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Background: While internal mammary artery (IMA) has become a major conduit of coronary artery 
bypass graft (CABG) surgery, subclavian artery stenosis (SAS) could cause subsequent coronary events due 
to ischemia of myocardial territory supplied by IMA. Clinical characteristics and cardiovascular outcomes of 
SAS-related IMA failure (SAS-IMAF) remain to be fully determined yet. Therefore, the current study was 
designed to characterize SAS-IMAF in patients receiving CABG with IMA.
Methods: This is a retrospective observational study which analyzed 380 patients who presented acute 
coronary syndrome/stable ischemic heart disease (ACS/SIHD) after CABG using IMA (2005.01.01–
2020.10.31). SAS-IMAF was defined as the presence of myocardial ischemia/necrosis caused by SAS. Clinical 
characteristics and cardiovascular outcomes [major adverse cardiovascular events (MACE) = cardiac death 
+ non-fatal myocardial infarction + non-fatal ischemic stroke], were compared in subjects with and without 
SAS-IMAF. Multivariate Cox proportional hazards model and propensity score-matched analyses were used 
to compare cardiovascular outcomes between those with and without SAS-IMAF.
Results: SAS-IMAF was identified in 5.5% (21/380) of study subjects. Patients with SAS-IMAF are more 
likely had a history of hemodialysis (P<0.001), stroke (P<0.001) and lower extremity artery disease (P<0.001). 
Furthermore, SAS-IMAF patients more frequently presented ACS (P=0.002) and required mechanical 
support (P=0.02). Despite SAS as a culprit lesion causing ACS/SIHD, percutaneous coronary intervention 
was firstly selected in 47.6% (10/21) of them. Consequently, 33.3% (7/21) of SAS-IMAF patients required 
additional revascularization procedure (vs. 0.3%, P<0.001). During 4.9-year observational period, SAS-
IMAF exhibited a 5.82-fold [95% confidence interval (CI): 2.31–14.65, P<0.001] increased risk of MACE. 
Multivariate Cox proportional hazards model [hazard ratio (HR) 4.04, 95% CI: 1.44–11.38, P=0.008] and 
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Introduction

Internal mammary artery (IMA) has become a major 
conduit of coronary artery bypass graft (CABG) surgery 
with its favorable long-term patency. This is based on 
accumulating evidences which showed greater durability of 
IMA compared to saphenous vein and radial artery grafts. 
One observational study conducted follow-up angiography 
at 10 years after CABG. In this study, the patency of IMA 
at 10 years was 85%, which was better than saphenous vein 
graft (61%) (1). However, coronary events still occur after 
CABG using IMA due to such as progression of native 
coronary artery and/or failure of bypass graft itself.

In addition to these mechanisms, subclavian artery 
stenosis (SAS) could be another cause. Given that 
subclavian artery supplies blood to IMA, its atherosclerotic 

progression could induce ischemia of myocardial territory 
supplied by IMA. Published case reports have shown 
functional ipsilateral IMA graft failure due to SAS or 
coronary subclavian steal syndrome (2-5). However, there 
is no systematic analysis which focuses on how SAS affects 
cardiovascular outcomes in patients who received CABG 
using IMA. Since IMA is mostly anastomosed to left 
anterior descending (LAD) artery, IMA supplies a large area 
of myocardium, and therefore, the presence of SAS may 
profoundly worsen cardiovascular outcomes in the setting of 
CABG using IMA. The current study sought to characterize 
SAS-IMAF in patients receiving CABG with IMA. We 
present this article in accordance with the STROBE 
reporting checklist (available at https://cdt.amegroups.com/
article/view/10.21037/cdt-23-211/rc).

Methods

Study population

The current study retrospectively analyzed 677 consecutive 
patients with a history of CABG who were hospitalized due 
to acute coronary syndrome (ACS) or stable ischemic heart 
disease (SIHD) at National Cerebral and Cardiovascular 
Center (January 1st, 2005 to October 31st, 2020). ACS 
included ST-segment elevation myocardial infarction 
(STEMI) and non-ST-segment elevation myocardial 
infarction (NSTEMI) according to the third universal 
definition of myocardial infarction (MI). In addition, 
unstable angina pectoris (UAP) which did not show any 
elevation of cardiac enzyme was also included into the 
current analysis (6). SIHD was defined as documentation 
of ischemic heart disease in the absence of recent acute  
events (7). Of these, the following patients were excluded: 
those who had received CABG without using IMA (n=67) 
and those without any evaluation of subclavian artery 
(n=230). As a consequence, the remaining 380 patients 
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were included into the current analysis (Figure S1). The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by the ethics committee of the National Cerebral and 
Cardiovascular Center (research project No. R21053). 
Informed consent was not obtained due to the retrospective 
and observational analysis of hospitalized patients.

