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Routine preoperative screening for the presence of brachiocephalic disease
using ultrasonic duplex or angiography is a cost-effective and essential means to prevent
the development of rare occurrences of coronary-subclavian steal syndrome.

oronary-subclavian steal syn-

drome (CSSS) is a rare clini-

cal entity with an incidence

of 0.2% to 0.7%." Despite
its scarcity, CSSS is a condition that
can result in devastating clinical
consequences, such as myocardial
ischemia, ranging from angina to
myocardial infarction (MI) and isch-
emic cardiomyopathy.?

In 1974, Harjola and Valle first re-
ported the angiographic and physi-
ologic descriptions of CSSS in an
asymptomatic patient who was found
to have flow reversal in the left in-
ternal mammary artery (LIMA) graft
in a follow-up coronary angiography
performed 11 months after coronary
artery bypass grafting (CABG).> Be-
cause of the similarity in the patho-
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physiology of this condition with
vertebral-subclavian steal syndrome,
this clinical entity was named cor-
onary-subclavian steal syndrome
(CSSS).*+2

In steal-syndrome phenomena,
there is a significant stenosis in the
subclavian artery proximal to the ori-
gin of an arterial branch, either LIMA
or vertebral artery, resulting in lower
pressure in the distal subclavian ar-
tery. As a result, the negative pres-
sure gradient might be sufficient to
cause retrograde flow; consequently
causing arterial branch “flow rever-
sal,” and then “steal” flow from the
organ—either heart or brain—sup-
plied by that artery>¢

Coronary-subclavian steal syn-
drome is caused by a reversal of flow
in a previously constructed internal
mammary artery (IMA)-coronary
conduit graft. It typically results from
hemodynamically significant subcla-
vian artery stenosis proximal to the
ipsilateral IMA. The reversal of flow
will “steal” the blood from the coro-
nary territory supplied by the IMA

conduit.**> The absence of proximal
subclavian artery stenosis does not
preclude the presence of this syn-
drome; reversal in the IMA conduit
can occur in association with upper
extremity hemodialysis fistulae or
anomalous connection of the left
subclavian artery to the pulmonary
artery in d-transposition of the great
arteries.” Although the stenosis is
most commonly caused by athero-
sclerotic disease, other clinical enti-
ties, including Takayasu vasculitis,
radiation, and giant cell arteritis, have
been described.® Patients with CSSS
usually present with stable or unsta-
ble angina as well as arm claudication
and various neurologic symptoms.’
The consequence of CSSS can in-
clude ischemic cardiomyopathy,
acute MI,” stroke, and death.>®

CASE PRESENTATION

A 66-year-old man with a previ-
ous MI managed with CABG, per-
manent atrial fibrillation (AF),
and moderate aortic stenosis pre-
sented to the ambulatory clinic with
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recurrent symptoms of stable an-
gina despite being on maximal
anti-anginal therapy. A coronary an-
giogram performed 4 years earlier
had revealed significant left main
artery disease and total occlusion
of the right coronary artery. As a re-
sult, CABG was performed with a
LIMA conduit to the left anterior
descending artery (LAD) and a sa-
phenous venous graft to the poste-
rior descending artery. On physical
examination, the patient was com-
fortable with a heart rate of 70 bpm,
blood pressure of 120/80 mm Hg
(measured on right arm and no sig-
nificant difference in blood pressure
was reported on the left side).

Cardiovascular examination re-
vealed an irregular rhythm with
a normal S1, variable S2, and a
3/6 systolic ejection murmur heard
best at the right second intercostal
space with radiation to the carotids.
His peripheral pulses were equal and
symmetric in the lower extremities,
and no peripheral edema was noted.
The remainder of the physical exami-
nation was otherwise unremarkable.
The resting 12-lead electrocardio-
gram showed AF at a rate of 60 bpm
(Figure 1).

A stress test was performed to elu-
cidate a possible coronary distribu-
tion for the cause of the chest pain.
The patient was able to exercise for
5 minutes 20 seconds on a standard
Bruce protocol, reaching a heart rate
of 169 bpm (109% of maximum
predicted heart rate) and achieving
7.1 metabolic equivalents. The test
was stopped because of dyspnea. The
electrocardiogram showed isolated
premature ventricular premature
complexes (stage 2, white arrow) and
2- to 3-mm horizontal ST depression
at peak exercise (stage 111, double ar-
rows) in V4 to V6 that quickly became
upsloping and then resolved at rest
(Figure 2). Otherwise, the patient had

Figure 1. Resting 12-Lead Electrocardiogram
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Figure 2. Standard Bruce Protocol Exercise Electrocardiogram
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an uneventful recovery period.
Consequently, coronary angiogra-
phy was performed and showed 95%
left main stenosis and total occlu-
sion of the mid-right coronary artery
with right dominance, patent LIMA
to mid-LAD and patent saphenous

venous graft to posterior descending
artery grafts (Figure 3) (Supplemen-
tal videos 1, 2, 3, and 4, available at
www.fedprac.com). Peripheral angi-
ography showed severe (80%-90%)
left subclavian stenosis proximal to
the takeoff of the LIMA graft with
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CORONARY-SUBCLAVIAN STEAL SYNDROME

Figure 3. A, Coronary angiography revealed 95% left main stenosis, vertical arrow. B, Total
occlusion of the mid-right coronary artery, horizontal arrow, with right dominance. C, Patent left
internal mammary artery, double arrows, to mid-left anterior descending artery. D, Patent saphe-
nous venous graft to posterior descending artery grafts.

retrograde flow into the entire LIMA
during contrast injection (Figure
4) (Supplemental video 5, available
at www.fedprac.com). Given these
findings, the patient was diagnosed
with CSSS and was referred for
intervention.

