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Résumé

Le syndrome de vol coronaro-sous-clavier est une complication tardive du pontage aorto-coronaire. Il est
défini par une inversion de flux dans I’artére mammaire gauche secondaire a une sténose serrée ou une
occlusion de D’artere sous-claviere, entrainant ainsi une récidive angineuse. Le syndrome de vol
coronaro-sous-clavier complique 0.2% a 6.8% des pontages aorto-coronaire utilisant 1’artere mammaire
gauche. Plusieurs moyens d’imagerie peuvent poser le diagnostic par la mise en évidence d’une sténose
ou une occlusion de I’artere sous-claviere gauche. Bien que les procédures endovasculaires sont devenues
le traitement de premiere ligne, la revascularisation chirurgicale est préférée dans certains cas lorsque le
traitement endovasculaire n'est pas possible, et le pontage carotido-sous-clavier est une modalité qui offre
d'excellents résultats a court, moyen et long terme. Nous rapportant le cas d’un patient se présentant pour
une angine de poitrine secondaire a un syndrome de vol coronaro-sous-clavier qui a été traité, avec
succes, par un pontage carotido-sous- clavier.

Summary

Coronary subclavian steal syndrome (CSSS) is a late complication of coronary artery bypass graft
(CABGQG) surgery. It’s defined by a reversal of flow in the LIMA graft due to a high grade stenosis or
occlusion of the proximal subclavian artery, causing a functional LIMA graft failure and recurrence of
myocardial ischemia. It occurs in 0.2% to 6.8% after CABG surgery. Once suspected from the physical
examination, CSSS can be confirmed with multiple imaging modalities by detecting a significant stenosis
or occlusion of the proximal subclavian artery. Both surgical and endovascular strategies are available for
the treatment of CSSS.

Even if endovascular procedures have become the first line strategy for CSSS treatment, surgical
revascularization is preferred in some cases when the percutaneous transluminal angioplasty (PTA) is not
possible, and carotid to subclavian bypass (CSB) is a safe modality with excellent results in short, mid
and long term.

This is a case of a patient who presented with CSSS and who was treated successfully by carotid to
subclavian artery bypass as endovascular treatment was unfeasible.
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INTRODUCTION

The coronary subclavian steal syndrome (CSSS) is an
unusual complication of coronary artery bypass graft
(CABG) surgery. It occurs during left arm exertion when
the left internal mammary artery (LIMA) is used for the
bypass surgery and there is a high grade stenosis (>75%)
or occlusion of the left subclavian artery (SA) [1].

The myocardial ischemia is a result of the retrograde
flow of blood supply from coronary circulation to the
upper arm perfusion during exertion.

CSSS is estimated to complicate 0.2% to 6.8% of patients
who have undergone CABG with a LIMA graft [2], and the
treatment consists on restoring normal blood circulation
to the upper limb which can be offered by either
angioplasty, with or without stent placement, or open
surgery.

We report the case of a patient with CSSS successfully
treated with carotid to subclavian bypass surgery.

CASE REPORT

A 64 year old man, active smoker with a history of
coronary artery disease was admitted to our department
for chest pain. In 2010 he had undergone a coronary
artery bypass graft (CABG) including the left internal
mammary artery (LIMA) to the left anterior descending
artery (LAD) and the right internal mammary artery
(RIMA) to the diagonal branch. In 2014 a percutaneous
transluminal coronary angioplasty (PTCA) on the
circumflex was performed.

Recently he developed typical angina pectoris on
exertion especially when the left upper limb is used. No
signs of vertebrobasilar insufficiency were reported.

The physical examination revealed asymmetric upper
extremity blood pressure (100/60 mmHg in the right arm
and 60/40 mmHg in the left arm), a regular pulse in the
right arm and a reduced left radial pulse.

