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A Novel Case of Anomalous Origin of Left Vertebral Artery 
Associated With Left Subclavian Steal Syndrome

Poornima Vinoda, c, Hiten Patelb

Abstract

The subclavian steal syndrome (SSS) is defined by the reversal 
of flow in the ipsilateral vertebral artery in the setting of subcla-
vian artery stenosis proximal to its origin. Here, we describe a rare 
case of left SSS with significant left subclavian artery stenosis as-
sociated with anomalous origin of the left vertebral artery (LVA) 
directly from the aortic arch in a patient presenting with signs of 
vertebrobasilar insufficiency and resolution of symptoms following 
angioplasty. Through this case, the authors try to emphasize the im-
portance and the correct technique of using Doppler ultrasonogra-
phy, and the importance of invasive angiography in understanding 
the mechanism of subclavian steal in patients with anomalous LVA 
origin.
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Introduction

Subclavian steal syndrome (SSS) is a condition associated with 
the reversal of blood flow in the ipsilateral vertebral artery due 
to hemodynamically significant stenosis or occlusion of the ip-
silateral proximal subclavian artery (PSCA) [1]. While most of 
the patients with the underlying condition remain asymptomatic, 
they can present with symptoms of vertebrobasilar insufficiency 
(VBI) and upper extremity ischemia [2]. The atherosclerotic dis-
ease remains the most common etiology [2]. Here, we describe 
a rare case of left-sided SSS in a patient with anomalous left 
vertebral artery (LVA) origin directly from the aortic arch with a 
reported incidence of 2.4-5.8% [3]. A detailed understanding of 

the vertebral arteries’ origin is paramount due to advanced endo-
vascular diagnostic imaging and surgical interventions available 
today. Computed tomography angiography (CTA) or magnetic 
resonance angiography (MRA) are the confirmatory tests that 
define the anatomy of the subclavian stenosis or occlusion and 
other associated vascular abnormalities [1]. Doppler ultrasonog-
raphy is of specific importance as it can detect the presence of 
retrograde vertebral flow in cases of SSS [1]. Vascular interven-
tions are only indicated in symptomatic patients, and angioplas-
ty with stent placement remains the gold standard therapeutic 
approach [4, 5]. Through this case, the authors emphasize the 
importance of meticulous investigation while evaluating SSS 
and that the anomalous origin of LVA directly from the aortic 
arch can still be implicated in VBI.

Case Report

Investigations

A 71-year-old male with a history of nicotine dependence, hy-
pertension, hyperlipidemia, type 2 diabetes mellitus, chronic 
obstructive lung disease (COPD), and atrial fibrillation pre-
sented to the emergency department (ED) for worsening dizzi-
ness, especially while moving his left arm. The dizziness was 
not associated with any left arm pain or fatigue with exertion. 
Other reviews of systems were unremarkable and the patient 
was hemodynamically stable on presentation. The physical ex-
amination findings were unremarkable.

Diagnosis

The basic laboratory workup was unremarkable. The initial 
carotid duplex showed no significant internal carotid artery 
(ICA) stenosis and normal antegrade flow in both vertebral 
arteries (Fig. 1). However, 45 mm Hg of the pressure differ-
ence between the two arms prompted a dedicated left upper 
arm arterial duplex, which suggested hemodynamically sig-
nificant left subclavian artery (LSCA) stenosis and flow re-
versal in the LVA (Fig. 1) when it was scanned/imaged higher 
up in the neck. CTA of neck arteries confirmed 90% stenosis 
of the proximal LSCA and interestingly showed the LVA orig-
inated from the aortic arch between the left common carotid 
artery (LCCA) and LSCA (Fig. 2). Invasive LVA angiography 
confirmed anomalous origin and showed collaterals from the 
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mid-distal vertebral artery supplying blood flow to the left 
arm distal to stenosis via the thyrocervical trunk (Figs. 3 and 
4).