The patient underwent percutane-
ous transluminal angioplasty (PTA)
of the subclavian stenosis with inser-
tion of an 8 mm x 27 mm balloon-
expandable peripheral stent (Figure
5) (Supplemental video 6, available
at www.fedprac.com). The patient
tolerated the procedure well with-
out complications and with resolu-
tion of his symptoms at a 6-month
follow-up.

DISCUSSION

Long-term follow-up of LIMA as a
conduit to LAD has shown a 10-year
patency of 95% compared with 76%
for saphenous vein and an associated
10-year survival of 93.4% for LIMA

compared with 88% for saphenous
vein graft.”!° Because of the superior-
ity of LIMA outcomes, it has become
the preferred graft in CABG. How-
ever, this approach is associated with
0.1% to 0.2% risk of ischemia related
to flow reversal in the LIMA because
of CSSS.2

Greater awareness and im-
provement in diagnostic imaging
have contributed to the increased
incidence of CSSS and its conse-
quences.? Although symptoms re-
lated to myocardial ischemia, as in
this case, are the most dominant
in CSSS, other brachiocephalic
symptoms, including vertebral-
subclavian steal, transient ischemic
attacks, and strokes, have been re-
ported.'" Additionally, the same dis-
ease might compromise distal flow,
resulting in extremity claudication
or even distal microembolization.!?

It is important to recognize that
significant brachiocephalic stenosis

Figure 4. Peripheral angiography showed
severe (80%-90%) left subclavian stenosis
(arrow).

has been reported in about 0.2% to
2.5% of patients undergoing elective
CABG.%® Therefore, it is essential
to screen for brachiocephalic artery
disease before undergoing CABG.
Different strategies have been sug-
gested, including assessing pressure
gradient between the upper extrem-
ities as the initial step; CSSS should
be considered when the pressure
gradient is > 20 mm Hg.

Other strategies include ultrasonic
duplex scanning with provocation
test using arm exercise or reactive hy-
peremia.'* Many high-volume centers
are performing screening by proximal
subclavian angiography in all patients
undergoing coronary angiography.
When significant disease is detected,
arch aortography and 4-vessel ce-
rebral angiography is performed.®
In addition, other centers have ad-
opted the routine use of computer-
ized tomographic angiography before
CABG."

Surgical correction of CSSS is
considered to be the gold standard
and can be accomplished by per-
forming aorta-subclavian bypass,
carotid-subclavian bypass, axillo-
axillary bypass, or relocation of the
IMA graft.? Although this approach
is invasive and carries many disad-
vantages related to patient comfort,
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CORONARY-SUBCLAVIAN STEAL SYNDROME

Figure 5. A, Percutaneous transluminal angioplasty of the subclavian stenosis with insertion
of an 8-mm x 27-mm balloon-expandable peripheral stent (arrow). B, Subclavian angiography
showing improvement in stenosis from 80% to 90% to 0%.

surgical revascularization can be
performed safely at the time of
CABG and may not carry addi-
tional risk of morbidity or mortal-
ity.!> Moreover, surgical correction
is the preferred modality for treat-
ment of CSSS when the anatomy
is not favorable for percutaneous
intervention, such as chronic total
occlusion of the subclavian artery.'
Alternatively, CSSS can effectively
be managed less invasively by per-
cutaneous intervention, includ-
ing PTA with stent placement,'®!”
thrombectomy'® or atherectomy of
the stenotic subclavian artery.'

In this patient, PTA was per-
formed with primary stent place-
ment. The lesion was crossed with a
sheath, using combined femoral and
radial access. After proper position-
ing, a balloon-expandable stent was
deployed that resulted in complete
angiographic resolution of the lesion
and improvement of symptoms at
6-month follow-up. In line with pre-
vious reports, this case demonstrated
that percutaneous intervention is a
feasible and less invasive approach
for management of CSSS.'*!" The ef-
fectiveness of the percutaneous ap-
proach has effectiveness equivalent to
surgical bypass with minimal compli-

cations and good long-term success.
Therefore, it has been suggested as
first-line therapy in CSSS.81¢

Although preoperative screening
for brachiocephalic disease before
undergoing ipsilateral IMA coronary
artery bypass can prevent the devel-
opment of CSSS, there is controversy
about the best approach for manag-
ing these concomitant conditions.
Many institutions use all-vein coro-
nary conduits, but that forgoes the
benefit of a LIMA graft. Therefore,
others still perform an IMA conduit
after brachiocephalic reconstruction.
An alternative method is to use free
IMA or radial artery conduit. Cur-
rently, there are limited data about
the use of endovascular treatment
for brachiocephalic disease with a
CABG.?

CONCLUSION

Coronary-subclavian steal syndrome
is an important clinical condition
that is associated with significant
morbidity and mortality. In the Sul-
livan and colleagues report of 27 pa-
tients with CSSS, 59.3% had stable
angina and 40.7% had acute coro-
nary syndrome, among which 14.8%
presented with acute ML Therefore,
early recognition is essential to pre-

vent catastrophic consequences.

Patients with CSSS usually present
with cardiac symptoms, but symp-
toms related to vertebral-subclavian
steal and posterior cerebral insuffi-
ciency can coexist. The authors sug-
gest routine preoperative screening
for the presence of brachiocephalic
disease, using ultrasonic duplex or
angiography. This practice is cost-
effective and essential to prevent the
development of CSSS. Optimal man-
agement of brachiocephalic disease
prior to CABG is debatable; however,
IMA grafting and reconstruction of
the brachiocephalic system seems to
be a promising approach.

When CSSS develops after CABG,
the condition can be successfully
treated with percutaneous interven-
tion and outcomes comparable with
those of surgical bypass. @
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