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Carotid Artery Diseases

The Results of Carotid-Subclavian Bypass
in a Single Institute

Karotis-Subklaviyan Baypas
Klinik Sonuclarimiz

ABSTRACT Objective: We present our patients who underwent carotico-subclavian bypass operation either
for subclavian steal syndrome or for subclavian artery revascularization prior to thoracic endovascular
aneursym repair procedures. Material and Methods: We performed 16 carotico-subclavian bypass operations
between August 2009-November 2013 in our department. Nine patients were operated for subclavian steal syn-
drome with subclavian artery occlusion and 7 patients were operated before thoracic endovascular stent graft-
ing for type III aortic dissection or the thoracic aneursym necessitating left subclavian artery occlusion.
Fourteen male (87.5%) and 2 female (12.5%) patients with their ages ranging between 55-74 (mean 66.3) years
were operated. All operations were performed under general anesthesia with a supraclavicular incision. In 14
patients, 8-mm Dacron grafts were used and in 2 patients 8 mm polytetrafluoroethylene grafts were used.
Anastomoses were done in end-to-side fashion. Results: Radial artery pulses were palpable in all the patients
after the operation, and their complaints like left arm pain or dizziness were resolved. Early 30-day morbid-
ity was 6.2 % with one patient experiencing puffiness and pain at the left shoulder two weeks after the oper-
ation, due to seroma which was drained percutaneously under ultrasonography guidance after diagnosis. No
perioperative stroke or minor cerebrovascular events were observed. One patient who had a native carotid ar-
tery tortuosity and cerebral artery aneurysm suffered from carotid-subclavian bypass graft thrombosis 2 days
after the operation, with an early graft thrombosis rate of 6.2 %. No carotid-subclavian procedure related mor-
talities were observed. Patients to have thoracic endovascular aortic repair (TEVAR) procedures with a re-
quirement of intentional left subclavian artery (LSA) coverage were primarily operated for carotico-subclavian
graft interposition to provide LSA revascularization, and subsequently TEVAR procedure was performed.
Conclusion: Carotico-subclavian bypass is a safe procedure with good surgical results.
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OZET Amag: Subklaviyan calma sendromu nedeniyle veya torasik endovaskiiler girisimlere ek olarak uy-
guladigimiz karotis-subklaviyan baypas ameliyat: sonuglarimizi sunmaktayiz. Gereg ve Yontemler: Agus-
tos 2009-Kasim 2013 tarihleri arasinda klinigimizde 16 hastada karotis-subklaviyan baypas ameliyat1 yapildu.
Dokuz hastada subklaviyan arter stenozu sonucu subklaviyan ¢alma sendromu olmasi nedeniyle, 7 hastada
da tip IIT aort diseksiyonu ve anevrizmasi sebebiyle torasik endovaskiiler stent greftleme prosediiriinde sol
subklaviyan arterin kapatilmas: gereksinimi sebebiyle karotis-subklaviyan baypas ameliyati yaptik. Hasta-
larin 2’si kadin (%12,5) ve 14t erkek (%87,5) idi ve yaslar1 55-74 (ortalama 66,3) yil arasinda degisiyordu.
Tiim ameliyatlar genel anestezi altinda supraklavikiiler insizyonla yapildi. On dort hastada 8 mm Dacron
greft, 2 hastada 8 mm politetrafloroetilen greft kullanildi. Anastomozlar ug-yan seklinde yapildi. Bulgular:
Tiim hastalarda radial arter nabizlar1 ameliyat sonras: palpabl oldu ve hastalarin sol kolda agr1 ve bas don-
mesi gibi sikayetleri, ameliyat sonrasinda gecti. Erken 30 giinlitk morbidite orani 1 hastada goriilen seroma
ile %6,2 olarak saptandi; ameliyattan 2 hafta sonrasinda sol omzunda agr ve siskinlik sikayeti ile bagvuran
hastada tespit edilen seroma, ultrasonografi esliginde perkutan olarak bosaltild1. Hi¢bir hastada periopera-
tif stroke veya minor serebrovaskiiler olay gézlenmedi. Erken greft trombozu oran1 %6,2 idi; nativ karotis
arterinde tortiyozite ve serebral arter anevrizmasi olan 1 hastada ameliyattan iki giin sonra greft trombozu
gelisti. Karotis-subklaviyan baypas prosediiriine bagh hi¢ mortalite gézlenmedi. Torasik endovaskiiler aorta
onarimi (TEVAR) yapilacak ve sol subklaviyan arterin kapatilmas: gereken hastalarda, oncelikle karotis-
subklaviyan baypas ile subklaviyan arter revaskiilarizasyonu saglanarak, sonrasinda TEVAR prosediirii uy-
gulandi. Sonug: Karotis-subklaviyan baypas ameliyatinin, iyi cerrahi sonuglar ve teknik olarak kolay
uygulanabilirligi sebebiyle giivenli bir cerrahi yaklagim oldugunu diisiiniiyoruz.