The electrocardiogram showed no significant
abnormalities and the echocardiography revealed non
dilated LV and a moderate hypokinesia of the inferobasal
and inferoseptal walls with a conserved left ventricular
ejection fraction (EF=58%)

A Coronary subclavian steal syndrome (CSSS) was
suspected and further investigation by a computed
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tomography angiogram (CTA) of supra aortic vessels was
performed showing a long proximal occlusion of the left
subclavian artery with distal repermeabilization from
LIMA collateral arteries (figure 1A). Coronary CT scan
showed conserved patency of the LIMA graft (figure 1B).
Revascularization of the left arm was thus necessary.

Figure 1 : A- Computed tomography angiogram of supra
aortic vessels showing a long proximal occlusion of the left
subclavian artery with distal repermeabilization from LIMA ;
B- Coronary CT scan showing conserved patency of the
LIMA graft

Given the long total occlusion in the proximal segment of
the left subclavian artery, endovascular treatment was
difficult and hazardous, thus we opted for a surgical
revascularization as a first therapeutic option.

The patient was operated under general anesthesia and
a carotid to subclavian bypass using a 6 mm PTFE graft
was performed;

After an incision 1 cm above the middle third of the
clavicle, and dissection of muscle layers, the approach of
the left subclavian artery was made at 2 cm below the
origin of the vertebral and left mammary arteries (figure
2A); the phrenic nerve was identified and carefully
avoided. Through an incision parallel to the anterior
edge of the sternocleidomastoidian (SCM) muscle the
approach of the left common carotid artery was
achieved.

These two incisions were joined together for a better
exposure, and a carotid-to-subclavian bypass through a
6mm-PTFE graft was made (figure 2B).
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During the surgery the patient was haemodynamically
stable, without any ECG abnormalities.

The postoperative period was uneventful and on physical
examination the radial artery was well pulsatile and the
BP gradient between upper limbs was 10 mmHg.

The patient was discharged home at postoperative day 3.

During a three-month follow-up, he was found to be
completely asymptomatic.
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Figure 2 : Operative view showing A- the approach of the left
subclavian artery and B- the carotid-to-sublavian artery
bypass graft

DISCUSSION

CSSS is a late complication of CABG surgery; it’s defined
by a reversal of flow in the LIMA graft due to a high grade
stenosis or occlusion of the proximal subclavian artery,
causing a functional LIMA graft failure and recurrence of
myocardial ischemia. [1]

The prevalence of subclavian artery stenosis (SAS) is
approximately 2% of general population and 7% of
patients with known or suspected peripheral artery
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disease (PAD) [3]. In patients who have both PAD and
coronary artery disease requiring CABG surgery, 11.8%
were found to have proximal left subclavian artery
stenosis (LSAS) [4]. First reported in 1974 by Harjola and
Valle [5,6], CSSS is estimated to complicate 0.2% to 6.8%
of patients who have undergone CABG with a LIMA
graft.[2]

Owing to the lack of knowledge of this phenomenon, the
recurrence of angina pectoris after CABG surgery is often
attributed to atherosclerotic progression of the coronary
lesions or graft stenosis, and CSSS is rarely suspected,
hence, its prevalence is likely to be underestimated
[4,7]. However, the LIMA graft has been increasingly
utilized as a conduit for myocardial revascularization
because of its superior long term patency compared to
saphenous vein graft. [8-10]

Usually, CSSS presents as a stable angina pectoris after
selective exercise of the left upper limb, but it can also
manifest as silent ischemia, acute coronary syndrome,
decompensated heart failure, malignant ventricular
arrhythmias, or recurrent pulmonary oedema [11-19].
Symptoms have been reported to occur between 2-31
years following surgery. Symptoms presenting within a
year of CABG usually suggest a subclavian stenotic lesion
that was missed before surgery [20].

