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Abstract
The subclavian steal syndrome refers to a vascular 

disorder in which there is reversal of blood flow to the 
ipsilateral vertebral artery, caused by a stenosis proximal 
to its origin, usually an occlusion of the subclavian artery 
or, more rarely, of the brachiocephalic trunk. It is a 
relatively rare disease, reported in approximately 6% of 
asymptomatic patients with cervical murmurs. Pulsed 
Doppler (PW) is useful in the analysis of the vertebral 
artery, capable of providing information to identify the 
presence of the subclavian steal syndrome. Based on the 
hemodynamic changes of the vertebral artery assessed by 
spectral Doppler, there are three types of subclavian steal: 
latent, intermittent and complete (permanent). With the 
advent of transluminal percutaneous angioplasty, and then, 
the stents, many specialists advocate this combination of 
procedures such as the treatment of choice for symptomatic 
cases of this disease.

Introduction
The subclavian steal syndrome occurs when there is 

reversal of flow in the ipsilateral vertebral artery distal 
to a stenosis or occlusion of the proximal subclavian, or, 
more rarely, the innominate artery. Arteriosclerosis is the 
leading cause for occlusive disease involving the subclavian 
artery.1 Smoking is present in 78% to 100% of the cases 
and concomitant coronary artery disease in 27% to 65% 
of cases.2 The most common location of atherosclerotic 
lesions that cause reverse flow in the vertebral artery is in the 
proximal portion of the left subclavian artery.1 Zimmerman 
reported a 3:1 ratio between the symptomatic lesions in 
the left subclavian artery and the right subclavian artery3 
The right subclavian artery and the innominate artery are 
less common sites for atherosclerotic lesions that can result 
in subclavian steal1. Kirsanov et al.4 reported three cases 

of deformities in the subclavian arteries associated with 
subclavian steal syndrome. 

Because of the reduction of pressure in the subclavian 
artery distal to the obstruction, blood flows antegradely 
up the contralateral vertebral artery, into the basilar artery, 
and retrogradely down the ipsilateral vertebral artery 
to supply collateral circulation to the upper extremity 
(Figure 1). Thus, blood supply is “stolen” from the basilar 
system and may compromise cerebral blood flow.5 
Approximately 20% of the cerebral blood is supplied by 
cerebral arteries.1
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(Figure 2), which can convert temporarily to a wave pattern 
even more abnormal in response to reactive hyperemia in the 
ipsilateral upper limb after exercise.13,16 Figure 3 shows the 
relationship between the spectral curve (PW) of the vertebral 
artery with the heart cycle.

Type 2 – Intermittent or Partial Steal16 – Moderate 
hemodynamic changes 

The spectral Doppler analysis of the vertebral artery 
shows a partially reversed flow (Figure 4). In both the 
latent steal and intermittent or partial steal, Doppler 
spectrum can form an image that resembles the profile 
of a “rabbit”13 the so-called “bunny waveform”.14 Figure 5 
shows the relationship between the spectral curve (PW) of 
the vertebral artery and the heart cycle. 

Type 3 – Complete (Permanent) Steal16 – (Significant 
hemodynamic changes) 

The spectral Doppler analysis of the vertebral artery shows 
a completely reversed flow (Figure 6). It may be associated 
with symptoms in the ipsilateral upper limb.13

Treatment
The subclavian steal syndrome has traditionally been treated 

with surgery. However, with recent advances in percutaneous 
transluminal angioplasty (PTA), this has been a reasonable 
alternative to surgical treatment. Other methodologies, such 
as atherectomy, are also applicable. This aims to permanently 
restore the anterograde flow in the affected vertebral 
artery, eliminating the cerebral hypoperfusion and thus the 
symptoms. The treatment of asymptomatic cases of subclavian 
steal is questionable.

Modalities
Carotid-subclavian bypass
Subclavian carotid transposition 
Axillary-axillary bypass 
Carotid endarterectomy 
Atherectomy 
Percutaneous transluminal angioplasty (PTA) with 

stent placement.

