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Background: Large number of patients with prior coronary artery bypass grafting (CABG) need repeat
revascularization yearly, and percutaneous coronary intervention (PCI) is the optimal treatment strategy for
such patients. However, it is still controversial whether PCI of native coronary artery or bypass graft is more
beneficial. The aim of the study was to compare the clinical outcomes between native coronary artery vs.
bypass graft PCI in patients with prior CABG.

Methods: A total of 1,276 patients with prior CABG who underwent index PCI of native coronary artery
(n=1,072) or bypass graft (n=204) were retrospectively examined. Patients were divided into native group and
graft group according to the target vessel. The outcomes of the two groups were compared by using inverse
probability of treatment weighting (IPTW) and Cox regression analysis. The primary endpoint was the
composite of major adverse cardiac and cerebrovascular events (MACCEs), which included all-cause death,
non-fatal stroke, non-fatal myocardial infarction (MI), or target vessel revascularization (TVR).

Results: Compared with native group, patients in graft group had higher risk of slow-flow/no-reflow
phenomenon (1.5% vs. 0.1%, P=0.011 before IPTW, and 2.2% wvs. 0.1%, P<0.001 after IPTW) and peri-
procedural stroke (0.3% wvs. 0, P=0.021 after IPTW). During a median follow-up period of 43 months, there
was similar risk of MACCE between two groups. Notably, patients in graft group had a significantly higher
incidence of non-fatal MI compared with native group regardless with or without IPTW (7.8% vs. 3.8%,
P=0.018 and 8.3% wvs. 3.9%, P=0.030, separately). After adjusting for confounding by using Cox regression,
bypass graft PCI was associated with a higher risk of non-fatal MI (HR: 2.091, 95% CI: 1.069-4.089;
P=0.031), but similar results in MACCE (HR: 1.077, 95% CI: 0.817-1.419; P=0.599) compared with native
group.

Conclusions: This study found that native coronary artery might be preferred for PCI in patients with
prior CABG because of lower rates of slow-flow/no-reflow, peri-procedural stroke, and non-fatal MI at

follow-up.
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Introduction

Coronary artery disease (CAD) has been recognized as
the leading cause of death worldwide. Coronary artery
bypass grafting (CABG) surgery remains one of the main
treatments for patients with three-vessel and/or left-main
CAD globally (1). Because of high incidence of graft failure
and the progression of atherosclerosis both in the native
coronary artery and bypass graft, patients with prior CABG
often develop symptom of recurrent angina pectoris or
presentation with an acute coronary syndrome (ACS), and
need for repeat revascularization (2,3). Compared with the
initial CABG, repeat CABG has higher risk of mortality
and worse outcome, therefore, percutaneous coronary
intervention (PCI) is the preferred treatment strategy for
revascularization in these patients (4).

The risk of bypass graft PCI, especially PCI of saphenous
vein grafts (SVGs), was high, these patients most of the
time had complex lesion in native coronary artery (5).
Besides, accelerated progression of atherosclerosis of the

Highlight box

Key findings

* Compared with patients undergoing native coronary artery
percutaneous coronary intervention (PCI), those undergoing bypass
graft PCI had higher risk of slow-flow/no-reflow, peri-procedural
stroke, and non-fatal myocardial infarction (MI) at follow-up.

What is known and what is new?

¢ There was insufficient evidence on PCI of native coronary artery
being more beneficial to bypass graft. Some studies supported that
a higher incidence of adverse cardiovascular events in graft group,
but others found no difference between native and graft groups.

* In our study, we found that native coronary artery was preferred for
PCI in patients with prior coronary artery bypass grafting (CABG),
as native coronary artery PCI was correlated with lower rates of slow-
flow/no-reflow, peri-procedural stroke, and non-fatal MI at follow-up.

What is the implication, and what should change now?