Diagnosis can be easily suspected within patients who
are suffering from recurrent ischemic signs after CABG
surgery and who have, on physical examination,
asymmetric pulses and blood pressures in both upper
limbs, or less commonly abnormal bruit in the subclavian
area. [12] The absence of significant SBP differential can
be explained by equal bilateral SAS or development of
extensive collaterals of the affected side.[21]

To confirm the diagnosis, multiple imaging modalities are
available to detect the SAS, such as ultrasound duplex
scan, digital subtraction angiography (DSA), computed
tomography angiography (CTA) or magnetic resonance
angiography (MRA).

Duplex ultrasonography imaging is a non-invasive, less
expensive and more widely available means of screening
the SA [20], and DSA has been considered as the gold
standard for diagnosing SA stenosis and occlusion [1].
However, CTA offers anatomic view with precise
information on lesion morphology, length and location
[1,20,22]

Treatment of CSSS consists on revascularization of the SA
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which can be offered by either surgery or percutaneous
transluminal angioplasty.

Before the emergence of endovascular therapy, surgical
revascularization was the only way to treat CSSS, and it
was associated with excellent long term patency and low
mortality rates [12].

Recently, percutaneous transluminal angioplasty (PTA),
alone or with stent placement, has become the first line
therapy for CSSS as it is less invasive than open surgery
and it has a good technical success rate and long term
patency [12,23-26], however, it is not always feasible.

In fact, when the SA is totally occluded, percutaneous
treatment may not be possible due to difficulty in
passing the guide wire through the chronic occlusion [6],
hence in these patients, surgical revascularization is the
preferred therapeutic option.

Linni et al. recommend, in a study including 74 patients
with SA lesions who underwent either percutaneous or
surgical treatment from 1995 to 2007, PTA for SA
stenosis, and surgery for SA occlusion. [30]

Furthermore, the restenosis rate for angioplasty is
reported to be as high as 40.7% over five years in
patients with CSSS, whilst the rate of recurrent stenosis
following stenting is about 16%.[13,31-34]

Studies supporting surgical treatment of CSSS have
demonstrated higher level of patency in the long
term.[33,34]

In a study undertook to compare the immediate and long
term outcomes of endovascular stenting vs.
extrathoracic surgical bypasses performed specifically
for SSS from 1989 to 2010, extrathoracic surgical
bypasses were proved to be more durable in the long
term. In fact, the cumulative primary patency rates at 1,
3, 5, and 10 years were 91%, 78%, 67%, and 49% for the
stent group vs. 99%, 97%, 95%, and 89% for the bypass
group. The cumulative secondary patency rates were
95%, 91%, 86%, and 64%, respectively, for the stent group
vs. 99%, 99%, 98%, and 94% for the bypass group. [28]

The use of extraanatomic bypass of the carotid and
subclavian arteries was first introduced by Diethrich et al
in 1967 to reduce the complication rate of transthoracic
reconstruction. [27]

Several extrathoracic surgical techniques have been
reported to treat subclavian artery stenosis in the
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coronary subclavian steal syndrome for which
endovascular treatment has failed. These techniques
include subclavian to carotid transposition (SCT), axillo-
axillary bypass (AAB) and carotid to subclavian artery
bypass (CSB).

SCT involves only one anastomosis and does not need
graft insertion. This procedure has excellent long-term
durability, but it is not possible in all cases and may
potentially worsen coronary ischemia during interruption
of vertebral and internal mammary blood flow, which
makes it a less attractive treatment option in this
population. [28]

AAB is the preferred surgical procedure in patients
having concomitant atherosclerotic occlusive lesions of
the ipsilateral common carotid artery and/or internal
carotid artery. It avoids manipulation of ipsilateral
diseased carotid lesions. AAB has raised several concerns
in the literature for its length and subcutaneous course,
which might cause thrombosis, infection and skin
erosion. AAB is usually avoided when there are
controlateral subclavian lesions.

