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Surgical treatment alternatives for occlusive disease of the subclavian 
artery based on our clinical experience

Klinik deneyimlerimiz eşliğinde subklaviyan arterin tıkayıcı hastalığında
cerrahi tedavi alternatifleri
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Amaç: Çalışmamızda, subklaviyan karotis transpozisyon 
(SKT), karotis subklaviyan baypas (KSB) ve subklaviyan-
subklaviyan baypas (SSB) işlemlerinin sonuçları tanım-
landı.

Çalışmaplanı:Ocak 1999 - Aralık 2009 tarihleri arasında 
kliniğimizde semptomatik tıkayıcı subklaviyan arter has-
talığı tanısıyla cerrahi tedavi uygulanan 20 hastanın (19 
erkek, 1 kadın; ort. yaş 58.5 yıl; dağılım 46-73 yıl) tıbbi 
kayıtları retrospektif olarak incelendi. On hastaya SKT, 
altı hastaya KSB, dört hastaya da SSB ameliyatı uygulandı. 
Bütün hastalarda ciddi subklaviyan arter yetersizliği semp-
tomları vardı ve etkilenen taraftaki sistolik kan basıncı 
diğer tarafa göre en az 50 mmHg daha düşük idi. Ortalama 
takip süresi 7.1±2.1 yıl (dağılım 2-10 yıl) idi.

Bul gu lar: Yüzde doksan beş erken greft başarı oranı (30 
günlük açık kalma) ile hastaların %100’ünde semptom-
ların düzeldiği görüldü. Bir, beş ve 10 yıllık not edilen 
primer açıklık oranları sırasıyla SKT serisinde %100, 
%100, %90, KSB serisinde, %100, %83.3, %66.7, ve SSB 
serisinde %100, %50, %50 idi.

Sonuç:Erken ve geç dönem ameliyat sonrası sonuçlar kar-
şılaştırıldığında, uygun olan hastalarda subklaviyan arterin 
karotis artere transpozisyonunun güvenli, etkin ve kalıcı 
bir işlem olduğu görülmektedir.
Anah tar söz cük ler: Subklaviyan arter darlığı; subklaviyan çalma 
sendromu; supraaortik düzeltme.

Background:In this study, we described the outcomes of 
the procedures including subclavian carotid transposition 
(SCT), carotid subclavian bypass (CSB) and subclavian-
subclavian bypass (SSB).

Methods: Between January 1999 and December 2009, the 
medical records of 20 patients (19 males, 1 female; mean 
age 58.5 years; range 46 to 73 years) undergoing surgical 
intervention for symptomatic occlusive subclavian artery 
disease in our clinic were retrospectively analyzed. Ten 
of these patients underwent SCT, six underwent CSB and 
four underwent SSB. All patients had symptoms of severe 
subclavian artery insufficiency and a significant decrease of 
>50 mmHg in systolic blood pressure on the affected side. 
The mean follow-up was 7.1±2.1 years (range, 2-10 years).

Results: Immediate relief of symptoms was achieved in 
100% of patients, with an early graft success (30-day 
patency) of 95%. As noted primary patency rates at 1, 5, 
and 10 years in SCT series were %100, %100, %90, in CSB 
series %100, %83.3, % 66.7, in SSB series %100, %50, %50 
respectively.

Conclusion: The comparison of the early and late 
postoperative results show that transposition of subclavian 
artery to carotid artery is a safe, effective and durable 
procedure in eligible patients.
Key words: Subclavian artery stenosis; subclavian steal syndrome; 
supraaortic reconstruction.
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High-grade stenosis or occlusion of the subclavian artery 
proximal to the origin of the vertebral artery can cause 
symptoms of vertebrobasilar or coronary insufficiency 
should there be an anastomosis between the coronary 
artery and the left internal mammary artery (LIMA) 
along with ischemia of the ipsilateral upper extremity 
from hypoperfusion. In addition, a reversal of cerebral 
or coronary blood flow circulation can also be at fault. 
This blockage reverses the normal direction of blood 
flow in the vertebral or coronary artery in which 
blood is drawn from the contralateral vertebral, basilar, 
carotid, or coronary artery regions into the low-pressure 
ipsilateral upper limb vessels.[1]

The management of subclavian artery occlusive 
disease has evolved a great deal over the years, and a 
variety of therapeutic options are available, including 
transthoracic bypass grafting or an endarterectomy,[2-3] 
subclavian-carotid transposition (SCT)[4] and 
extrathoracic bypass grafting, carotid-subclavian bypass 
(CSB), carotid-axillary bypass (CAB), axillary-axillary 
bypass (AAB), or subclavian-subclavian bypass (SSB).[5] 
The transthoracic approach is invasive and is rarely used 
in elderly populations because of the high incidence of 
complications.[3] Subclavian-carotid transposition, CSB, 
and SSB are the interventions used by most surgeons.