* Patents in graft group had worse outcomes compared to those in
native group. Thus, it is prone to choose native coronary artery as
the PCI target vessel in patients with prior CABG.
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native coronary artery after CABG, it is challenging to both
native coronary artery PCI and bypass graft PCI (6). Several
observational studies reported that native coronary artery
was preferred for PCI in patients with prior CABG, and
patients undergoing native coronary artery PCI had less
procedural-related complications and adverse cardiovascular
events compared with those undergoing bypass grafts
PCI (5,7-10). Furthermore, the 2018 European Society of
Cardiology (ESC) guidelines on myocardial revascularization
recommended native coronary artery as the preferred
interventional target-vessel in patients with failed bypass
graft (11). However, it remains controversial whether native
coronary artery PCI carries better outcomes than bypass
graft PCI. Therefore, the purpose of the present study
was to investigate the association between the PCI target-
vessel (native coronary artery vs. bypass graft) and adverse
cardiovascular events. We present this article in accordance
with the STROBE reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-23-473/rc).

Methods
Study design and patient population

This was an observational, retrospective study based on
National Clinical Research Center of Cardiovascular Diseases
(Beijing Anzhen Hospital, Beijing, China). From January 2010
to September 2020, 1,469 patients with prior CABG who
underwent PCI were admitted in our cardiovascular center
and consecutively enrolled in the study. The first PCI after
CABG was defined as the index procedure, and the subsequent
procedures were considered as outcomes. One hundred and
thirty-eight patients did not undergo the index PCI and 55
patients were lost to follow-up. Ultimately, 1,276 patients
were included in the study, which including 156 patients with
emergency PCI and the rest received elective PCI. Patients
were divided into native group and graft group according to
whether they received native coronary artery or bypass graft
PCI. Patients undergoing PCI of both a native coronary artery
and a bypass graft were considered to be part of the graft group.
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No patient underwent PCI of both arterial grafts and SVGs.
The PCI procedures were performed according to
standard preparation and technique via radial and/or
femoral approach. The choice of target-vessel of bypass
graft or native coronary artery was left to the discretion of
the operators. The patient’s demographics, cardiovascular
risk factors, medications, target vessel, coronary
angiographic findings, procedural results and procedure-
related complications were collected from electronic
medical records and retrospectively studied. All patients
were followed through clinic visit or telephone contact
by independent personnel. The study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by the institutional
review board of Beijing Anzhen Hospital, Capital Medical
University (No. 2022084X) and individual consent for this

retrospective analysis was waived.

Clinical outcomes

The primary study endpoint was major adverse cardiac
and cerebrovascular events (MACCEs), a composite of all-
cause death, non-fatal stroke, non-fatal MI, or target vessel
revascularization (T'VR). The secondary study endpoints
included major adverse cardiac events (MACEs) (the
composite of all-cause death, non-fatal MI and TVR, each
individual component of the MACCE and the procedural-
related complications. If stroke, MI or TVR occurred
more than once, the first event was considered as the index
outcome. The endpoints were assessed by at least two
independent cardiologists.

Statistical analysis

Continuous variables were presented as mean + standard
deviation (SD) or median with interquartile range
(IQR). Categorical variables were reported as counts and
percentages. The baseline characteristics, procedural
findings and outcomes were compared between groups.
The two independent samples #-test or Mann-Whitney U
test was applied to compare continuous variables between
groups, and Chi-squared test or Fisher’s exact test was
applied to compare categorical variables. Because the study
patients were not randomized to receive native coronary
artery or bypass graft PCI, we used inverse probability
of treatment weighting IPTW), a type of propensity
score analysis, to adjust for confounders. Variables used to
create these weights included demographics [age, gender,
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body mass index (BMI), systolic blood pressure (SBP)],
risk factors [hypertension, dyslipidemia, diabetes mellitus
(DM), current smoking, prior MI, prior PCI, heart failure
(HF), cerebrovascular disease, peripheral arterial disease
(PAD), chronic kidney disease (CKD), family history of
CAD, anemia], clinical presentation [chronic coronary
syndrome (CCS), non-ST-segment elevation ACS (NSTE-
ACS) and ST-segment elevation myocardial infarction
(STEMI)] and procedure findings [chronic total occlusion
(CTO) lesions, thrombus lesions, LM/multi-vessel disease,
number of lesions treated per patient, and number of drug
eluting stents (DES) used per patient]. Survival analysis
was demonstrated by Kaplan-Meier survival curves with or
without IPTW, and compared the two groups with the log-
rank test. Multivariable Cox proportional hazards regression
analysis was conducted to estimate hazard ratio (HR) and
95% confidence interval (CI) with the native coronary
artery PCI as the reference. Cox regression model was the
same as the model of IPTW.