Definition of SAS and SAS-IMAF

At the index of coronary angiography (CAG), subclavian 
artery angiography was concomitantly conducted to 
evaluate the severity of SAS including its percent diameter 
stenosis and pressure gradient. Percent diameter stenosis of 
SAS was measured by quantitative CAG analysis (QAngio® 
XA, Medis, Leiden, the Netherlands). Pressure gradient was 
measured by recording arterial pressure through manual 
pullback of the 5 French Judkins Right 3.5 or 4.0 catheter 
from the subclavian artery to the aortic artery. In the case 
of SAS exhibiting very severe stenosis or its occlusion, two  
5 French Judkins Right catheters were positioned at 
the aortic artery and the distal site of subclavian artery, 
respectively. Then, pressure gradient was measured. SAS was 
defined as a lesion which fulfilled the following two criteria: 
percent diameter stenosis ≥50% and pressure gradient 
≥15 mmHg (8,9). SAS-IMAF was defined as the presence 
of myocardial ischemia caused by SAS. The presence of 
myocardial ischemia was evaluated by electrocardiogram 
(ECG), single photon emission computed tomography, 
coronary flow reserve using transthoracic echocardiography 
or steal phenomenon on angiography.

Therapeutic management and antithrombotic therapy

Following diagnostic coronary and subclavian artery 
angiography, interventional cardiologists decided 
therapeutic management. In the case of percutaneous 
coronary intervention (PCI), all procedural decisions 
including device selection, the use of mechanical support 
and adjunctive pharmacotherapy were made according 
to the discretion of the individual PCI operator. When 
endovascular treatment (EVT) for SAS or surgery was 
considered to be required, heart team discussion with 
cardiac surgeon and neurosurgeon was undergone to select 
appropriate revascularization therapy. With regard to 
antithrombotic therapy, loading of dual antiplatelet therapy 
(DAPT, 200 mg aspirin + 300 mg clopidogrel or 20 mg 
prasugrel) was performed prior to primary PCI. After the 

completion of the procedure, DAPT with its approved 
maintenance dose in Japan (100 mg/day aspirin + 75 mg/day  
clopidogrel or 3.75 mg/day prasugrel) was continued for at 
least 1 year for ACS or 6 months for SIHD. The selection 
and duration of DAPT after EVT or surgery was conducted 
by each physician’s discretion. In patients with atrial 
fibrillation, anticoagulation agent (vitamin K antagonist 
or direct oral anticoagulant) was added according to the 
Japanese Circulation Society guideline (10).

Outcomes

The primary outcome was defined as the occurrence 
of major adverse cardiovascular events (MACE) which 
consisted of a composite of cardiac death, non-fatal MI 
and non-fatal ischemic stroke. Ischemic stroke was defined 
as lacunar infarction, atherothrombotic brain infarction 
or cardioembolic infarction. The secondary outcome was 
defined as the occurrence of each component of primary 
outcome (cardiac death, non-fatal MI and non-fatal ischemic 
stroke). These outcomes were firstly obtained through 
reviewing the medical records. If needed, questionnaire 
was conducted by mail or telephonic follow-up. A clinical 
event committee consisting of two cardiologists (N.T. and 
Y.K.) and another referee (M.F.) in case of disagreement 
adjudicated all events based on the aforementioned original 
source documents of outcomes.