The extrathoracic extra-anatomic bypass has been the 
traditional surgical treatment of choice, but it poses a 
significant risk of morbidity and mortality. With the advent of 
PTA, in 1980, and then, followed by the stents, many claim 
this combination of procedures as being of choice.15
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Contorni is credited with reporting the first angiographic 
visualization of subclavian steal in 1960.6 Reivichi et al.7 reported, 
in 1961, about two patients with clinical signs of cerebral vascular 
insufficiency associated with reversal of flow through the vertebral 
artery secondary to subclavian obstruction. However, it was Fisher 
who coined the term subclavian steal syndrome in a subsequent 
editorial published in the New England Journal of Medicine.8 
Contorni9 reported that as early as 1829, Harrison had realized 
the importance of vertebral artery circulation in occlusions of 
the first segment of the subclavian artery, and eventually calling 
it Harrison and Smith Syndrome. However, this term, suggested 
by Contorni, failed to stick. It is slightly more prevalent in men 
than in women, at an average age of around 60.2,10

Symptoms
It is a relatively rare disease, reported in approximately 6% 

of asymptomatic patients with cervical murmurs.11 The most 
common symptoms in the subclavian steal syndrome are 
vertigo, syncope, and intermittent claudication of the 
ipsilateral upper extremity. 1 The reversal of the blood 
flow in the vertebral artery rarely results in permanent 
neurological damage. It is mostly asymptomatic.12 Many of 
the reported symptoms may be associated with severe carotid 
artery disease.1 In 1996, Lacey2 reported that symptomatic 
lesions in the subclavian artery were also associated with 
concomitant lesions in the contralateral vertebral artery and 
one or both carotid arteries for 35% to 85% of the patients.

Although widely used, the term subclavian steal syndrome 
should be applied when the reverse flow in the vertebral 
artery causes symptoms of vertebrobasilar hypoperfusion 
and/or upper limb ischemia.1 In its asymptomatic forms, 
usually hidden and intermittent, or partial, the most correct 
would be to delete the word syndrome, leaving only the 
expression subclavian steal.

Diagnosis
The pulsed Doppler (PW) is useful in the analysis of the 

vertebral artery, as it is capable of providing information 
to identify the presence of the subclavian steal syndrome. 
One of the main objectives of the Doppler imaging of the 
vertebral arteries is to detect the reversed blood flow, thus 
indicating the subclavian steal phenomenon.13 The vertebral 
artery is identified by locating the right common carotid 
artery in a sagittal plane and moving the transducer laterally 
toward the transverse processes of the cervical spine, where 
it can be displayed using a color Doppler.14 It is noteworthy, 
however, that ultrasound imaging is not accurate for 
identification of focal stenosis.15

Classification
Based on the hemodynamic changes in vertebral artery 

assessed by the study with spectral Doppler, three types of 
subclavian steal may be identified.16

Type 1 – Latent Steal16 (Minimum hemodynamic changes) 
The spectral Doppler analysis of the vertebral artery may 

show a anterograde flow with a mid-systolic deceleration 
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Figure 2 – Spectral Doppler (PW) imaging of the right vertebral artery showing mid-systolic deceleration (“Bunny Waveform”) consistent with type 1 steal (latent),15 also 
known as hidden subclavian steal. Reactive hyperemia maneuvers may intensify the phenomenon.12,15 

VERT D

Mid-systolic deceleration

Figure 3 – Relationship between the spectral curve (PW) of the vertebral artery and the heart cycle. This waveform shows a sharper and deeper “cleft” between the two 
systolic peaks. Nadir of mid-systolic cleft is at or slightly below the end-diastolic velocity. Modified from Kliewer et al.12
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Figure 4 – Spectral Doppler (PW) imaging of the right vertebral artery shows partially reversed flow, consistent with type 2 steal (intermittent or partial).15

Figure 5 – Relationship between the spectral curve (PW) of the vertebral artery and the heart cycle. Nadir of mid-systolic cleft falls well below baseline, which means a 
higher reversal of blood flow during systole. Modified from Kliewer et al.12
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Figure 6 – Spectral Doppler (PW) imaging of the left vertebral artery shows completely reversed flow, which is consistent with type 3 steal (complete).15
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1. Pollard H, Rigby S, Moritz G, Lau C. Subclavian steal syndrome: a review. 
Australas Chiropr Osteopathy.1998; 7(1):20-8. 