Percutaneous transluminal angioplasty (PTA), with 
or without stenting of the subclavian artery, provides 
another tool for those treating patients who have stenosis 
or occlusion. Subclavian artery PTA/stenting is now 
commonly used by some for treating subclavian artery 
stenosis, and certain authorities advocate it as the first 
line of therapy or treatment of choice for this disease.[6,7]

In this study, we analyze the early and long-term 
efficacy of CSB, SCT, and SSB for severe subclavian 
artery occlusive disease.

PATIENTS AND METHODS
Twenty patients (19 males and 1 female; mean age 
58.5 years; range 46 to 73 years) in whom SCT, 
CSB, or SSB grafts were used to correct symptomatic 
occlusive disease of the subclavian arteries between 
January 1999 and December 2009 were included in this 
study. The mean follow-up of this series was 7.1±2.1 
years (range, 2-10 years) and included 20 patients. 
The ethics committee approved the study, and written 
informed consent was obtained from all patients. Ten 
of these patients had isolated occluded lesions of the 
subclavian artery and underwent SCT, six had heavily 
calcified proximal subclavian artery occluded lesions 
and underwent CSB, and four had isolated occluded 
lesions of the subclavian and the common carotid artery 
and underwent SSB. Many patients had more than 

one risk factor for atherosclerotic disease. Seventeen 
patients (85%) were cigarette smokers, and 16 (80%) 
had a history of hypertension and/or diabetes mellitus 
(DM). Peripheral vascular occlusive disease (PVOD) 
was present in 11 patients (55%), and hyperlipidemia 
was present in six (30%). No patient with vasculitis was 
included in this study. The demographic characteristics 
of the patients are shown in Table 1.

Carotid-subclavian bypass
For this procedure, a skin incision was made 1 cm 
above the clavicle, extending from the sternoclavicular 
joint to the lateral portion of the supraclavicular region 
for about 6 to 8 cm. Exposure of the carotid artery and 
subclavian artery was then carried out. Next, the carotid 
artery was isolated and surrounded with vessel loops. 
After systemic heparinization was achieved, carotid 
artery occlusion was performed via cross-clamping. 
Implantation of a polytetrafluorethylene (PTFE) 
(Goretex, W.L. Gore & Associates, Flagstaff, Arizona) 
tube graft 6 mm in diameter was first carried out in the 
subclavian artery through an end-to-side anastomosis 
using No. 5-0 polypropylene suture material. After 
this was completed, the graft was tunneled toward 
the carotid artery. The carotid graft anastomosis was 
similarly carried out by end-to-side anastomosis using 
the same suture material.

Subclavian-subclavian bypass
Subclavian-subclavian bypasswas carried out through 
bilateral supraclavicular incisions. The operative 
exposure was achieved through a 6 cm incision, 
one fingerbreadth above the clavicle and extending 
posteriorly from the sternocleidomastoid muscle. After 
systemic heparinization was achieved, one subclavian 
artery was cross-clamped, and a PTFE (Goretex) tube 
6 mm in diameter was anastomosed to the vessels with 

Table 1. Demographic characteristics of 20 patients 

Characteristics No. of patients Percentage of patients

Male 19 95
Female 1 5
Mean age (year) 58.5 
Age range (year) 46-73 
Risk factors  
Hypertension 13 65
Diabetes mellitus 7 35
PVOD 11 55
Tobacco use 17 85
Hyperlipidemia 6 30
COPD 5 25
PVOD: Peripheral vascular occlusive disease; COPD: Chronic obstructive 
pulmonary disease.
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running fine No. 5-0 polypropylene sutures. After the 
graft was anastomosed to the recipient vessel, it was 
tunneled subcutaneously into the anterior tissues of the 
neck, and the donor anastomosis was carried out.

Subclavian-carotid transposition
To perform this procedure, the common carotid and 
subclavian arteries were exposed and mobilized as 
previously described. The subclavian artery was well 
mobilized proximal to the vertebral artery and IMAs, 
both of which had been carefully preserved. The 
subclavian artery was then divided proximally, and the 
proximal stump was oversewn. Next, the distal end, 
proximal to the vertebral artery, was sutured end-to-side 
to the common carotid artery with running fine No. 5-0 
polypropylene sutures.

The patients were anticoagulated postoperatively, 
and low-molecular-weight heparin was initiated six 
hours after their arrival in the intensive care unit (ICU). 
After one day, this was replaced by warfarin sodium 
and aspirin (300 mg/d) for the next three months, thus 
maintaining an international normalized ratio of 2.0 to 
2.5. After the three months, the aspirin (300 mg/d) was 
continued indefinitely.

