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Background Myocardial infarction on non-occluded coronary artery represents a very specific subset of acute coronary syndrome (ACS). 
Coronary subclavian steal syndrome (CSSS) is defined by a left subclavian artery stenosis in case of (i) left internal mammary artery 
(LIMA) used to bypass left anterior descending artery (LAD) and (ii) >75% stenosis of the left subclavian artery prior to the origin of 
the LIMA to LAD graft. Here we report the case of a CSSS causing ACS.

Case summary A 71-year-old man with history of LIMA to LAD coronary artery bypass surgery was admitted to the nephrology intensive care unit 
for acute kidney injury requiring dialysis. Due to rapid deterioration, altered left ventricular ejection fraction and elevated c-troponin 
levels, an urgent coronary angiography was performed. It revealed a subtotal occlusion of the left subclavian artery prior to the 
origin of the LIMA to LAD graft. This was responsible for a severely altered coronary flow in the LIMA and LAD. 
Revascularization of the proximal left subclavian artery with a stent was performed, enabling instant recovery of distal coronary 
flows.

Discussion ACS due to CSSS in this report highlights the complexity of the cardio–renal interaction. Patients with coronary artery bypass graft 
and chronic kidney disease commonly exhibit a higher risk for severe progression of atherosclerosis at multiple sites. CSSS treat-
ments include secondary prevention measures and revascularization (if indicated) such as an endovascular approach.
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Learning points
• Coronary subclavian steal syndrome (CSSS) is a presumed to be rare complication. It can only exist if the bypass is located behind a 

subclavian stenosis.

• CSSS treatments include secondary prevention measures after coronary artery bypass graft and regular cardiovascular medical visits. If 
revascularization is indicated, the first-line strategy involves an endovascular approach.

• Step-by-step angioplasty technique for CSSS is challenging. It requires multidisciplinary skills to both treat the vascular target lesion and 
control the bypass.

* Corresponding author. Tel: +33 369550582, Fax: +33 369551736, Email: olivier.morel@chru-strasbourg.fr
Handling Editor: Grigoris Karamasis
Peer-reviewers: Lina Ya’qoub; Helle Søholm
Compliance Editor: Abdelsalam Bensaaud
Supplementary Material Editor: Deepti Ranganathan
© The Author(s) 2022. Published by Oxford University Press on behalf of the European Society of Cardiology. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits 
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

mailto:olivier.morel@chru-strasbourg.fr
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/ehjcr/ytac367


2                                                                                                                                                                                             A. Carmona et al.

Introduction
Ischaemic trigger represents the most common cause of cardiogenic 
shock,1 and it occurs frequently in the setting of acute coronary syn-
drome (ACS) regardless of whether ST-segment elevation is present. 
Myocardial infarction with non-occluded coronary arteries 
(MINOCAs) represent a very specific subset of ACS that involves cor-
onary dissection, coronary spasm, coronary thromboembolism, myo-
carditis, Takotsubo syndrome and supply–demand mismatch.2

Coronary subclavian steal syndrome (CSSS) is a cause of MINOCA, 
and it is characterized by inversion of flow in the internal thoracic artery 
due to subclavian artery’s stenosis ahead of the left internal mammary 
artery (LIMA). Stenosis of the subclavian artery is evidenced in 11.8% of 
patients with coronary artery disease that require coronary artery by-
pass graft (CABG) and known for peripheral arterial disease. CSSS oc-
curs in 0.2–6.8% of CABG with LIMA. The most common cause for 
subclavian artery stenosis is atherosclerosis, and more rarely arteritis, 
radiation, fibromuscular dysplasia, and compression syndromes.3This 
report presents a case of a CSSS causing an ACS.

Timeline

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Date Event

Day 1 A patient with a history of coronary artery bypass surgery was 
referred to the emergency department with deteriorating 

general condition and oliguria.

Day 3 The patient was transferred to the nephrology intensive care 
unit for dialysis due to severe acute kidney injury.

Day 6 Acute heart failure and worsening clinical condition required 

emergency haemodialysis and non-invasive ventilation. A 
coronary angiography was performed because of elevated 

cardiac troponin levels and a global impairment in left 

ventricular systolic function with left ventricular ejection 
fraction (LVEF) of 20%. It revealed significant stenosis of the 

middle left circumflex artery (LCX) and a subtotal occlusion 

stenosis of the left subclavian artery prior to the origin of the 
left internal mammary artery (LIMA) to left anterior 

descending artery (LAD) graft. The patient was treated with 

angioplasty of the middle LCX and angioplasty of the left 
subclavian artery.