2. Lacey KO. Subclavian steal syndrome: a review. J Vasc Nurs.1996;14(1):1

3. Zimmerman NB. Occlusive vascular disorder of the upper extremity. Hand 
Clin. 1993; 9(1):139-50. 

4. Kirsanov RI, Khorev NG, Kulikov VP. Deformity of subclavian artery as a 
cause of formation of vertebral subclavian steal syndrome. Angiol Sosud 
Khir. 2015;21(2):44-51.

5. Whittemore AD, Mannick J A . Sindrome do sequestro da subclávia, 
In: Sabiston DC, Lyerly HR - Tratado de cirurgia : as bases biológicas 
da prática cirúrgica moderna, 15a. ed. Rio de Janeiro: Guanabara 
Koogan;1998.p.1566-70.

6. Cantorni L. In circolo collateralle vertebra vertebrale nela obbliterazione 
dell‘arterio subclavia all sua origine. Min Chir. 1960;15:258. 

7. Reivich M, Holling HE, Roberts B, Toole JF. Reversal of blood flow through 
the vertebral artery and its effect on cerebral circulation. N Engl J Med. 
1961; 265:878-85. 

8. Fisher CM. A new vascular syndrome - “the subclavian steal”.[Editorial]. 
N Engl J Med. 1961 Nov 2; 265:912-3. 

9. Contorni L. The true story of the “subclavian steal syndrome” or “Harrison 
and Smyths syndrome”. J Cardiovasc Surg. 1973; 14(4):408-17. 

10. Delaney CP, CouseNF, Mehigan D, Keaveny TV. Invest igation 
and management of subclavian steal syndrome. Br J Surg . 1994; 
81(8):1093-5. 

11. Fields WS, Lemark NA. Joint study of extracranial arterial occlusion VIII. 
Subclavian steal: a review of 168 cases. JAMA. 1972;222(9):1139-43.  

12. Ehrenfield WK, Chapman RD, Wylie EJ. Management of occlusive lesions 
of the aortic arch. Am J Surg. 1969; 118(2):263-43. 

13. Kliewer MA, Hertzberg BS, Kim DH, Bowie JD, Courneya DL, Carroll BA. 
Vertebral artery Doppler waveform changes indicating subclavian steal 
physiology. AJR Am J Roentgenol. 2000;174(3): 815-9. 

14. Tahmasebpour HR, Buckley AR, Cooperberg PL, Fix CH. Sonographic 
examination of the carotid arteries. Radiographics. 2005; 25(6):1561-75.

15. Fregni F, Castelo-Branco LE, Conforto AB, Yamamoto FI, Campos CR, 
Puglia P Jr, et al. Treatment of subclavian steal syndrome with percutaneous 
transluminal angioplasty and stenting: case report. Arq Neuropsiquiatr. 
2003; 61(1):95-9.

16. Freire CMV, Alcântara ML, Santos SN, Amaral SI, Veloso O, Porto CLL, 
et al. Grupo de Trabalho do Departamento de Imagem  Cardiovascular 
(DIC) da Sociedade Brasileira de Cardiologia (SBC). Recomendação para 
a quantificação pelo ultrassom da doença aterosclerótica das artérias 
carótidas e vertebrais. Arq Bras Cardiol Imagem Cardiovasc. 2015;28(n.
especial):e1-e64.

References