All P values were two sided, and P value <0.05 was
considered statistical significance. Statistical analysis was
performed with SPSS (version 24.0; IBM, Chicago, IL,
USA) and R Programming Language (version 4.1.0; Vienna,
Austria).

Results
Patient population

Between January 2010 to September 2020, 1,276 patients
with prior CABG undergoing index PCI were consecutively
enrolled in this study after excluding patients who did not
undergo the index PCI and/or were lost to follow-up (Figure I).
In the study cohort, most target vessels in the patients
included were the native coronary arteries (n=1,072, 84.0%)
and with less were bypass grafts (n=204, 16.0%). There
were 1,168 native coronary arteries underwent PCI with
protected graft vessel. In graft group, 197 patients (96.6%)
received SVG-PCI, 7 patients (3.4%) received LIMA-PCI.
A total of 1,744 lesions were treated, including 1,529 lesions
(87.7%) in native group and 215 (12.3%) in graft group.
After 5 years from CABG, PCI of bypass graft increased.
The proportion of graft group increased compared with
native group with the time after CABG (Table 1).

Baseline characteristics

The age of the patients included in the study was 64.5+
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8.0 years, and 74.8% were males. The baseline
characteristics of the patients classified according to
the treated vessel are shown in Table 2. Compared with
native group, patients in graft group had higher rates of
hypertension, current smoking, PAD and use of angiotensin
converting enzyme inhibitor (ACEI)/angiotensin II receptor
blockers (ARBs) or Angiotensin receptor-neprilysin
inhibitor (ARNI). Patients in graft group had higher levels
of low-density lipoprotein-cholesterol (LDL-C) and fasting
plasma glucose (FPG), more numbers of SVGs, more
lesions treated per patient, and longer duration from CABG
to PCI, but fewer number of DES implanted per patient.
After adjusting for confounders by IPTW, we found that
patients in graft group had more numbers of SVGs, longer
time from CABG to PCI and higher proportion of Beta-
blockers treated compared with native group.

Procedural characteristics

Table 3 shows the procedural characteristics between the two
groups. In the overall lesion treated, the rate of procedural

1,469 patients who underwent index PCI with a history of CABG
2,018 PCl lesions

Excluded patients (n=193)
* No index PCI (n=138)
e | ost to follow-up (n=55)

Y

PCI patients (n=1,276)
1,744 PCI lesions

Y v

Native group
(n=1,072)

Graft group
(n=204)

Figure 1 The flow chart of the study. PCI, percutaneous coronary
intervention; CABG, coronary artery bypass graft.
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success was 93.8%. Compared with native group, patients
in graft group were more likely to select femoral approach,
to undergo PCI of a thrombus and restenosis lesion, to have
thrombolysis in myocardial infarction (TIMI) grade 3 flow
post-PCI, to receive the therapy of Tirofiban, and more
preferred to choose excimer laser coronary atherectomy
(ELCA), but less likely to undergo PCI of a CTO lesion.
Moreover, graft group had higher rate of procedure success,
larger diameter and shorter length of the stents than native
group. Most bypass graft target lesions (71.6%) were
located at the body of the graft. Embolic protection devices
(EPD) were used in 61 patients (28.4%) who underwent
PCI of bypass graft, while none were used in native group
(P<0.001). Large number of patients (90.4%) received
DES implantation, whereas only 2 patients with 4 lesions
received bare-metal stent (BMS) implantation during native
coronary artery PCIL.