Song et al reported 11 cases of csss treated by AAB with
100% of graft patency at 3 years of follow up and
freedom of skin erosion or graft infection in all cases.
[28]

CSB was first described for treatment of CSSS by
Diethrich in 1967 [27], and several studies have proved
that CSB is a safe and efficient strategy with low
potential for complication, and it offers excellent mid
and long term durability.[29,37-39]

In a review of carotid sub-clavian artery bypass with
PTFE performed for symptomatic stenosis or occlusion,
AbuRahma et al reported an overall 10-year primary
patency of 92% due to the shorteness of the graft length
.[29]

CSB is preferred to AAB essentially when the ipsilateral
carotid artery is free of lesions because in the presence
of carotid lesions, 5- and 10-year patency rates
decreases to 66.0 and 40.8%.

Another review of carotid subclavian bypass, performed
between 1991 and 2001 for symptomatic CSS due to
subclavian stenosis or occlusion not amenable to PTA and
stent, reported the efficacy of carotid subclavian bypass;
the results of the review showed that all bypasses have
remained patent and no patient developed recurrent
symptoms of MI. [6]
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CONCLUSION

The association of recurrent angina and history of CABG
surgery should alert us to suspect CSSS. Physical
examination followed by imaging modalities can easily
confirm the diagnosis.

REFERENCES

10.

Cua B, Mamdani N, Halpin D, Jhamnani S, Jayasuriya S,
Mena-Hurtado C. Review of coronary subclavian steal
syndrome. J Cardiol 2017;70:432-7.

Iglesias JF, Degrauwe S, Monney P, Glauser F, Qanadli SD,
Eeckhout E, et al. Coronary Subclavian Steal Syndrome
and Acute Anterior Myocardial Infarction: A New
Treatment Dilemma in the Era of Primary Percutaneous
Coronary Intervention. Circulation 2015;132:70-1.
Shadman R, Criqui MH, Bundens WP, Fronek A, Denenberg
JO, Gamst AC, et al. Subclavian Artery Stenosis:
Prevalence, Risk Factors, and Association With
Cardiovascular Diseases. J Am Coll Cardiol 2004;44:618-23.
English JL, Carell ES, Guidera SA, Tripp HF. Angiographic
prevalence and clinical predictors of left subclavian
stenosis in patients undergoing diagnostic cardiac
catheterization. Catheter Cardiovasc Interv 2001;54:8-11.
Harjola P-T, Valle M. The Importance of Aortic Arch or
Subclavian Angiography Before Coronary Reconstruction.
Chest 1974;66:436-8.

Paty PSK, Mehta M, Darling RC, Kreienberg PB, Chang BB,
Roddy SP, et al. Surgical Treatment of Coronary Subclavian
Steal Syndrome with Carotid Subclavian Bypass. Ann Vasc
Surg 2003;17:22-6.

Lobato EB, Kern KB, Bauder-Heit J, Hughes L, Sulek CA.
Incidence of coronary-subclavian steal syndrome in
patients undergoing noncardiac surgery. J Cardiothorac
Vasc Anesth 2001;15:689-92.

Tector AJ, Schmahl TM, Janson B, Kallies JR. The Internal
Mammary Artery Graft. It’s longevity after coronary
bypass. JAMA 1981 Nov 13;246(19):2181-3

Lytle BW, Loop FD, Cosgrove DM, Ratliff NB, Easley K,
Taylor PC. Long-term (5 to 12 years) serial studies of
internal mammary artery and saphenous vein coronary
bypass grafts. J Thorac Cardiovasc Surg 1985;89:248-58.
Shah P, Durairaj M, Gordon |, Fuller J, Rosalion A,
Seevanayagam S, et al. Factors affecting patency of
internal thoracic artery graft: clinical and angiographic
study in 1434 symptomatic patients operated between
1982 and 20021. Eur J Cardiothorac Surg 2004;26:118-24.

. Mangialavori G, Ballo P, Michelagnoli S, Ercolini L,

Revue Tunisienne de Cardiologie . Vol 17 N°1- 1¢ Trimestre 2021

Percutaneous treatment has recently emerged and some
authors consider it the first line strategy, however, it is
not always feasible and surgical revascularization, whose
long term patency is proved to be higher, becomes the
optimal therapeutic option.

