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ABSTRACT

The Subclavian Steal Syndrome is a condition in which the subclavian artery proximal to
the origin of the vertebral artery is affected with stenosis or blockage. The blockage
causes the reverse blood flow in the vertebral artery which is termed the "steal”, because
it steals blood from the cerebral circulation. Blood is drawn from the contralateral
vertebral, basilar or carotid artery regions into the low-pressure ipsilateral upper limb

vessels. The term subclavian steal syndrome is applied when reversed vertebral artery
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flow causes cerebral ischemia with associated symptoms of vertebrobasilar hypo
perfusion and/or symptoms of brainstem or arm ischemia. This syndrome exists as an
important consideration in the differential diagnosis of cerebral and brachial ischemia.

Descending thoracic aorta,
Vertebral artery,
Coronary circulation,
Basilar artery.

Introduction

The  Subclavian  Steal ~ Syndrome (SSS),  also
called subclavian steal phenomenon or subclavian steal steno-
occlusive disease, is due to areverse blood flow in the
vertebral artery or the internal thoracic artery [3]. This is due
to the association with a proximal subclavian artery stenosis or
blockage. It is a condition where both signs and symptoms are
prevalent.

The clinical representation of the Subclavian Steal
Phenomenon often involves high-grade stenosis or obstruction
of the subclavian artery. This leads to a decrease in the Sino-
Atrial pressure, distal to the lesion. If the stenosis is severe and
if the affected arm is exerted, this pressure drop can cause the
blood flow in the ipsilateral vertebral artery to reverse and
thus hardening the blood from the unaffected SA node via the
contralateral vertebral artery. This happens in order to ensure
adequate blood supply to the involved arm is provided.
Forceful exercise of the arm and a sudden turning of the head
in the direction of the affected side, have so far been shown to
worsen the symptoms [1].

Subclavian steal syndrome is frequently asymptomatic. It
can be discovered on ultrasound, angiographic examination or
it may be impelled by a clinical examination finding of
reduced unilateral upper limb pulse or blood pressure [5]. In
some cases, patients may present with development of upper
limb ischemic symptoms, due to reduced arterial flow. This
happens in the region of a subclavian artery blockage, or it can
be due to the development of neurologic symptoms. This in
turn is caused by the posterior circulation ischemia, associated
with exercise of the ipsilateral arm [2].

Subclavian steal syndrome can be traditionally treated by
open subclavian artery revascularization, typically via
subclavian artery transportation or carotid-subclavian bypass.
These are generally time consuming procedures. Newer, less
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invasive options include: Endovascular intervention with
recanalization, angioplasty and stenting [44].
Incidence

The clinical relevance of the subclavian steal syndrome
was discovered in 1961 by Reivich, Holling and Roberts.
Contorni was the first to recognize and describe this retrograde
flow in 1961 using angiography in a patient who had an absent
radial pulse [6-9]. A year later, Reivich associated this
phenomenon 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 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 circulation, at the expense of the vertebrobasilar
circulation [15].

Although peripheral arterial disease affects about 20-25%
of individuals older than 70 years, the vessels of the upper
extremity are affected much less often than those of the lower
extremity are. Because, most of the patients are do not seek
medical advices unless the symptoms occur. the true
prevalence of subclavian artery occlusive disease and
subclavian steal syndrome is unknown [10].

The left subclavian artery is the aortic arch branch vessel
most commonly affected by atherosclerosis; therefore, it is not
surprising that the left subclavian artery is involved with
subclavian steal three times more frequently than the right
subclavian artery [11-15].