Anahtar Kelimeler: Karotiko-subklavyen baypas; subklavyen ¢alma sendromu; vertebrobaziller yetmezlik
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ubclavian artery lesions requiring arterial re-
construction are relatively uncommon.

Symptomatic subclavian artery atherosclero-
sis should be treated since it can cause significant
morbidity. Patients can be asymptomatic or vario-
us symptoms can be seen due to posterior cerebral
or upper extremity ischemia. The left subclavian
artery (LSA) is said to be more often atherosclero-
tic compared to the right, and it is involved in ap-
proximately 70% of symptomatic cases.!
Extra-thoracic revascularization (carotid-subclavi-
an bypass grafting, subclavian-carotid transpositi-
on, carotid-carotid bypass, subclavian-subclavian
bypass, axillo-axillary bypass grafting) and percu-
taneous balloon angioplasty (PTA) or stenting are
the primary treatment options for subclavian ar-
tery stenosis or occlusion. Arm ischemia causing
claudication, rest pain or trophic changes, sympto-
matic subclavian steal or symptoms of vertebroba-
sillar insufficiency (VBI) may compose the
indications for surgery.? VBI on arm exertion and
retrograde vertebral flow documented with duplex
ultrasound scanning and angiography are useful for
the diagnosis. In the previous years, subclavian ar-
terial atherosclerosis used to be the only indication
for carotid-subclavian bypass, but recently, with
the advancing techniques of endovascular proce-
dures for aortic pathologies, carotico-subclavian
bypass has become a preferred approach for LSA
revascularization in patients necessitating LSA sal-
vage in thoracic endovascular aortic repair
(TEVAR) procedures. We present our surgical ex-
perience with carotico-subclavian bypass procedu-
re for both indications.

I MATERIAL AND METHODS

We performed 16 carotico-subclavian bypass ope-
rations in a four-year time interval between Au-
gust 2009-November 2013, in our department. We
analyzed the patients’ records retrospectively. The
patients were analyzed in two different groups, ac-
cording to the indication for carotico-subclavian
bypass procedure (Group I and Group II). Group I
included 9 patients who were operated for subcla-
vian steal syndrome with subclavian artery occlu-
sion or stenosis. Group II included 7 patients who
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were operated adjunctive to thoracic endovascular
stent grafting for type III aortic dissection and tho-
racic aneurysm necessitating left subclavian artery
sacrifice. Fourteen male (87.5%) and 2 female
(12.5%) patients (one had subclavian artery occlu-
sion and the other undergoing a TEVAR procedu-
re) with the ages between 55-74 (mean 66.3) years
underwent carotico-subclavian bypass in our ins-
titution. In Group I, 7 of the patients had subclavi-
an artery occlusion and 2 had significant stenosis.
All of the patients in our series had a left sided at-
herosclerotic lesion. Demographic variables of the
patients are summarized in Table 1. All patients in
Group I had an initial carotid artery Doppler ultra-
sonography and subsequent computerized tomog-
raphic (CT) or digital subtraction angiographic
(DSA) evaluation to assess subclavian artery steno-
sis or occlusion prior to surgery. All patients in
Group II had already been evaluated for a TEVAR
procedure with a computerized angiography, and
no other examinations were required.

All operations were performed under general
anesthesia with a supraclavicular incision approxi-
mately 1 cm above and parallel to clavicle (Figure
1A). A meticulous dissection of subclavian and
common carotid arteries is performed (Figure 1B).
A 8 mm Dacron graft was used for 14 patients, and
a 8 mm polytetrafluoroethylene (PTFE) graft was
used for two patients. Anastomoses were done in
end-to-side fashion. Both carotid and subclavian
artery anastomoses were done with vascular clamps
providing total occlusion of the both vessels as se-
en in Figure 2, after intravenous administration of
5000 unites of standart heparin. In the intensive ca-
re unit, low molecular weight heparin was ordered
until discharge, combined with an antiaggregant
therapy with acetylsalicylic acid.