Statistical analysis

Continuous variables were expressed as the mean ± 
standard deviation and compared using the t-test if 
data were normally distributed. Categorical variables 
were compared using the Fisher exact test or the Chi-
square test as appropriate. The Kaplan-Meier method 
was used to estimate survival curves for primary and 
secondary outcomes, and the log-rank test was used to 
assess differences between patients with and without SAS-
IMAF. Unadjusted hazard ratios (HRs) for primary and 
secondary outcomes were calculated by a univariate Cox 
proportional hazards model. Adjusted HRs were calculated 
by a multivariate Cox proportional hazards model with a P 
value <0.15. All P values <0.05 were considered statistically 
significant. To conduct propensity score matching (PSM) 
analysis for balancing the baseline characteristics of patients 
with and without SAS-IMAF, we obtained propensity score 
by using multivariable logistic regression models, with the 
depending variable of SAS-IMAF and following covariates: 
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age, gender, kidney function, left ventricular ejection 
fraction (LVEF), ACS and the use of statin. The settings of 
PSM were variable-rate (one-to-many) matching which is 
reported as well-removing bias method (11-13), and caliper 
of 0.25 to balance the patients with and without SAS-
IMAF. After obtaining the matched group patients with and 
without SAS-IMAF, we performed Cox regression analysis 
and obtained HRs with 95% confidence interval (CI) (14). 
R version 4.1.2 (R Foundation for Statistical Computing, 
Vienna, Austria) and MatchIt version 4.3.0. All analyses 
were performed with JMP version 13.0.0 (SAS Institute, 
Cary, NC, USA).

Results

Prevalence and characteristics of SAS-IMAF

In the current study, SAS-IMAF was observed in 5.5% 
(21/380) of study subjects (Figure 1). Table 1 summarizes 
clinical demographics. Patients with SAS-IMAF were more 
likely to have a history of hemodialysis (42.9% vs. 10.3%, 
P<0.001), stroke (52.4% vs. 19.5%, P<0.001) and lower 
extremity artery disease (LEAD, 66.7% vs. 19.8%, P<0.001). 
In addition, they more frequently had chronic kidney 
disease (76.2% vs. 57.1%) and a lower LVEF (42.8%±15.3% 
vs. 48.5%±12.8%), but these comparisons did not meet 
statistical significance (P=0.09 and 0.05, respectively). Of 
note, patients with SAS-IMAF presented ACS (71.4% vs. 

37.9%) rather than SIHD (28.6% vs. 62.1%, P=0.002). 
The averaged duration from CABG to coronary events 
was 9.0±6.3 years (P=0.86). The frequency of the use of 
left and bilateral IMA was 63.7% and 32.1%, respectively 
(P=0.09). With regard to anastomosis designs of IMA, left 
IMA was anastomosed to LAD alone in 55.5% of study 
subjects (P=0.55), followed by its anastomosis to multiple 
native coronary arteries including LAD in 30.0% of them 
(P=0.88, Table 1). Detailed clinical and angiographical 
characteristics of SAS-IMAF were summarized by Table 2.  
Most of SAS (90.5%, 19/21) was located at the left 
subclavian artery, and one patient (4.8%, 1/21) had multiple 
SASs at both subclavian arteries. Percent diameter stenosis 
and averaged pressure gradient of SAS were 78.2%±19.0% 
and 41.3±17.5 mmHg, respectively. Over 60% of SAS had 
visible calcification on angiography. Of particular interests, 
there were nine SAS-IMAF patients who had already 
received maintenance hemodialysis, and 88.9% of them had 
arteriovenous access at the same side of IMA graft (Table 2), 
which suggested arteriovenous access as a potential cause of 
coronary steal phenomenon through SAS in these cases.

Therapeutic management of SAS-IMAF

Summary of revascularization and medical therapies are 
shown in Table 3. In patients with SAS-IMAF, despite SAS 
as a culprit lesion causing ACS/SIHD, PCI was firstly 

Stenosis of
bypass graft

15% (=57/380)

• SVG n=27

• IMA n=18

• RA n=11

• GEA n=1

Progression of
native coronary artery

76.8% (=292/380)

• LMT n=11

• LAD n=50

• RCA n=139

• LCX n=83

• Multivessel n=9

Progression of native coronary artery and

stenosis of bypass graft

2.6% (=10/380)

SAS-IMAF

5.5% (=21/380)

Figure 1 Causes for ACS/SIHD in patients with a history of CABG using IMA. ACS/SIHD, acute coronary syndrome/stable ischemic 
heart disease; CABG, coronary artery bypass graft; IMA, internal mammary artery; SAS-IMAF, subclavian artery stenosis related internal 
mammary artery failure; SVG, saphenous vein graft; RA, radial artery; GEA, gastroepiploic artery; LMT, left main trunk; LAD, left anterior 
descending artery; RCA, right coronary artery; LCX, left circumflex artery.
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Table 1 Clinical demographics