In the joint Study of Extracranial Arterial Occlusion,
Fields and Lemak found that 17% of the 6534 patients
admitted In the joint Study of Extracranial Arterial Occlusion,
Fields and Lemak found that 17% of the 6534 patients
admitted to the study had arteriographic evidence of
subclavian or innominate stenosis greater than 30% or
occlusion.
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However, only 168 patients had symptoms of subclavian
steal syndrome. Berguer et al found that only half of their
patients with significant subclavian occlusive lesions
manifested reversal of blood flow in the ipsilateral vertebral
artery [15].
Ontogenesis for the normal development of Subclavian
artery and embryological basis for the Subclavian Steal
Syndrome (SSS)

The aorta develops during the third week of gestation.
The aorta develops in a complex process related to the
formation of the endocardial tube at day 21.A primitive aorta
is formed consisting of ventral and a dorsal segment that runs
continuously through the first Aortic arch [16]. Both the
ventral aortae fuse to form aortic sac and the dorsal aortae fuse
to form midline descending Aorta. The six paired aortic arches
develop between the dorsal and ventral aortae and in addition
many intersegmental arteries are given off by dorsal aorta
[36].
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Fig 1. The derivatives of aortic arch arteries. A
diagrammatic representation showing the Truncus
arteriosus receives the third (111) and fourth (IV) sets
(right and left) of Aortic arch arteries, ultimately it opens
into the right and left horns of the Aortic sac and B.
Derivatives of the Aortic sac horns and third (I11) and
fourth (IV) sets (right and left) of Aortic arch
arteries.(BCT-Brachiocephalic  trunk, RSA- Right
subclavian artery, RCCA- Right Common carotid artery,
LCCA- Left Common carotid artery and LSA-Right
subclavian artery).
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Fig 2. Diagrammatic representation of Aortic Arch
and its branches.
The blood vessels derived from each of arch are as follows:

The first pair of blood vessels is assign to formation of
both the external carotid and maxillary arteries [18].
The second pair of blood vessels contributes to formation of
the stapedial arteries. The third aortic arch presents the
commencement of the internal carotid artery and is known as
the carotid arch [19-22].

Proximal parts of the third pair form the common carotid
arteries. Together with sections of the dorsal aortae, the distal
portions provide to formation of the internal carotid arteries
[11].

The left arch of the fourth pair produces the sections of
normal left aortic arch between the left common carotid and
subclavian arteries. The right fourth arch forms the proximal
right subclavian artery and the distal part of the right fourth
arterial arch gets regressed. The distal right subclavian artery
is derived from a portion of the right dorsal aorta and the right
seventh intersegmental artery [23].

Rudimentary blood vessels that regress early develop out
of the fifth pair. The left arch of the sixth pair provide to the
formation of the main and left pulmonary arteries and ductus
arteriosus, this duct obliterates a few days after birth has taken
place [25]. The right sixth arch provides to formation of the
right pulmonary artery. With the caudal migration of the heart
in the second fetal month, the seventh intersegmental arteries
increase in size and migrate cephalic to form the distal
subclavian arteries [9].

In normal embryological development, the left subclavian
artery arises from the 7th intersegmental artery, while right
subclavian artery arises from the following sources (i) right
4th aortic arch, (ii) rightdorsal aorta and (iii) right 7th
intersegmental artery [26].

Malformations of the aortic arch system can be defined by
enduring nature of sections of the aortic arches that usually
continue or disappearance of sections that normally remain it
can be possible both [27].

In congenital anomalies, severe proximal subclavian
artery stenosis or blockage, results insufficient flow may be
present to sustain the ipsilateral arm. The greatest relevance
for present purposes is the confluence of the vertebral arteries
at the basilar artery and its subsequent communication with
the circle of Willis, which allows the ipsilateral vertebral
artery to provide flow in a reversed manner from the
contralateral vertebral artery or from the anterior cerebral
circulation[32].


https://en.wikipedia.org/wiki/Aortic_arches
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Fig 3. Schematic representation of normal development of
subclavian artery.
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Fig 4. Schematic representation of stenosis of the
brachiocephalic artery leading to retrograde flow.
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Fig b5.Schematic representation of stenosis of the
subclavian artery leading to retrograde flow of left
vertebral artery.
Discussion