TABLE 1: Demographic variables.
n=15 Percentage (%)
Female 2 13.3
Male 13 86.6
Hypertension 9 60
Diabetes mellitus 3 20
Coronary artery disease 3 20
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FIGURE 1: A) Supraclavicular incision 1 cm parallel and above clavicle, ster-
nal segment. B) Exposure of the common carotid artery and subclavian ar-

tery.

Clinical follow up was obtained with routine
physical examination and arm Doppler ultrasound
assessments in some patients. Resolution of symp-
toms was also checked. Presence of peripheral ar-
terial pulses in the ipsilateral arm confirmed by
Doppler ultrasound was considered as a graft pa-
tency. Further imaging modalities like CT/magne-
tic resonance angiography or DSA were not
required. In cases whom carotico-subclavian by-
pass operation was performed prior to TEVAR pro-
cedure, postoperative routine CT angiography
control for evaluating endovascular leaks confir-
med the carotico-subclavian bypass graft patency
as well. Angiographic image of a carotico-subcla-
vian bypass graft during TEVAR procedure is
shown in Figure 3.

In our patient cohort, all patients operated for
subclavian artery stenosis or occlusion had a left si-
ded disease and no right subclavian artery stenosis
was detected. The most frequently seen symptom
was left arm pain and numbness in 5 patients, ver-
tigo in 2, temporary vision loss in 1 and repetitive

syncope attacks in 1 patient. All patients schedu-
led for a TEVAR procedure underwent a left caro-
tico-subclavian bypass operation two days before
the planned TEVAR procedure except 1 patient in
whom both procedures were performed at the sa-
me stage (carotico-subclavian bypass procedure and
a subsequent TEVAR).

I RESULTS

Radial artery pulses were palpable in all patients af-
ter the operation with resolved complaints as left
arm pain or dizziness. All had one- night stay in
the intensive care unit. No major or minor neuro-
logical complications were observed. One patient
in Group I with a native carotid artery tortuosity
and cerebral artery aneurysm (he could not be an-
ticoagulated) suffered from carotid-subclavian by-
pass graft thrombosis two days after the operation.
He underwent a re-operation, and the graft was cut
near the carotid anastomosis. After removing the
trombotic material and providing flow inside the
graft, the graft was re-anastomozed to the carotid
artery to a more distal and straight segment. The
graft flow was patent after the procedure. The pa-
tient did not experience any neurologic events.
Early graft thrombosis was observed in 1 (6.2%)
patient.

Another patient suffered from puffiness and
pain at the left shoulder two weeks after the ope-
ration because of seroma, which was drained per-
cutaneously under ultrasonographic guidance.
Early 30 day morbidity was 6.2% with seroma be-

FIGURE 2: A, B) Anastomosis of Dacron graft to common carotid artery and subclavian artery with vascular clamping C) Image of completed carotico-subcla-

vian bypass graft.
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FIGURE 3: Angiographic image of carotico-subclavian bypass graft during
thoracic endovascular aortic repair procedure.

ing the only morbidity seen. One patient with a
previous coronary bypass operation history with
concomitant LSA stenosis had angina due to coro-
nary steal syndrome. After the carotid-subclavian
bypass procedure, his cardiac complaints resolved
as well. Patients to have TEVAR procedures were
primarily operated for carotico-subclavian bypass
procedure and a subsequent TEVAR procedure was
performed afterwards.

No perioperative stroke or minor cerebrovas-
cular events were observed. No mortality was ob-
served due to the carotico subclavian bypass
procedure. Nevertheless, mortality was seen in two
patients who underwent additional cardiac and en-
dovascular procedures after an uneventful caroti-
co-subclavian bypass operation. Both patients were
scheduled for TEVAR procedure. Among these pa-
tients, one with a thoracic aneurysm (together with
Parkinson’s disease and other systemic comorbidi-
ties) suffered chest pain in the cardiovascular sur-
gery ward during an uneventful postoperative
follow up. He underwent a coronary angiography,
and a left main coronary artery stenosis was detec-
ted. The planned TEVAR procedure was postpo-
ned, and he underwent coronary bypass operation,
but he had neurologic sequelae in the intensive ca-
re unit. He had pulmonary problems leading to car-
diopulmonary failure in postoperative ninth day.
The other patient was a 74-year-old man with
chronic renal failure and additional comorbidities
who underwent an EVAR+TEVAR procedure for
Crawford type II aortic aneurysm two days after
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the carotico-subclavian bypass operation. In the in-
tensive care unit follow up, renal and pulmonary
failures occurred and the patient died on postope-
rative 11" day. Both te patients had descendant aor-
tic aneurysms and preoperative systemic risk factors
as old age, chronic obstructive pulmonary dysfunc-
tion and chronic compensated renal failure.