12.

13.

14.

15.

16.

17.

18.

20.

21.

Barbanti E, Passuello F, et al. Subclavian steal syndrome
presenting as recurrent pulmonary oedema associated
with acute left ventricular diastolic dysfunction.
Cardiovasc Revasc Med 2013;14:45-8.

Hammami R, Charfeddine S, Elleuch N, Fourati H, Abid L,
Kammoun S. An unusual cause of ischemia after coronary
bypass grafting!! Rev Port Cardiol Engl Ed 2018;37:87.e1-
87.e5.

Kalayci B, Kalayci S. Acute coronary syndrome after
coronary subclavian steal syndrome treatment. Int J
Cardiovasc Acad 2017;3:54-6.

Rezende PC, da Costa LMA, Scudeler TL, Nakamura D,
Giorgi MCP, Hueb W. Recurrent Angina Caused by Coronary
Subclavian Steal Syndrome Confirmed by Positron Emission
Tomography. Ann Thorac Surg 2015;99:e111-4.

Fonseka N, Dunn J, Andrikopoulou E, Finkel J. Coronary
Subclavian Steal Syndrome. Am J Med 2014;127:e11-2.
Munk PS, Larsen Al, Fjetland L, Nilsen DWT. Acute
occlusion of the left subclavian artery causing a non-ST-
elevation myocardial infarction with subacute lung edema
due to a coronary subclavian steal syndrome—A case
report. Int J Cardiol 2006;108:139-41.

Dimas B, Lindsey JB, Banerjee S, Brilakis ES. ST-Segment
elevation acute myocardial infarction due to severe
hypotension and proximal left subclavian artery stenosis
in a prior coronary artery bypass graft patient. Cardiovasc
Revasc Med 2009;10:191-4.

Kursaklioglu H, Kose S, lyisoy A, Amasyali B, Celik T,
Aytemir K, et al. Coronary-Subclavian Steal Syndrome
Presenting with Ventricular Tachycardia. Yonsei Med J
2009;50:852.

. De Roeck F, Tijskens M, Segers VFM. Coronary-subclavian

steal syndrome, an easily overlooked entity in
interventional cardiology. Catheter Cardiovasc Interv
2020;96(3):614-9

Toprak C, Yesin M, Mustafa Tabakci M, Demirel M, Avci A.
Coronary Subclavian Steal Syndrome Evaluated with
Multimodality Imaging. Intern Med 2015;54:2717-20.

Marques KMJ, Suttorp  M-J, Plokker = HWT.
PercutaneousTransluminal Angioplasty of the Left
50



C. Ghannem & al.

22.

23.

24.

25.

26.

27.

28.

29.

Subclavian Artery to prevent or Treat the Coronary-
Subclavian Steal Syndrome. Am J Cardiol 1996;78(6):687-
90

Park K-H, Lee HY, Lim C, Chung ES, Sung S-W, Choi SI, et
al. Clinical impact of computerised tomographic
angiography performed for preoperative evaluation
before coronary artery bypass grafting. Eur J Cardiothorac
Surg 2010;37:1346-52.

Murai S, Itami H, Nishi K, Otsuka S, Kusaka N, Nishiura T,
et al. Coronary Subclavian Steal Syndrome Successfully
Treated with Subclavian Artery Stenting: A Report of 2
Cases. J Stroke Cerebrovasc Dis 2017;26:e64-8.

Angle JF, Matsumoto AH, McGraw JK, Spinosa DJ, Hagspiel
KD, Leung DA, et al. Percutaneous Angioplasty and
Stenting of Left Subclavian Artery Stenosis in Patients with
Left Internal Mammary-Coronary Bypass Grafts: Clinical
Experience and Long-Term Follow-up. Vasc Endovascular
Surg 2003;37:89-97.