Variables Overall (n=380) SAS-IMAF (+) (n=21) SAS-IMAF (−) (n=359) P value

Age (years) 72.5±8.5 74.4±6.7 72.4±8.6 0.28

Female 59 (15.5) 1 (4.8) 58 (16.2) 0.16

Hypertension 331 (87.1) 20 (95.2) 311 (86.6) 0.25

Dyslipidemia 313 (82.4) 16 (76.2) 297 (82.7) 0.44

Type 2 DM 224 (58.9) 13 (61.9)  211 (58.8) 0.78

Smoking 49 (12.9) 5 (23.8) 44 (12.3) 0.13

CKD 221 (58.2) 16 (76.2) 205 (57.1) 0.09

Hemodialysis 46 (12.1) 9 (42.9) 37 (10.3) <0.001

Previous MI 140 (36.8) 9 (42.9) 131 (36.5) 0.56

Previous stroke 81 (21.3) 11 (52.4) 70 (19.5) <0.001

LEAD 85 (22.4) 14 (66.7) 71 (19.8) <0.001

LVEF (%) 48.2±13.0 42.8±15.3 48.5±12.8 0.05

Clinical diagnosis of ACS/SIHD 0.002

ACS 151 (39.7) 15 (71.4) 136 (37.9)

STEMI 20 (5.3) 0 20 (5.6)

NSTEMI 49 (12.9) 5 (23.8) 44 (12.3)

UAP 82 (21.6) 10 (47.6) 72 (20.1)

SIHD 229 (60.3) 6 (28.6) 223 (62.1)

AP 93 (24.5) 3 (14.3) 90 (25.1)

SMI 136 (35.8) 3 (14.3) 133 (37.0)

Characteristics of CABG using IMA

Duration from CABG (years) 9.0±6.3 9.2±5.4 9.0±6.4 0.86

The use of IMA 0.09

LIMA 242 (63.7) 17 (81.0) 225 (62.7)

RIMA 16 (4.2) 1 (4.8) 15 (4.2)

Both 122 (32.1) 3 (14.3) 119 (33.1)

Anastomosis designs of IMA 

Isolated anastomosis of LIMA to LAD 211 (55.5) 13 (61.9) 198 (55.2) 0.55

Anastomosis of LIMA to multiple native coronary 
arteries including LAD

114 (30.0) 6 (28.6) 108 (30.1) 0.88

Isolated anastomosis of RIMA to LAD 32 (8.4) 1 (4.8) 31 (8.6) 0.53

Anastomosis of RIMA to multiple native
coronary arteries including LAD

9 (2.4) 1 (4.8) 8 (2.2) 0.46

Anastomosis of IMA to RCA/LCX 14 (3.7) 0 14 (3.9) 0.36

Data are presented as mean ± standard deviation or n (%). SAS-IMAF, subclavian artery stenosis related internal mammary artery failure; 
DM, diabetes mellitus; CKD, chronic kidney disease; MI, myocardial infarction; LEAD, lower extremity artery disease; LVEF, left ventricular 
ejection fraction; ACS, acute coronary syndrome; SIHD, stable ischemic heart disease; STEMI, ST-segment elevation myocardial infarction; 
NSTEMI, non-STEMI; UAP, unstable angina pectoris; AP, angina pectoris; SMI, silent myocardial ischemia; CABG, coronary artery bypass 
grafting; IMA, internal mammary artery; LIMA, left IMA; RIMA, right IMA; LAD, left anterior descending artery; RCA, right coronary artery; 
LCX, left circumflex artery.



Cardiovascular Diagnosis and Therapy, Vol 13, No 6 December 2023 961

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2023;13(6):956-967 | https://dx.doi.org/10.21037/cdt-23-211

selected in 47.6% (10/21) of them to treat stenosis within 
native coronary arteries, which was significantly lower than 
those without SAS-IMAF (47.6% vs. 79.9%, P<0.001). The 
remaining 52.4% (11/21) of SAS-IMAF subjects received 
revascularization of SAS, which included EVT (n=10) and 
bypass surgery (n=1). Importantly, mechanical support 
was more frequently used in patients with SAS-IMAF 
(14.3% vs. 3.6%, P=0.02). Following these initial therapies, 
33.3% (7/21) of SAS-IMAF patients required additional 
revascularization procedure (vs. 0.3%, P<0.001), which was 
mainly for SAS causing ACS/SIHD. The detailed timing 
of initial and additional revascularization procedures in 
patients with SAS-IMAF was summarized in Table S1.