Short-term outcomes: procedural-related complications

Table 4 displays the procedural-related complications of the
patients included in the study. Regardless of adjustment for
confounders by IPTW, graft group had higher risk of slow-
flow/no-reflow (1.5% vs. 0.1%, P=0.011 before IPTW, and
2.2% vs. 0.1%, P<0.001 after IPTW). Besides, graft group had
higher incidence of peri-procedural stroke compared with
native group (0.3% vs. 0, P=0.021 after IPTW). However,
there was no significant difference in other complications.

Follow-up outcomes

During the 43-month (IQR, 24 to 66 months) follow-up
period, 397 (31.1%) patients developed MACCE, which
included 103 (8.1%) all-cause death, 39 (3.1%) non-fatal
stroke, 57 (4.5%) non-fatal MI, and 198 (15.5%) TVR.
Regardless of IPTW, the risk of MACCE in graft group
was similar to that in native group. Patients in graft group
had a significantly higher incidence of non-fatal MI than
those in native group regardless of IPTW adjustment (7.8%

Table 1 Number of patients classified by target vessels within the intervals from CABG to PCI

Post-CABG

Total patients

0-1 year (n=177) >1-5 years (n=427) >5-10 years (n=457) >10 years (n=215)
Native group 156 (88.1) 385 (90.2) 377 (82.5) 154 (71.6)
Graft group 21 (11.9) 42 (9.8) 80 (17.5) 61 (28.4)

Values are n (%). CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention.
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Table 2 Baseline characteristics of the patients included in the study

Unweighted Weighted
Charactefistics Total (n=1,276) N?r:i;e’g;c;;m Gr:: ng)u P P value Native group  Graft group P value
Demographics
Age (years) 64.5+8.0 64.6+7.9 63.7+8.8 0.122 64.5+7.9 64.4+8.9 0.995
Men 955 (74.8) 796 (74.3) 159 (77.9) 0.306 805 (74.9) 150 (75.1) 0.962
BMI (kg/m?) 26.2+3.2 26.2+3.2 26.4+3.1 0.495 26.2+£3.2 26.1£3.2 0.823
SBP (mmHg) 130+17 130+16 13119 0.464 130+17 13119 0.437
Comorbidities
Hypertension 930 (72.9) 769 (71.7) 161 (78.9) 0.042 784 (73.0) 145 (72.6) 0.935
Dyslipidemia 1,270 (99.5) 1,066 (99.4) 204 (100.0) 0.608 1,069 (99.5) 200 (100.0) 0.287
DM 587 (46.0) 488 (45.5) 99 (48.5) 0.476 499 (46.4) 97 (48.6) 0.611
Current smokers 302 (23.7) 239 (22.3) 63 (30.9) 0.011 255 (23.7) 49 (24.4) 0.856
Prior MI 619 (48.5) 522 (48.7) 97 (47.5) 0.823 523 (48.7) 100 (50.0) 0.702
Prior PCI 275 (21.6) 241 (22.5) 34 (16.7) 0.079 232 (21.6) 44 (22.0) 0.909
Heart failure 112 (8.8) 95 (8.9) 17 (8.3) 0.913 94 (8.8) 17 (8.3) 0.844
Cerebrovascular disease 163 (12.8) 134 (12.5) 29 (14.2) 0.577 137 (12.8) 23 (11.7) 0.698
PAD 130 (10.2) 98 (9.1) 32 (15.7) 0.007 110 (10.4) 21 (10.5) 0.887
CKD 50 (3.9) 42 (3.9) 8 (3.9) 1.000 42 (3.9) 8 (3.8) 0.964
Family history of CAD 120 (9.4) 96 (9.0) 24 (11.8) 0.259 101 (9.4) 19 (9.5) 0.959
Laboratory tests
TG (mmol/L) 1.8+1.4 1.8+1.5 1.7£1.3 0.713 1.8+£1.5 1.7+11 0.309
TC (mmol/L) 4.0+1.1 4.0£1.1 4.1+1.0 0.111 4.0+1.1 4.1+1.0 0.227
HDL-C (mmol/L) 1.0£0.2 1.0£0.3 1.0£0.2 0.441 1.0£0.3 1.0£0.2 0.335
LDL-C (mmol/L) 2.3+0.9 2.3+0.9 2.5+0.8 0.047 2.3+0.9 2.5+0.8 0.060
FPG (mmol/L) 7.2+3.0 7.1x2.9 7.5+3.5 0.042 7.1£3.0 7.7+3.7 0.054
Glycosylated hemoglobin (%) 6.7+1.3 6.7+1.3 6.9+1.5 0.150 6.7+1.3 6.9+1.5 0.343
LVEF (%) 58+9 58+9 58+10 0.707 58+9 58+9 0.701
Emergency PCI 156 (12.2) 128 (11.9) 28 (13.7) 0.551 130 (12.1) 27 (13.3) 0.663
Symptoms
CCS 35 (2.7) 29 (2.7) 6 (2.9) 1.000 29 (2.7) 5(2.4) 0.836
NSTE-ACS 1,203 (94.3) 1,012 (94.4) 191 (93.6) 0.785 1,014 (94.4) 190 (95.2) 0.637
STEMI 38 (3.0 31 (2.9 7 (3.4) 0.849 32 (3.0 5(2.4) 0.638
Target vessel
LM 154 (12.1) 142 (13.2) 12 (5.9) - - - -
LAD 314 (24.6) 291 (27.1) 23 (11.3) - - - -
LCX 423 (33.2) 396 (36.9) 27 (13.2) - - - -
RCA 603 (47.3) 573 (53.5) 30 (14.7) - - - -