Treatment

The LSCA stenosis was treated with a balloon expandable cov-

ered stent placement, and the final angiogram showed ante-
grade flow in thyrocervical trunk networks. Patients’ dizziness 
significantly improved on follow-up.

Follow-up

The patient was discharged home with outpatient follow-up 

Figure 1. (a) Carotid artery duplex showing normal anterograde flow in 
the left vertebral artery. (b) Monophasic waveform suggesting left sub-
clavian artery stenosis. (c) Reversal of flow in the left vertebral artery 
when imaged higher up in the neck.

Figure 2. CT angiogram of neck showing (a) the anomalous origin of 
the left vertebral artery directly from the aortic arch between the left 
common carotid artery and the left subclavian artery (LSCA) (blue ar-
row), and (b) proximal LSCA stenosis (blue arrow).
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with cardiology and vascular surgery in 4 - 6 weeks.

Discussion

SSS is a condition associated with the reversal of blood flow 
in the ipsilateral vertebral artery due to hemodynamically sig-
nificant stenosis or occlusion of the ipsilateral PSCA [1, 2]. 
The incidence and prevalence of SSS are not very well defined 
due to asymptomatic presentation [6]. The studies have shown 
the incidence of subclavian artery occlusion of 17% and 9% 
of them were symptomatic [6]. The atherosclerotic disease 

remains the most common etiology; however, other condi-
tions to consider include thoracic outlet syndrome, cervical 
rib, Takayasu arteritis, and stenosis due to surgical repair of 
coarctation of aorta or tetralogy of Fallot [2]. The risk factors 
for SSS include smoking, hypertension, hyperlipidemia, dia-
betes mellitus, family history, and age [1]. While most of the 
patients with the underlying condition remain asymptomatic, 

Figure 3. Aortic arch angiogram showing (a) the anomalous origin of 
the left vertebral artery (orange arrow) directly from the aortic arch be-
tween the left common carotid artery (green arrow) and the left subcla-
vian artery (LSCA) (blue arrow), and (b) proximal LSCA stenosis. Figure 4. (a) Selective angiography confirming significant stenosis of 

the proximal left subclavian artery (LSCA) with no flow in thyrocervical 
trunk, (b) selective angiography of left vertebral artery showing retro-
grade flow in the collaterals from mid-distal vertebral artery to LSCA 
distal to the stenosis via the thyrocervical trunk, and (c) left subclavian 
artery (after stent placement in proximal segment) now showing ante-
grade flow in the thyrocervical trunk.
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they can present with symptoms of VBI (dizziness while mov-
ing left arm), upper extremity claudication, or cardiac angina 
[2]. Symptomatic SSS presentation is more often seen in males 
over 50 years of age with a 2:1 male-to-female ratio [1, 6].

The branching patterns of the aortic arch were studied by 
Popieluszko et al, in the meta-analysis of 23,882 adult aortic 
arches from 51 studies which showed that the most common 
branching pattern (from right to left), brachiocephalic trunk, 
the LCCA, and the LSCA with an overall incidence of 80.9% 
[7]. The second most common pattern was the bovine arch var-
iant in 13.6%, where the aortic arch gives off only two main 
branches, followed by the left vertebral artery variant in 2.8% 
where the aortic arch gives off four main branches (from right 
to left), brachiocephalic trunk, the LCCA, the LVA, and the 
LSCA [7]. Although asymptomatic in most cases, this anoma-
lous origin of the LVA has been associated with arterial an-
eurysm, atherosclerotic disease-causing stroke, and aortic dis-
section [5, 8]. However, anomalous LVA origin directly from 
the aortic arch can be associated with left SSS as seen in our 
patient.