Subclavian Steal syndrome refers to subclavian artery
steno-occlusive disease proximal to the origin of the vertebral
artery and is associated with reverse flow in the vertebral
artery. Anatomically, there is an obstruction in the subclavian
artery just before the origin of the vertebral artery [33]. This
clinical entity is associated with neurological symptoms of
vertebrobasilar insufficiency that occur during exercise of the
ipsilateral arm. Symptoms of dizziness or vertigo occur in
more than half of the patients, and syncope and dysarthria
have been noticed in 18% and 12.5%, respectively.
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Since most patients do not seek medical advice unless
symptoms manifest, the prevalence of subclavian artery
occlusive disease and subclavian steal syndrome is unknown.
Arteriosclerosis is the most common cause of proximal
subclavian artery occlusive lesion. Some of the risk factors are
cigarette smoking, hypercholesterolemia, type 2 Diabetes
Mellitus, hypertension, and hyperhomocysteinemia.
Subclavian steal syndrome mostly occurs on the left side [29].
When the arm is exercised, dilation of the blood vessels
enhances perfusion to the ischemic muscle, thus lowering the
shunt in the outflow vessels [33]. The increased demand for
blood by the left arm, results in the shunting of blood into the
left subclavian artery. Blood crosses the basilar artery from the
contralateral intracranial vertebral artery and flows retrograde
down the ipsilateral vertebral artery towards the left arm. This
bypasses the stenosis in the left subclavian artery [31]. When
arm exercise ceases, the resistance in the outflow vessels of
the arm increases, thereby reducing retrograde blood flow in
the vertebral artery [12].

The clinical relevance of the subclavian steal syndrome
was discovered in 1961 by Reivich, Holling and Roberts.
Contorni was the first to recognize and describe this retrograde
flow in 1961 using angiography in a patient who had an absent
radial pulse. A year later, Reivich associated this phenomenon
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 in
1961 [33-35]. 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
circulation, at the expense of the vertebrobasilar circulation
[38]. If the blood flow demand in the arm increases, more
arterial flow is siphoned from the cerebral circulation,
satisfying increased oxygen demand through the exercising
muscles of the upper extremity. This causes partial ischemia
of the brain stem and posterior cerebral cortex and symptoms
could be manifested. Indirectly, because of anastomoses
between the carotid system and vertebrobasilar system at the
circle of Willis may be affected during times of heightened
activity [40-42]. Numerous symptoms are associated with
posterior circulation cerebral ischemia. Visual symptoms
secondary to vestibular dysfunction and/or nystagmus include
a sensation of objects moving or the inability to focus as well
as monocular or binocular visual loss. Diplopia occurs in 19%
of the cases [43]. The most frequent neurologic symptom is
dizziness or vertigo, usually described as a sensation of
lightheadedness, rocking, swaying, or tilting. On our
examination, there was a blood pressure difference between
the arms; usually this difference is at least 20mmHg lower on
the involved side in SSP [45]. The pulse is usually weak and
the arms and feet may feel cool. Diagnosis is possible through
non-invasive testing. SSP most commonly is diagnosed
incidentally during carotid and vertebral artery color Doppler
US, discovering abnormalities of blood flow direction in the
vertebral artery. Angiography remains the definitive
diagnostic test for confirming this condition [11].

Conclusion

The Subclavian Steal Syndrome is a vascular disorder that
retrograde cerebral blood flow to the subclavian artery
affected by blockage or occlusion, causing a reduction in
blood flow to territories supplied by the carotid and
vertebrobasilar systems [48]. Hypo-perfusion to the optic
nerve and ciliary body can potentially create normal tension
glaucoma.
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Increasing evidences are showing that vascular factors
leading to ischemia may have a fundamental role in the
disease initiation or progression. It is important to recognize
the Subclavian Steal Syndrome and its effects on ocular and
systemic level, in order to make an early intervention, referral
and an adequate follow-up of the disease [46-47].
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