There were no significant differences in the use of 
DAPT (76.2% vs. 67.4%, P=0.53), β-blocker (85.7% vs. 
80.5%, P=0.56), and statin (71.4% vs. 77.2%, P=0.55), 
whereas angiotensin-converting enzyme (ACE) inhibitor or 
angiotensin II receptor blocker (ARB) was less frequently 
used in patients with SAS-IMAF (33.3% vs. 57.4%, P=0.03, 
Table 3). In the current study, on-treatment low-density 
lipoprotein-cholesterol (LDL-C), systolic blood pressure 
and diastolic blood pressure levels were obtained in 84.2% 
(320/380) of study subjects. These risk controls did not differ 
between those with and without SAS-IMAF (Table S2). 

Cardiovascular outcomes of SAS-IMAF

The follow-up period was from January 1st, 2005 to October 
31st, 2021. During the observational period (median  
=4.9 years, interquartile range: 1.8 to 5.0 years), there were 
50 MACE, 29 cardiac death, 7 non-fatal MI and 21 non-
fatal ischemic stroke (Table S3). SAS-IMAF was associated 
with a 5.82-fold (95% CI: 2.31–14.65, P<0.001) greater 
likelihood of experiencing MACE (Figure 2, Table 4). Even 
after adjusting for age and gender (Model 1), and other 
covariates including medication use (DAPT, β-blocker, ACE 
inhibitor or ARB, and statin) (Model 2), SAS-IMAF was 
still an independent predictor of MACE (Model 1: HR 5.34, 
95% CI: 2.10–13.57, P<0.001; Model 2: HR 4.04, 95% CI: 
1.44–11.38, P=0.008; Table 4 and Table S4). Furthermore, 
increased risks of non-fatal MI and non-fatal ischemic stroke 
were observed in patients with SAS-IMAF (non-fatal MI: 
HR 7.45, 95% CI: 1.36–40.94, P=0.02; non-fatal ischemic 
stroke: HR 6.68, 95% CI: 2.17–20.52, P<0.001), whereas 
SAS-IMAF did not predict cardiac death (Figure 3A-3C,  
Tables S5-S7). On multivariate analysis, SAS-IMAF 
still continued to predict the occurrence of non-fatal 
ischemic stroke (HR 7.72, 95% CI: 2.33–25.58, P<0.001, 
Table S7). In 320 patients with on-treatment LDL-C, 
systolic blood pressure and diastolic blood pressure levels, 
multivariate analyses adjusting this risk controls consistently 
demonstrated the association of SAS-IMAF with the 
occurrence of MACE (HR 5.55, 95% CI: 1.54–20.07, 
P=0.009; Table S8). PSM analysis was conducted to further 
analyze the relationship of SAS-IMAF with the occurrence 
of MACE. This analysis matched 21 and 53 patients with 
and without SAS-IMAF, respectively, and were well matched 
(Table S9). Even in this PSM cohort, SAS-IMAF continued 
to predict the occurrence of MACE significantly (HR 2.67, 
95% CI: 1.06–6.73, P=0.038; Figure S2, Table S10). The 
occurrence of MACE was further evaluated in subjects 

Table 2 Clinical characteristics of patients with SAS-IMAF

Variables SAS-IMAF (n=21)

Characteristics of SAS

Location

Right 1 (4.8)

Left 19 (90.5)

Both 1 (4.8)

Site of SAS

Ostial 10 (47.6)

Non-ostial 11 (52.4)

Angiographic features

%DS 78.2±19.0

PG (mmHg) 41.3±17.5

Calcification 14 (66.7)

Suggestive findings of myocardial ischemia/necrosis

Steal phenomenon on angiography 8 (38.1)

Ischemic change of ECG 5 (23.8)

Reversible perfusion defect on SPECT 6 (28.6)

Abnormal CFR (<2.0) using TTE 2 (9.5)

Features related to hemodialysis

Maintenance hemodialysis 9 (42.9)

AV access at the same side of IMA graft 8 (38.1)

Data are presented as n (%) or mean ± standard deviation. 
SAS-IMAF, subclavian artery stenosis related internal mammary 
artery failure; DS, diameter stenosis; PG, pressure gradient; 
ECG, electrocardiogram; SPECT, single photon emission 
computed tomography; TTE, transthoracic echocardiography; 
AV, arteriovenous; IMA, internal mammary artery.
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Table 3 Comparison of therapeutic management

Variables Overall (n=380) SAS-IMAF (+) (n=21) SAS-IMAF (−) (n=359) P value

Initial revascularization strategy, n (%)

