hid-
den subclavian steal, there will be a reversal of blood flow 
in the ipsilateral vertebral artery. This retrograde flow can 
be observed using the ultrasound [40].

CT or MR angiography is the confirmatory tests for any sus-
pected subclavian steal cases found on ultrasound exams. 
This is because not all retrograde vertebral flow seen on 
ultrasound examinations constitute true subclavian steal. 

Some have been shown to stem from proximal vertebral 
artery stenosis or occlusion. These techniques can directly 
show the anatomical features of subclavian stenosis or oc-
clusion, the presence of retrograde vertebral flow as well as 
any associated extracranial and intracranial stenoses [10,39].

management

Only a small percentage of patients with subclavian steal 
phenomenon need any therapeutic intervention at all, with 
Labropoulos et al. [10] reporting just 1.4% of the 7881 pa-
tients (or 18.4% of their symptomatic cases). In the same 
study, they also showed that the blood pressure difference 
between the arms correlated with the need for intervention, 
since the majority of their patients who underwent surgi-
cal management had higher arm BP differentials and/or 
complete steal [10].

Thus, for patients with only isolated symptoms, conserva-
tive treatments alone are currently recommended, regard-
less of the degree of “steal” in the vertebral artery [10,41]. 
Such regimen primarily involves reducing the risk for sub-
clavian arterial atherosclerosis and includes treating hyper-
tension, diabetes mellitus and hyperlipidemia, in addition 
to smoking cessation. Such patients should be monitored 
periodically in out-patient clinics using ultrasound.

The open surgical options such as bypass grafting, or en-
dovascular treatments involving angioplasty and stenting, 
are often reserved for serious clinical symptoms. They have 
been shown to be relatively safe procedures with consider-
able amounts of symptomatic relief [42,43].

Carotid – subclavian bypass surgery has been used success-
fully in patients who have isolated steno-occlusive subcla-
vian disease. Patency rates have been reported as high as 
95% at 10 years [44–46]. The now widely cited retrospec-
tive study by AbuRahma and colleagues [46] of the results 
of 51 carotid-subclavian bypass surgeries showed no mor-
tality after almost 8 years of follow-up, with symptoms re-
curring in only four of the patients. More recently, Qi et 
al. [47] have reported a series of operations with a success 
rate of up to 98.11% (52 out of 53 cases). Only one compli-
cation of thrombogenesis occurred at an anastomotic site 
[47]. After an average of 24.5 months of follow-up, there was 
no mortality and the postoperative graft patency rate, con-
firmed by Doppler ultrasound, was 100%. All the vertebro-
basilar and arm ischemic symptoms had also disappeared. 
This revascularization technique is therefore still regarded 
as a low-risk procedure for symptomatic patients whose do-
nor carotid arteries lack significant atherosclerotic disease.

The development of endovascular therapy has fundamen-
tally changed the management of subclavian steal syndrome 
patients. Similar clinical outcomes to open surgical meth-
ods can now be achieved with minimal risks under local an-
esthesia [48–50]. A retrospective study done by De Vries et 
al. [42], where they analyzed 110 patients treated with per-
cutaneous transluminal angioplasty and followed them for 
almost 3 years, showed that patency was achieved in 93% of 
patients who had subclavian stenosis and in 65% who had 
occlusion [42]. More recently, Wang et al. [49] reported a 
technical success rate of 95.1% (58/61) with angioplasty and 
stenting procedure that they conducted over 10 years. At 
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12 month follow-up, the primary patency was 98%, a num-
ber which dropped to 82% at 5 years [49].

Our review found only few studies comparing these surgical 
approaches, with no long-term results published [51,52]. 
Linni et al. [51] compared prospective data which was retro-
spectively analyzed of 40 patients who underwent the stent-
supported percutaneous transluminal angioplasty (sPTA) 
and 34 patients who had subclavian-to-carotid artery trans-
position (SCT). They reported that the primary sPTA failed 
in 48% of occlusions (30% of all sPTAs), while all of the 
SCTs were successful. As a result of this experience, they 
recommended that the primary sPTA should be used for 
SA stenosis and surgery reserved for the SA occlusions [51].

conclusions

We have reviewed the subclavian steal phenomenon, a com-
mon but relatively benign condition. Once thought to be 
rare, the emergence of new imaging techniques and inter-
ventions has shown marked increase in both its diagnosis 
and management. On its own, it rarely poses any significant 
risk of brain damage and/or death. However, since it often 
co-exists with other atherosclerotic diseases, it may mask oth-
er serious vascular disorders and should be considered in 
the differential diagnosis of patients who present with symp-
toms such as transient ischemic attacks or cardiac angina.

Lastly, our review affirms that the surgical treatment of sub-
clavian steal syndrome yields good prognosis, but the deci-
sion to intervene surgically should be based on the symp-
toms and clinical exam rather than imaging studies. This is 
in line with the recent literature findings which correlate the 
occurrence of symptoms in this syndrome with arm blood 
pressure differentials. In addition, while our review found 
different surgical approaches to managing this syndrome, 
angioplasty and stenting is the overwhelmingly favored sur-
gical option for managing symptomatic subclavian steal due 
to its high technical success rates and lower risks. However, 
there is still no large, prospective, randomized, controlled 
trial to compare the long-term patency rates between en-
dovascular and open surgical techniques.
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