Early 30 day graft patency was 93.75% (1 pa-
tient experienced graft thrombosis). After the
re-operation of this patient, the graft was reanas-
tomozed providing flow patency. Late graft pa-
tency at about 18 months was 100% in the 5
patients who came for hospital visits at the follow
up in Group I and in all the patients who under-
went TEVAR procedures; all had postoperative
computerized tomography controls routinely done
for endoleak search showing that the grafts were
patent in Group II. Immediate relief of symptoms
was achieved in 100% of patients with none of the
patients suffering late recurrent symptoms.

I DISCUSSION

Isolated stenotic or occlusive lesions of the subcla-
vian artery are usually asymptomatic because of the
rich arterial collateral supply of the head, neck and
shoulder. These lesions can cause symptoms due to
the ischemia of either upper extremity or posteri-
or cerebral circulation.! In 1960, Contorni descri-
bed subclavian steal as reversal of flow in the
ipsilateral vertebral artery distal to a proximal lesi-
on for the first time.> Movement of the upper extre-
mity increases demand for blood and causes a steal
from the cerebral circulation through the ipsilate-
ral vertebral artery which is distal to the subclavi-
an artery stenosis or occlusion. This is the reason
of posterior cerebral ischemia symptoms. Dizziness,
unilateral limb weakness, dysarthria, headache and
nausea or vomiting are the most frequent symp-
toms related to posterior circulation region.* Verte-
brobasillar insufficiency symptoms like dizziness,
drop attacks, blackout spells, blurred vision, diplo-
pia, ataxia and vertigo may also be seen due to sub-
clavian artery lesions since symptomatic subclavian
artery lesions are associated with concomitant lesi-
ons of the contralateral vertebral artery or one or
both carotid arteries in 35% to 85% of patients.!?

Damar Cer Derg 2013;22(3)
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Hand claudication and digital embolization may be
seen due to upper extremity ischemia. Angina may
also be the presentative symptom in patients with
a left internal mammary artery graft having a coro-
nary steal syndrome. Briefly, the most common
presenting symptoms include vertebrobasillar in-
sufficiency, upper extremity ischemia and transi-
ent ischemic attacks We believe that it is important
to underline that all symptomatic patients are rec-
ommended to undergo treatment.’

The prevalence of subclavian steal syndrome
is reported to range between 0.6-6.4%.° It is repor-
ted that incidence of proximal subclavian stenosis
in patients undergoing coronary artery bypass graf-
ting ranges from 0.5% to 15%.” More than 90% of
patients undergoing treatment for subclavian ar-
tery stenosis are said to be symptomatic.> Cardiac
disease affects >50% of patients presenting with
symptomatic subclavian artery stenosis.>® Males are
affected by the atherosclerotic subclavian steal phe-
nomenon more than females, with a ratio of about
2:1.° Physical examination may reveal diminished
pulse and a systolic blood pressure difference of
greater than 20 mmHg between the arms.®® Labro-
poulos et al. showed that an arm blood pressure dif-
ference >40 mmHg was associated with an
increased prevalence of complete steal and the oc-
currence of symptoms.!?

Subclavian artery atherosclerosis therapy has
developed in years. DeBakey et al. first reported
successful revascularization of innominate and sub-
clavian arteries via transthoracic approach in
1958." Dietrich and colleagues reported first ex-
trathoracic approach as carotid-subclavian bypass
in 1967.12 Subclavian artery PTA or stenting has be-
come more assertive since Bachman and Kim re-
ported first subclavian artery angioplasty in 1980.13
Subclavian artery PTA or stenting has been subs-
cribed as one of the main treatment modalities for
this relatively uncommon disease in the current
medical literature.