PCI 297 (78.2) 10 (47.6) 287 (79.9) <0.001

Re-CABG 6 (1.6) 0 6 (1.7) 0.55

Revascularization for SAS 11 (2.9) 11 (52.4) – –

EVT 10 (2.6) 10 (47.6) – –

Bypass surgery 1 (0.3) 1 (4.8) – –

Mechanical support 16 (4.2) 3 (14.3) 13 (3.6) 0.02

Additional revascularization procedure, n (%)

Frequency 8 (2.1) 7 (33.3) 1 (0.3) <0.001

Re-CABG 1 (0.3) 0 1 (0.3) 0.81

Revascularization for SAS 7 (1.8) 7 (33.3) – –

EVT 6 (1.6) 6 (28.6) – –

Bypass surgery 1 (0.3) 1 (4.8) – –

Medication at discharge, n (%)

DAPT 258 (67.9) 16 (76.2) 242 (67.4) 0.53

β-blocker 307 (80.8) 18 (85.7) 289 (80.5) 0.56

ACE inhibitor or ARB 213 (56.1) 7 (33.3) 206 (57.4) 0.03

Statin 292 (76.8) 15 (71.4) 277 (77.2) 0.55

SAS-IMAF, subclavian artery stenosis related internal mammary artery failure; PCI, percutaneous coronary intervention; CABG, coronary 
artery bypass grafting; EVT, endovascular treatment; DAPT, dual antiplatelet therapy; ACE, angiotensin-converting enzyme; ARB, 
angiotensin II receptor blocker.
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Figure 2 Comparison of primary outcome between patients with 
and without SAS-IMAF. Kaplan-Meier curves show survival free 
from MACE. The red and black lines indicate the event-free 
survival curve in patients with and without SAS-IMAF, respectively. 
SAS-IMAF, subclavian artery stenosis related internal mammary 
artery failure; MACE, major adverse cardiovascular event.

exhibiting ACS and SIHD, respectively (Figure 4A,4B). In 
those with ACS, SAS-IMAF was associated with a greater 
frequency of MACE (P<0.001). By contrast, the occurrence 
of this outcome did not differ in SIHD subjects with and 
without SAS-IMAF (P=0.46). The details of patients with 
SAS-IMAF are summarized in Table S11.

Discussion

I t  has  not  been ful ly  eva luated how SAS af fects 
cardiovascular outcomes in patients who received CABG 
using IMA. The main findings from the current study 
are (I) 5.5% of patients with CABG using IMA exhibited 
ACS or SIHD caused by SAS-IMAF; (II) those with SAS-
IMAF more likely had a history of hemodialysis, stroke, 
LEAD, and more frequently presented ACS; (III) despite 
the presence of SAS causing ACS or SIHD, PCI was first 
selected to treat stenosis within native coronary artery in 
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Table 4 Univariate and multivariate analysis of predictors for MACE

Variables
Univariate analysis Multivariate analysis (Model 1) Multivariate analysis (Model 2)