Follow-up
After the operation, the patients were closely monitored 
for neurological and cardiovascular symptoms. After 
being discharged from the hospital, all patients were 
examined at the three-, six-, and twelve-month post-
procedure follow-ups and annually thereafter. Patients 
had physical examinations, and bilateral brachial 
pressures and noninvasive vascular tests were also 
performed. Graft patency was determined by using 
duplex ultrasonography. Angiography was also carried 
out to confirm stenosis and the steal phenomenon.

Statistical methods

Means and standard errors (SE) were calculated. The 
Kaplan-Meier survival method was used to calculate 
the patency rates and symptom-free survival rates were 
obtained using the Statistical Package for the Social 
Sciences (SPSS Inc., Chicago, Illinois, USA) version 
17.0 statistical software program.

RESULTS
All patients had symptomatic disease and a significant 
decrease of >50 mmHg in systolic blood pressure on the 
affected side. Preoperative angiography confirmed the 
steal phenomenon in 15 patients (75%), and 12 (60%) 
had complete occlusion of the subclavian artery. 
Symptoms of upper extremity ischemia (claudication, 
weakness, paresthesia, coldness, and cyanosis) occurred 
in 14 patients (70%), and symptoms of vertebrobasilar 
insufficiency (dizziness, vertigo, diplopia, and syncope) 
occurred in 12 patients (60%). Unstable angina pectoris 
was present in five patients (20%). The incidence for 
symptoms is shown in Table 2.

Early (30-day) results

The 30-day morbidity rate was 10% (2 of 20 patients), 
with no perioperative mortality. Three patients had 
early perioperative complications, which included one 
perioperative cerebrovascular accident during the CSB 
procedure. One patient had phrenic nerve palsy during 
the SSB procedure, but recovery occurred within three 
to six months. The one graft in the patient with early 
graft thrombosis was excised and revised. The mean 
postoperative ICU and hospital stays were one and three 
days, respectively. Immediate relief of symptoms was 
achieved in 100% of patients, with an early graft success 
(30-day patency) of 95%.

Table 2. Indications for surgery in 20 patients

 SCT CSB SSB Total

 n % n % n % n %

Cladication 2 10 5 25 2 10 9 45
Weakness 2 10 5 25 3 15 12 60
Paresthesia 3 15 3 15 1 5 8 40
Coldness 1 5 2 10 1 5 4 20
Cyanosis 1 5 2 10 0 0 3 15
Dizziness 2 10 1 5 2 10 5 25
Vertigo 3 15 4 20 1 5 8 40
Diplopia 2 10 2 10 1 5 5 25
Syncope 1 5 1 5 0 0 2 10
Transient ischemic attack 0 0 1 5 0 0 1 5
Angina 1 5 4 20 0 0 5 20

SCT: Subclavian carotid transposition; CSB: Carotid subclavian bypass; SSB: Subclavian-subclavian bypass.
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Late results

Overall, 9 of 10 transposition procedures stayed patent 
(primary patency) in the SCT series, and one underwent 
a trombectomy. Four of six grafts stayed patent in 
the CSB series, and two patient grafts were revised 
to a carotid-axillary artery bypass graft because of 
significant stenosis at the subclavian site. Two of four 
grafts stayed patent in the SSB series, two patient grafts 
were revised to a carotid endarterectomy and a carotid-
subclavian artery bypass graft. Figure 1 shows the 
primary patency rates determined by the Kaplan-Meier 
life table method. As noted, the primary patency rates 
at one, five, and 10 years were 100%, 100%, and 90% 
respectively in the SCT series, 100%, 83.3%, 66.7% 
respectively in the CSB series, and 100%, 50%, 50% 
respectively in the SSB series. There were no statistical 
differences between SSB and CSB (p>0.05) concerning 
the primary patency rates, but there was a statistical 
difference between SCT and SSB regarding the primary 
patency rates (p<0.05).

Immediate relief of symptoms was achieved in 100% 
of patients; however, four (20%) had late recurrent 
symptoms. The preoperative indication for surgery 
in three of these four patients was vertebrobasillary 
insufficiency with symptom recurrence at two, five, 
and six years, and all had patent grafts. The fourth 
patient had surgery for arm ischemia with recurrence of 
symptoms and graft failure at seven years. Figure 2 shows 
symptom-free survival rates by means of the Kaplan 
Meier life table method.

During the study period, one additional patient 
(5%) died of lung cancer, which was unrelated to the 
revascularization procedure.

DISCUSSION
Although symptomatic subclavian artery disease is 
relatively uncommon,[8,9] it may represent a significant 
disability and should be treated appropriately to provide 
favorable and long-lasting results. The procedure should 
be effective and durable with minimal complications.