Table 2 (continued)
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Table 2 (continued)

Unweighted Weighted
Charactefistios Total (n=1,276) Nz:i;e‘g;c;l;p G;rai Zgorz)u P P value Native group  Graft group P value
LIMA-LAD 7 (0.5) - 7 (3.4) - - - -
SVG-LAD 62 (4.9) - 62 (30.4) - - - -
SVG-LCX 82 (6.4) - 82 (40.2) - - - -
SVG-RCA 123 (9.6) - 123 (60.3) - - - -
SVG-RI 2(0.2) - 2 (1.0) - - - -
Number of LIMA 0.408 0.276
0 259 (20.3) 214 (20.0) 45 (22.1) 213 (19.8) 44 (22.2)
1 972 (76.2) 815 (76.0) 157 (77.0) 819 (76.2) 154 (77.2)
>2 11 (0.9) 11(1.1) 0(0.0) 11(1.0) 0(0.0)
Unknown 34 (2.7) 32 (3.0 2(1.0) 31 (2.9 1(0.6)
Number of SVG <0.001 <0.001
0 74 (5.8) 74 (6.9) 0(0.0) 76 (7.0) 0.0 (0.0
1 278 (21.8) 247 (23.0) 31(15.2) 247 (23.0) 28 (14.0)
2 515 (40.4) 427 (39.8) 88 (43.1) 431 (40.1) 94 (47.0)
3 303 (23.7) 234 (21.8) 69 (33.8) 233 (21.6) 65 (32.4)
=4 64 (5.0) 51 (4.7) 13 (6.4) 51 (4.7) 11 (5.4)
Unknown 42 (3.3) 39 (3.6) 3(1.9) 38 (3.5) 3(1.3)
Number of lesions treated per 1[1-2] 101-2] 1[1-2] 0.001 101-2] 1[1-2] 0.992
patient
Number of DES used per patient 1[1-2] 2[1-2] 1[1-2] 0.015 2[1-2] 2[1-2] 0.750
Years from CABG to PCI 6.4+4.4 6.1+4.3 8.0+4.6 <0.001 6.1+4.3 7.8+4.7 <0.001
Medication
Aspirin 1,267 (99.3) 1,064 (99.3) 203 (99.5) 1.000 1,066 (99.2) 198 (99.4) 0.883
P2Y12 inhibitors 1,267 (99.3) 1,063 (99.2) 204 (100.0) 0.391 1,066 (99.2) 200 (100.0) 0.190
Statin 1,263 (99.0) 1,059 (98.8) 204 (100.0) 0.230 1,062 (98.9) 200 (100.0) 0.114
Beta-blockers 1,067 (83.6) 886 (82.6) 181 (88.7) 0.041 890 (83.0) 180 (90.4) 0.010
ACEI/ARBs or ARNI 682 (53.4) 556 (51.9) 126 (61.8) 0.012 568 (52.9) 120 (60.2) 0.102