Day 9 Post-procedural echocardiography indicated a LVEF of 40%. 

Dobutamine was discontinued without complication.
Day 21 Recovery of diuresis. Discontinuation of dialysis therapy.

Day 39 The patient was discharged home on Day 39 due to marked 

socio-economic precarity, a lack of access to domiciliary care, 
and difficulties in access to rehabilitation and care services.

Case presentation
A 71-year-old man was referred to the emergency department for de-
terioration of general condition, chest pain, abdominal pain, and oliguria 
evolving for 7 days. The patient had history of ischaemic heart disease 
with prior revascularization by percutaneous angioplasty with a bare 
metal stent of the right coronary artery (RCA) in 2009. Further 

coronary artery bypass grafting (CABG) involving the left internal mam-
mary artery (LIMA) used to bypass an occlusion of the left anterior des-
cending artery (LAD) was obtained later in 2009. Known left ventricular 
ejection function (LVEF) was 50%, and past medical history included a 
chronic kidney disease (stage G3B A3; creatinine level 149 µmol/L) of 
diabetic origin, chronic obstructive pulmonary disease GOLD Stage 
IIIA, hypertension, dyslipidemia, and Type 2 diabetes with insulin ther-
apy. The patient had no history of peripheral vascular disease or verteb-
robasilar insufficiency.

The biological assessment showed acute renal failure of undeter-
mined origin associated with hypokalaemia in an anuric patient. The 
physical examination was unremarkable, with an initial blood pressure 
(BP) of 125/79 mm Hg in the right arm, a heart rate of 98 beats/min 
and no sign of heart failure (no signs of right or left heart failure, no sig-
nificant heart murmur and no chest pain). The electrocardiogram 
(ECG) showed no ST-segment changes. Laboratory examinations at 
admission revealed an acute kidney injury (AKI) with a markedly ele-
vated creatinine level at 262 µmol/L (normal range: 49–90 µmol/L) 
and hypokalaemia (K+ = 2.12 mmol/L, normal range: 3.5–5 mmol/L). 
The initial high-sensitivity cardiac troponin I was 418 ng/L (normal 
range: <57 ng/L). Due to AKI and anuria, the patient was transferred 
to the nephrology intensive care unit.

The patient rapidly experienced acute heart failure and worsening 
clinical status that required emergent haemodialysis and non-invasive 
ventilation. Haemodynamic parameters (heart rate and BP) were still 
normal (99/61 mmHg in the right arm and 78 beats per minute, re-
spectively), and the physical examination revealed orthopnea with signs 
of acute pulmonary oedema. Lactate measurement was still normal at 
this time. The relative kinetic change of high-sensitivity cardiac troponin 
I was 6.395% (249.930 ng/L; normal range: <57 ng/L). In contrast to the 
initial ECG, a repeat ECG showed new and discreet ST-segment de-
pression in lateral leads (V5, V6, and aVL) and ST-segment elevation 
in aVR. A transthoracic echocardiography (TTE) revealed a severely 
impaired LVEF of 20%, a global hypokinesis of the LV with no specific 
regional wall motion abnormalities and a decreased cardiac index of 
1.5 L/min/m² (normal: 2.8–4.2 L/min/m2).

Due to rapid deterioration, medical management included aggressive 
medical therapy with inotropic support and urgent coronary angiog-
raphy by right femoral access. The presence of myocardial ischaemia 
was not tested because of the low cardiac output, the very high level 
of troponin, and the severe impairment of LVEF highly suggestive of car-
diogenic shock with an ongoing ischaemic trigger. The coronary angiog-
raphy demonstrated a chronic occlusion of the proximal LAD, a 
significant stenosis of the middle left circumflex artery (LCX) 
(Figure 1 and Supplementary material online, Video S1) and a permeable 
RCA. A subtotal occlusion stenosis of the left subclavian artery prior to 
the origin of the LIMA to LAD graft was evidenced and responsible for a 
low coronary flow in the LIMA and LAD (Figure 2 and Supplementary 
material online, Video S2).