HR 95% CI P value HR 95% CI P value HR 95% CI P value

SAS-IMAF 5.82 2.31–14.65 <0.001 5.34 2.10–13.57 <0.001 4.04 1.44–11.38 0.008

Age ≥75 years 1.60 0.88–2.92 0.12 1.57 0.85–2.90 0.15 1.20 0.59–2.43 0.61

Female 0.57 0.22–1.50 0.25 0.60 0.23–1.62 0.32 0.78 0.26–2.34 0.66

Hypertension 1.38 0.52–3.68 0.51 – – – – – –

Dyslipidemia 0.72 0.35–1.50 0.39 – – – – – –

Type 2 DM 1.16 0.63–2.13 0.64 – – – – – –

CKD 2.26 1.16–4.41 0.02 – – – 1.77 0.83–3.80 0.14

Previous MI 1.70 0.94–3.10 0.08 – – – 1.20 0.57–2.54 0.62

Previous stroke 1.31 0.66–2.59 0.45 – – – – – –

LVEF <40% 2.69 1.42–5.10 0.002 – – – 2.40 1.09–5.25 0.03

ACS 3.49 1.86–6.53 <0.001 – – – 4.38 2.06–9.32 <0.001

Duration from CABG ≥10 years 1.22 0.67–2.23 0.51 – – – – – –

LIMA to LAD 1.28 0.52–3.16 0.59 – – – – – –

DAPT 1.01 0.52–1.96 0.99 – – – 0.76 0.35–1.66 0.49

β-blocker 0.56 0.28–1.10 0.09 – – – 0.54 0.24–1.23 0.14

ACE inhibitor or ARB 0.83 0.46–1.50 0.54 – – – 0.94 0.45–1.96 0.88

Statin 0.59 0.31–1.13 0.11 – – – 0.53 0.24–1.15 0.11

Model 1: adjusted by age and gender. Model 2: adjusted by age, gender, kidney function, MI history, LVEF, ACS, DAPT, β-blocker, ACE 
inhibitor or ARB, and statin. MACE, major adverse cardiovascular events; HR, hazard ratio; CI, confidence interval; SAS-IMAF, subclavian 
artery stenosis related internal mammary artery failure; DM, diabetes mellitus; CKD, chronic kidney disease; MI, myocardial infarction; 
LVEF, left ventricular ejection fraction; ACS, acute coronary syndrome; CABG, coronary artery bypass grafting; LIMA, left internal mammary 
artery; LAD, left anterior descending artery; DAPT, dual antiplatelet therapy; ACE, angiotensin-converting enzyme; ARB, angiotensin II 
receptor blocker.

47.6% of SAS-IMAF patients, which resulted in undergoing 
additional revascularization therapy for SAS in 33.3% of 
SAS-IMAF; and (IV) SAS-IMAF significantly elevated a risk 
of MACE even after adjusting clinical characteristics. These 
findings suggest SAS-IMAF as a profound disease substrate 
which substantially worsens cardiovascular outcomes in 
patients who received CABG using IMA. 

The current study elucidated that SAS-IMAF was a 
manifestation of systemic atherosclerosis. As shown in 
the aforementioned analysis, a concomitance of stroke 
and LEAD was more frequently observed in subjects 
with SAS-IMAF. Of note, around two-thirds of them 
concomitantly had LEAD. These extensive propagations 
of atherosclerosis could be caused by a higher frequency 
of hemodialysis. In general, atherosclerotic involvement of 
polyvascular beds has long been associated with heightened 

cardiovascular risks (15-17). In particular, LEAD has 
been reported as an independent predictor of SAS (8) 
and an accelerated atheroma progression (18). Moreover, 
patients requiring hemodialysis harbour a considerably 
increased risk of atherosclerotic cardiovascular events. 
The atherosclerotic involvement of systemic arteries and 
concomitant atherogenic profile in SAS-IMAF may be one 
of contributors to more frequent occurrence of MACE and 
ischemic stroke. 

We observed that a significant relationship of SAS-IMAF 
with MACE consistently existed even after a multivariate 
Cox proportional hazards model and propensity score-
matched analyses. It could be argued that SAS-IMAF itself 
may reflect an atherosclerotic phenotype harbouring its 
greater disease activity. A published study reported that SAS 
was identified in 1.9–7.1% of study subjects, and smoking 
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Figure 3 Comparison of secondary outcome between patients with and without SAS-IMAF. The red and black lines indicate the event-free 
survival curve in patients with and without SAS-IMAF, respectively. (A) Cardiac death. (B) Non-fatal MI. (C) Non-fatal ischemic stroke. 
SAS-IMAF, subclavian artery stenosis related internal mammary artery failure; MI, myocardial infarction.
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status, a higher level of systolic blood pressure, a lower level 
of high-density lipoprotein and LEAD were associated with 
the presence of SAS (8). Whether specific mechanism exists 
through the formation and progression of SAS has not been 
fully investigated yet. However, these findings indicate 
that the formation of SAS is mainly driven by a variety of 
atherogenic risk factors. Its pathophysiological aspect could 
be a malignant substrate associated with future occurrence 
of MACE.

Recently, increasing attentions have focused on 
minimally invasive approaches of CABG (19). Minimally 
invasive direct coronary artery bypass (MIDCAB) surgery 
and its robotic-assisted one have been shown to reduce the 
length of hospital stay and surgery-related complications 
while presenting similar clinical efficacy compared to 
conventional CABG (20,21). These more advanced CABG 
procedures may improve cardiovascular outcomes in 
patients with SAS-IMAF. Future studies are warranted to 
elucidate whether MIDCAB surgery could affect clinical 
course in patients with and without SAS. 