Ahmed AT, Mohammed K, Chehab M, Brinjikji W, Hassan
Murad M, Cloft H, et al. Comparing Percutaneous
Transluminal Angioplasty and Stent Placement for
Treatment of Subclavian Arterial Occlusive Disease: A
Systematic Review and Meta-Analysis. Cardiovasc
Intervent Radiol 2016;39:652-67.

Satti SR, Golwala SN, Vance AZ, Tuerff SN. Subclavian
steal: Endovascular treatment of total occlusions of the
subclavian artery using a retrograde transradial
subintimal approach. Interv Neuroradiol 2016;22:340-8.
Diethrich EB, Garrett HE, Ameriso J, Crawford ES, El-
Bayar M, De Bakey ME. Occlusive disease of the common
carotid and subclavian arteries treated by carotid-
subclavian bypass. Am J Surg 1967;114:800-8.

Song L, Zhang J, Li J, Gu Y, Yu H, Chen B, et al.
Endovascular Stenting vs. Extrathoracic Surgical Bypass
for Symptomatic Subclavian Steal Syndrome. J Endovasc
Ther 2012;19:44-51.

AbuRahma AF, Robinson PA, Jennings TG. Carotid-
subclavian bypass grafting with polytetrafluoroethylene
grafts for symptomatic subclavian artery stenosis or

Revue Tunisienne de Cardiologie . Vol 17 N°1- 1¢ Trimestre 2021

30.

31.

32.

33.

34.

36.

37.

38.

39.

occlusion: A 20-year experience. J Vasc Surg 2000;32:411-
9.

Linni K, Ugurluoglu A, Mader N, Hitzl W, Magometschnigg
H, Holzenbein TJ. Endovascular Management versus
Surgery for Proximal Subclavian Artery Lesions. Ann Vasc
Surg 2008;22:769-75.

Schillinger M, Haumer M, Schillinger S, Ahmadi R, Minar E.
Risk Stratification for Subclavian Artery Angioplasty: Is
There an Increased Rate of restenosis after stent
implantation. J endovasc ther 2001;8(6):550-7.

Al-Jundi W, Saleh A, Lawrence K, Choksy S. A Case Report
of Coronary-Subclavian Steal Syndrome Treated with
Carotid to Axillary Artery Bypass. Case Rep Med
2009;2009:1-3.

Tiryakioglu O, Kaya U, Tiryakioglu S. The place of
carotico-subclavian bypass surgery in angina treatment.
Heart Views 2013;14:82.

Bates MC, AbuRahma AF, Stone PA. Restenting for
Subclavian In-Stent Restenosis With Symptomatic
Recurrent Coronary-Subclavian Steal. J Endovasc Ther
2002;9(5):676-9.

. AbuRahma AF, Bates MC, Stone PA, Dyer B, Armistead L,

Dean LS, et al. Angioplasty and Stenting Versus Carotid-
Subclavian Bypass for the Treatment of Isolated
Subclavian Artery Disease. J Endovasc Ther
2007;14(5):698-704.

Modarai B, Ali T, Dourado R, Reidy JF, Taylor PR, Burnand
KG. Comparison of extra-anatomic bypass grafting with
angioplasty for atherosclerotic disease of the supra-aortic
trunks. Br J Surg 2004;91:1453-7.

Perler BA, Williams GM. Carotid-subclavian bypass—A
decade of experience. J Vasc Surg 1990;12:716-23.
Owens LV, Tinsley EA, Criado E, Burnham SJ, Keagy BA.
Extrathoracic reconstruction of arterial occlusive disease
involving the supraaortic trunks. J Vasc Surg 1995;22:217-22.
Kim M-S, Paeng JC, Kim K-B, Hwang HY. Left Carotid-to-
Subclavian Artery Bypass Grafting for Recurrent Angina
Caused by Coronary-Subclavian Steal Syndrome. Korean J
Thorac Cardiovasc Surg 2013;46:84-7.

51