Embryonically, the anomalous origin of the LVA directly 
from the aortic arch is due to the overabsorption of embryonic 
tissue of the LSCA and is more seen in females [7, 8]. In most 
cases of the anomalous origin of the LVA, patients are asymp-
tomatic; however, there is a statistically significant association 
between the presence of a vertebral artery that originates di-
rectly from the aortic arch and Stanford B aortic dissection 
[5]. The straight-through origin of the vertebral artery from the 
arch may result in increased flow in the posterior circulation/
circle of Willis and could be a risk factor for cerebrovascular 
diseases including thrombosis, aneurysm, arterial dissection, 
and atherosclerotic disease [9]. A detailed understanding of the 
origin of the vertebral arteries is of paramount importance due 
to advanced endovascular diagnostic imaging and surgical in-
terventions available today.

Duplex ultrasound (DUS) is the mainstay of diagnosis 
wherein it can show a flow reversal in LVA when there is ipsilat-
eral PSCA stenosis [9]. However, the initial DUS in our patient 
did not show flow reversal in LVA since the LVA was scanned 
in its proximal segment (closer to its origin) where the flow 
will be antegrade. CTA or MRA are the confirmatory tests that 
define the anatomy of subclavian stenosis or occlusion and can 
detect the presence of other associated vascular abnormalities 
[1]. Our patient did have CTA which showed severe stenosis 
of left PSCA, but interestingly showed anomalous LVA origin 
directly from the aortic arch. So, we questioned as to why our 
patient would have VBI symptoms. This was answered by an 
invasive angiogram which showed the thyrocervical branches 
stealing blood from a mid-distal segment of LVA and supply-
ing blood to the left arm beyond LSCA stenosis. This explains 
why the second DUS in our patient showed flow reversal in 
LVA since it was scanned higher up in the neck.

According to an observational study by Labropoulos et al, 
7,881 carotid duplex scans were performed over 6 years and 
SSS was complete in 61% and partial in 23% of patients [10]. 
Symptoms were present in only 38 patients and only seven 
underwent intervention (five with percutaneous transluminal 
angioplasty stenting of the subclavian and two with subclavi-
an-carotid bypass) [10]. A significantly elevated pressure dif-

ferential (PD) between two arms of > 50 mm Hg was associ-
ated with symptoms, complete steal, and need for intervention 
[10]. All patients with SSS are not candidates for vascular in-
tervention. Conservative management includes treating hyper-
tension, diabetes mellitus, and smoking cessation with close 
outpatient monitoring using ultrasound [10]. In cases of iso-
lated subclavian steno-occlusive disease, carotid-subclavian 
bypass surgery is known to have high patency rates at 95% at 
10 years with no mortality with 8 years of follow-up [11, 12]. 
However, with evolving cutting-edge technology, endovascu-
lar therapy has been shown to have similar clinical outcomes 
compared to open surgery with minimal risks [4]. According 
to Wang et al, a success rate of 95.1% is achieved with angio-
plasty and stenting, and a 12-month follow-up primary patency 
rate was 98% [13]. Our patient did undergo angioplasty fol-
lowing which showed improvement in his symptoms.

Conclusion

Left SSS in patients with anomalous origin of the LVA directly 
from the aortic arch is due to the stealing of blood via an ex-
tensive collateral network of vessels connecting the vertebral 
artery to the thyrocervical trunk. In such case, blood flow at 
the origin of the LVA will be in an antegrade direction contrary 
to that usually reported in this condition, unless the LVA is im-
aged higher up in the neck.

Learning points

SSS is often underdiagnosed, and it is crucial to perform a 
good physical examination to recognize the difference in blood 
pressure between bilateral upper extremities and confirm re-
versal of flow using the Doppler ultrasonography.

SSS can be associated with other vascular anomalies like 
the anomalous origin of the LVA directly from the aortic arch, 
wherein the steal happens through thyrocervical collaterals 
connecting the LVA and the LSCA.

Doppler ultrasonography should incorporate scanning the 
LVA both proximally and distally to look for a flow reversal in 
patients with high clinical suspicion of SSS.
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