Successful angioplasty of the middle LCX was performed with two 
Orsiro stents (Biotronik®) (Figure 3 and Supplementary material 
online, Video S3). The angioplasty was performed using a 3.75 6 
French Extra Back Up catheter. A Balance Middleweight (Abbott®) 
0.014 guidewire was used to catheterize the lesion in the middle 
LCX over which pre-dilation of the coronary lesion was conducted 
using by a Ryurei (Terumo®) 2.5*20 mm balloon inflated to 14 atmo-
spheres for a maximum of 10 s. Then, the two Orsiro stents 
(Biotronik®) were deployed using the same guidewire. The left sub-
clavian artery stenosis was crossed with a Terumo Angled 0.035 mm 
guidewire (Terumo®) in a JR4 catheter 6F 125 cm catheter 
(Medtronic®). The guidewire was changed by a Starter J 0.35 260 cm 
(Boston Scientific®) to facilitate the change to a Performer 12F X 
80 cm catheter (Cook®). The stenosis was predilated using a 
Mustang balloon of 8 mm × 40 mm × 75 cm (Boston Scientific®). 
Then, implantation of a 10*38 mm Lifestream stent (Bard Medical®) 
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impacted at 16 atmospheres was performed. This helped restoring 
blood flow in the LIMA (Figure 4 and Supplementary material online, 
Video S4). LIMA angiography was finally performed and showed no 

occlusion, stenosis nor thrombosis in the LIMA and the distal LAD 
(Figure 5 and Supplementary material online, Video S5).

Post-procedural echocardiography indicated a LVEF of 40%. Rapid 
recovery of diuresis and baseline renal function were observed. The pa-
tient was discharged 33 days after the procedure. Dual antithrombotic 
therapy at discharge included aspirin (75 mg/day continuously) and a 
P2Y12 inhibitor (Clopidogrel 75 mg/day) for 12 months.

Discussion
There is only a limited number of case reports or case series in the avail-
able literature regarding CCCS. The present case is unique in the way 
that we report a CSSS responsible for cardiogenic shock, and such clinical 
presentation has not been described before to our knowledge. Finally, 
we discuss the step-by-step angioplasty technique for CSSS with high 
quality imaging, highly relevant to fellows and EHJ readers involved in 
everyday practice in Cath labs. CSSS is defined by left subclavian artery 
stenosis in the case of (i) the LIMA being used to bypass a LAD stenosis 
or occlusion, and (ii) >75% stenosis of the left subclavian artery prior to 
the origin of the LIMA to LAD graft.4 CSSS is a presumed to be rare com-
plication, but can occur in 0.2–6.8% of patients with a LIMA graft.3

First, this case report highlights the complexity of the cardiorenal 
interaction in patients presenting with cardiogenic shock and the im-
portance of measuring BP sequentially or simultaneously in both 
arms. Indeed, measurement of BP was only performed in the right 
arm in the present case. A substantial difference in BP from one arm 
to the other (right to left gradient) would have been a warning sign 
for a stenosis of the left subclavian artery.5 Second, patients with 
CABG and chronic kidney disease commonly exhibit a higher risk for 
severe progression of atherosclerosis at multiple sites .6,7 In this report, 
the patient underwent careful duplex evaluation of the carotid, verte-
bral and subclavian arteries as part of the pre-operative vascular 

Figure 2 Left subclavian angiogram. Left subclavian angiogram re-
vealing a subtotal occlusion of the left subclavian artery responsible 
for a low coronary flow in the left internal mammary artery and distal 
left anterior descending artery.

Figure 1 Left coronary angiogram. Angiogram of the left coronary 
artery revealing a chronic occlusion of the proximal left anterior des-
cending artery and a significant stenosis (90–99%) of the middle cir-
cumflex artery.

Figure 3 Left coronary angiogram after circumflex stent implant-
ation. Left coronary angiogram after circumflex angioplasty showed 
a successful implantation of active stent with TIMI 3 perfusion.
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assessment before CABG. Pre-operative vascular assessment was 
normal in 2009. Chronic kidney disease is commonly associated 
with an increase in atherosclerotic burden,8 and the quick 

progression of atherosclerosis in this case was likely multifactorial 
(diabetes, hypertension, dyslipidaemia, overweight and coronary ar-
tery disease). Finally, CSSS treatments include secondary prevention 
measures after CABG such as controlling risk factors, adhering to 
evidence-based secondary preventive medications (e.g. antithrom-
botic therapy and statins) and regular cardiovascular medical visits.9

If revascularization is indicated: the first-line strategy involves an en-
dovascular approach,3 and surgery should only be considered as a 
rescue strategy.9

Conclusions
Patients with CABG and chronic kidney disease commonly exhibit a 
higher risk of progression for non-coronary atherosclerosis. The pre-
sent case highlights the clinical scenario of a de novo left subclavian ar-
tery stenosis responsible for CSSS.
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