Currently, extrathoracic revascularization (CSB, 
SCT, SSB) and percutaneous balloon angioplasty, both 
with and without stenting, have been advocated as the 
primary treatments for symptomatic subclavian artery 
stenosis or occlusion.[5] However, most studies that have 
reported angioplasty results indicate that the treatment 
of stenosis yields results that are significantly different 
from the treatment of occlusions.[6] It is generally thought 
that CSB and SCT have emerged as the treatments of 
choice for symptomatic proximal subclavian artery 
stenosis or occlusion.[8]

Subclavian carotid transposition offers multiple 
advantages over CSB and extra-anatomic SSB or 
axilloaxillary bypasses. Because a direct anastomosis 
can be performed, no prosthetic materials are needed. 
Pseudointimal hyperplasia related to compliance 
mismatch is not a problem, and long-term patency rates 
are good.[10-13] This procedure, however, is limited to 
patients with occlusive disease in the proximal carotid 
artery.[10,11,14] Carotid-subclavian bypass has been used 

Figure 1. Kaplan-Meier graph showing the time to loss of 
primary patency. SCT: Subclavian-carotid transposition; CSB: Carotid-
subclavian bypass; SSB: Subclavian-subclavian bypass.

0

0.0

0.2

0.4

0.6

0.8

1.0

Survival functions

Years

C
um

 s
ur

vi
va

l

2 4 6 8 10

Management
SCT
CSB
SSB
SCT-censored
CSB-censored
SSB-censored

Survival functions

0.0

0.2

0.4

0.6

0.8

1.0

C
um

 s
ur

vi
va

l

Figure 2. Kaplan-Meier graph showing the time to symptom-
free survival. SCT: Subclavian-carotid transposition; CSB: Carotid-subclavian 
bypass; SSB: Subclavian-subclavian bypass.
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by others because a short graft is placed between the 
ipsilateral high-flow vessels, and the mortality rate is 
low.[15,16] However, it cannot be used for innominate 
artery lesions, and patency rates are reported to be lower 
than with SCTs. A carotid endarterectomy may also be 
necessary before CSB (or it may be done at the time 
of this procedure) to prevent a carotid steal.[9] These 
procedures have yielded excellent results and should be 
used in patients who have no coexisting severe disease 
that could increase mortality and morbidity. Higher risk 
patients should undergo SSB because it has minimal 
complications and avoids the carotid artery. Others 
have preferred the SSB procedure over the CSB graft 
when coexisting ipsilateral carotid artery stenosis is 
present.[11-17]

If patients had multilevel occlusive disease involving 
the ipsilateral carotid or the contralateral carotid and 
the vertebral or subclavian arteries, the symptoms of 
continued after the surgical procedure unless the graft 
was occluded.[4]

Although a subclavian carotid steal can occur from 
SCT in the presence of proximal common carotid 
stenosis, a subclavian coronary steal can occur when 
there is proximal subclavian stenosis and a patent IMA 
coronary graft. Five patients in this study were treated 
for this problem by either SCT or bypass and had 
complete resolution of their cardiac symptoms and no 
postoperative myocardial infarction. Subclavian carotid 
transposition provides an excellent long-term solution to 
this problem.[9]

Currently, there is no prospective randomized 
data comparing angioplasty/stenting of the subclavian 
artery with surgical bypass grafting in the treatment 
of subclavian artery disease. However, in a study 
by Farina et al.,[18] 21 patients who underwent PTA 
for proximal stenosis of the subclavian artery were 
compared with 15 patients who underwent carotid-
subclavian reconstruction. The incidence of procedural 
complications was similar. Although better early results 
were achieved in patients who underwent PTA (actuarial 
patency: PTA 91%, surgery 87%) after dilatation, the 
authors[18] observed a continuous deterioration of the 
hemodynamic status of the artery resulting from a high 
rate of late restenosis (actuarial patency: PTA 54%, 
surgery 87%). It should be noted that they excluded 
patients from their study with long stenoses (>4 cm) and 
those with complete occlusion of the subclavian artery, 
which can easily be corrected surgically.[19] The use of 
PTA for occlusive disease of the subclavian artery is 
increasing, but open surgical reconstruction remains 
an effective treatment option with good long-term 
results.[20,21]

Kretschmer et al.[9] found a statistically significant 
greater patency rate with transposition over bypass, and 
the universal experience in the small series of reported 
transpositions in the literature indicates that patency 
is almost always 100%.[9] In our study, most patients 
who underwent SCT enjoyed complete relief from their 
symptoms, and the primary patency rates at one, five, 
and 10 years in the SCT series were 100%, 100%, and 
90%, respectively.

Limitations of this study were its retrospective design 
along with the lack of patient numbers; hence, further 
studies would be beneficial to verify our findings.

In conclusion, SCT is the safest and most efficient 
procedure, both in short and long-term patency. We 
conclude that it should be the treatment of choice for 
routine subclavian occlusive disease. As surgeons gain 
more experience and confidence with this approach, it 
will be practiced more universally.
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