The selection of appropriate revascularization therapies 
is crucial to mitigate myocardial ischemia/necrosis in 
the setting of SAS-IMAF. In the current study, PCI for 
native coronary artery stenosis was performed in 47.6% 
of SAS-IMAF subjects, although culprit/target lesion was 
SAS but not native coronary artery stenosis. As a result, 
revascularization for SAS itself was required in 33.3% 
of them. This time delay for identification of SAS and 
adoption of EVT or surgical procedure may affect worse 
cardiovascular outcomes in those with SAS-IMAF. Table S1  
presents the detailed timing of initial and additional 
revascularization procedures in patients with SAS-IMAF. 
The timing of revascularization procedures and its selection 
varied in each individual. Future studies are warranted to 
standardize selection and timing of therapeutic approach in 
patients with SAS-IMAF. 

As shown in Figure 4 and Table S11, SAS-IMAF affected 
cardiovascular outcomes in ACS but not SIHD subjects. 
Of note, while 7 cases of 15 SAS-IMAF subjects with ACS 
required additional revascularization therapy, most of 
subjects presenting SIHD were treated by revascularization 
for SAS. In addition, none of them did not receive another 
revascularization therapy. These observations suggest 
difficulties to evaluate subclavian artery and have mutual 
discussion between interventionalist and surgeons in the 
setting of ACS. More actions are needed for interventionalists 
to improve their awareness toward the importance of SAS in 
patients with a history of CABG using IMA. 

Our observations support clinical importance of pre- 
and post-operative evaluation of SAS in patients who are 
scheduled for CABG as well as those with a history of 
CABG using IMA. Mechanistically, the proximal portion 
of left subclavian artery is more susceptible to flow-limiting 
disease than other supra-aortic vessels due to its anatomical 
structure, which underscores the screening of especially left 
subclavian artery prior to CABG (22,23). Bilateral blood 
pressure measurement is an easily applicable approach 
which helps to identify the presence of unilateral SAS (24).  
Doppler ultrasound is a non-invasive approach to evaluate 
SAS. However, in the real-world clinical practice, all 
of patients who has received CABG using IMA do not 
necessarily receive Doppler ultrasound for follow-up 
evaluation of subclavian artery. Another issue of Doppler 
ultrasound is inter- and intra-observer variabilities (25). It 
is required for evaluation of subclavian artery in patients 
who have received CABG. More standardized evaluation 
of subclavian artery with Doppler ultrasound is clinically 
needed as well. Subclavian artery angiography is another 
approach which can be conducted during pre-operative 
CAG. In particular, when patients with a history of CABG 
using IMA present ACS or SIHD, subclavian artery 
angiography concomitantly with CAG should be always 
considered (26). The other important consideration is 
arteriovenous access for hemodialysis. By using ipsilateral 
IMA for CABG, the formation of SAS definitely increases 
a risk of SAS-IMAF in patients receiving hemodialysis (27).  
In this situation, it is needed to consider the use of 
contralateral IMA or other grafts through heart-team 
discussion. 

Study limitations

Several caveats should be noted. Firstly, this was a 
retrospective observational study, but not prospective 
randomized one. Therefore, management of SAS-
IMAF was not standardized but selected according to 
each physician’s discretion. This may be a potential bias. 
Secondly, approximately one-third patients with myocardial 
ischemia after CABG was excluded because subclavian 
artery angiography was not conducted. These might affect 
current findings. Thirdly, pre-operative evaluation of 
subclavian artery was not necessarily conducted in all of 
study subjects. Therefore, it remains unknown whether SAS 
already existed at the index of CABG. Fourthly, therapeutic 
management including procedures and medication use 
was mainly selected by each attending physician, which 
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may be a potential bias. Lastly, the current study analyzed 
patients from 2005 to 2020. During this period, guidelines 
for coronary revascularization, anti-thrombotic and 
lipid-lowering therapies has changed, which may affect 
cardiovascular outcomes in the study subjects.

Conclusions

The current study revealed that 5.5% of patients with 
CABG using IMA exhibited ACS or SIHD caused by SAS-
IMAF. PCI was first performed for native coronary artery 
in 47.6% of SAS-IMAF patients, which required additional 
revascularization therapy for SAS in 33.3% of them. 
Furthermore, SAS-IMAF was associated with a significantly 
elevated prospective risk of cardiovascular events. These 
findings highlight the importance of meticulous evaluation 
about subclavian artery in patients with a history of CABG 
using IMA who presented ACS or SIHD.
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