Type of the graft and surgical management has
been evaluated by several studies up to date. Saphe-
nous vein has been shown to perform inferiorly to
prosthetic grafts in this location. Ziomek et al. sho-
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wed a 5-year patency of 94% for prosthetic grafts
compared with 58% for vein grafts in patients with
carotid-subclavian bypass.!* Some authorities have
documented that ringed PTFE is superior to Dac-
ron or vein in terms of durability. Law et al. repor-
ted that PTFE grafts had a patency of 95%, Dacron
grafts 84% and saphenous vein grafts 65%, but the
differences were not statistically significant, but the
small sample size was underlined."

AbuRahma et al. reported the primary patency
rates at 1, 3,5 and 10 years as 100%, 98%, 96% and
92%, respectively, concluding that carotid-subcla-
vian bypass grafting with the use of PTFE grafts
was safe, effective and durable, with no periopera-
tive stroke or mortality. Their 30 day morbidity
was reported as 6%.2

Preference for the type of the surgery may dif-
fer with surgeons’ practice and experience. Trans-
position of the subclavian artery to the side of the
common carotid artery is the most preferable met-
hod. It is said to have three advantages: It is an au-
togenous reconstruction, has only one anastomosis
and carries the best long term patency.!® Nevert-
heless, this approach possesses necessity for a mo-
re deep dissection to gain proximal control of the
subclavian artery stenosis and its associated branc-
hes. Aorto-innominate or aorto-subclavian bypass
through an extended incision to manubriosternal
junction and additional vertical manubriotomy has
also been suggested.’ Carotico-subclavian bypass
has been suggested to be advantageous by Aydin et
al., whereas subclavian-carotid transposition pro-
cedure was emphasized to have superior results
compared to other bypass procedures by Aslim and
Akay."”'8 Cinar et al. concluded that carotico-subc-
lavian bypass with a PTFE grafts was a safe and du-
rable procedure.' In our experience, in four years,
carotid-subclavian bypass grafting has also been
our primary surgical approach to avoid more exces-
sive tissue resection. The expanded indications for
carotico-subclavian bypass can also be seen in our
patient cohort including patients undergoing en-
dovascular procedures necessitating left subclavian
artery occlusion more recently, as Aydin et al.
stressed."”
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Studies on endovascular management empha-
size that the success rate is lower in subclavian ar-
tery occlusion compared to stenotic lesions. The
main problem with endovascular procedures seems
to be the long term patency rates. Patency rates for
surgery have been reported as high as 95% for 10
years.>?® De Vries et al. reported that the patency
rate at about 3 years follow up after PTA was 93%
for subclavian stenosis and 65% for subclavian oc-
clusion.” Similarly, Wang et al. reported a 12-
month primary patency rate of 98% for angioplasty
and stenting procedures whereas a decreased pa-
tency rate of 82% at 5 years follow-up.?

During TEVAR procedures, thoracic ane-
urysms close to LSA may necessitate coverage of
LSA with the aortic stent-graft. Since a successful
stent-graft placement requires a satisfactory land-
ing zone of at least 15 mm in length, LSA covera-
ge serves to provide additional length for the
proximal landing zone.?® LSA revascularization
with either transposition or bypass from the caro-
tid artery in such situations is recommended by
some authors to prevent complications like left
arm ischemia, stroke and spinal cord ischemia.?*?
In our patient cohort, we performed 7 carotico-
subclavian bypass procedures to provide LSA re-

vascularization because of intentional LSA cove-
rage during TEVAR procedures. Criado et al. re-
ported that LSA coverage was apparently safe, but
they recommended to ascertain the angiographic
patency of the contralateral vertebral artery befo-
rehand, with secondary revascularization being
easily achievable if vertebrobasillar or arm ische-
mia develops after stent-graft placement.?* In our
clinical practice, we perform prophylactic LSA re-
vascularization only under certain conditions li-
ke any pathology involving supra-aortic vessels or
with the presence of a dominant left vertebral ar-
tery. TEVAR patients included in the present
study had a dominant left vertebral artery and we
preferred LSA revascularization to avoid potenti-
al related complications.

In conclusion, we believe that carotico-subcla-
vian bypass grafting with Dacron grafts, as well as
PTFE, remains an effective and feasible way in pa-
tients with subclavian steal syndrome and as an ad-
junct to endovascular procedures exhibiting high
long-term patency rates.
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