Values are mean + standard deviation, median [interquartile range], or n (%). BMI, body mass index; SBP, systolic blood pressure; DM,
diabetes mellitus; MI, myocardial infraction; PCI, percutaneous coronary intervention; PAD, peripheral artery disease; CKD, chronic kidney
disease; CAD, coronary artery disease; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-
density lipoprotein-cholesterol; FPG, fasting plasma glucose; LVEF, left ventricular ejection fraction; CCS, chronic coronary syndrome;
NSTE-ACS, non-ST-segment elevation acute coronary syndrome; STEMI, ST-segment elevation myocardial infarction; LM, left main; LAD,
left anterior descending; LCX, left circumflex; RCA, right coronary artery; LIMA, left internal mammary artery; SVG, saphenous vein graft;
RI, ramus intermedius; DES, drug eluting stent; CABG, coronary artery bypass grafting; ACEI, angiotensin converting enzyme inhibitor;
ARBs, angiotensin Il receptor blockers; ARNI, angiotensin receptor-neprilysin inhibitor.
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Table 3 Lesion characteristics and treatment of the patients included in the study
Variables Total (n=1,744) Native group (n=1,529) Graft group (n=215) P value
Femoral approach 940 (53.9) 773 (50.6) 140 (65.1) <0.001
PCls success rate 1,635 (93.8) 1,425 (93.2) 210 (97.7) 0.017
Lesion characteristics
Chronic total occlusion 418 (24.0) 394 (25.8) 24 (11.2) <0.001
Thrombus 36 (2.1) 20 (1.3) 16 (7.4) <0.001
Restenosis lesion 342 (19.6) 127 (8.3) 215 (100.0) <0.001
SVG lesion location
Aortic anastomosis 40 (2.3) - 40 (18.6) -
Body 154 (8.8) - 154 (71.6) -
Distal anastomosis 58 (3.3) - 58 (27.0) -
Unknown 5(0.3) - 5(2.3) -
LIMA lesion location 7 (0.4) - 7 (3.3) -
Proximal 2 (0.1) - 2(0.9) -
Distal anastomosis 5(0.3) - 5(2.3) -
Treatment
Unfractionated heparin 1,594 (91.4) 1,402 (91.7) 192 (89.3) 0.298
Tirofiban 38(2.2) 27 (1.8) 11 (5.1) 0.004
Multivessel PCI 631 (36.2) 559 (36.6) 72 (33.5) 0.423
Use of IABP 11 (0.6) 11(0.7) 0 0.431
Number of stents implanted per lesion 1[1-2] 1[1-2] 1[1-1] 0.010
Bare metal stent 4(0.2) 4 (0.3) 0 1.000
Drug eluting stent 1,576 (90.4) 1,385 (90.6) 191 (88.8) 0.491
Diameter of stents 2.5+1.2 2.5+1.2 2.8+1.3 <0.001
Length of stents 30.1+£27.0 31.3+£27.7 22.0£19.3 <0.001
Drug coated balloon 52 (3.0) 41 (2.7) 11 (56.1) 0.080
Pre-PCI TIMI flow grade <0.001
3 1,145 (65.7) 1,009 (66.0) 136 (63.3)
1-2 175 (10.0) 121 (8.0) 54 (25.1)
0 424 (24.3) 399 (26.1) 25 (11.6)
Post-PCI TIMI flow grade <0.001
3 1,601 (91.8) 1,399 (91.5) 202 (94.0)
1-2 33(1.9) 23 (1.5) 10 (4.7)
0 110 (6.3) 107 (7.0) 3(1.4)
PTCA 144 (8.3) 125 (8.2) 19 (8.8) 0.843
Excimer laser coronary atherectomy 10 (0.6) 6 (0.4) 4(1.9) 0.029
Use of embolic protection devices 61 (3.5) 0 61 (28.4) <0.001

Values are mean + standard deviation, median [interquartile range], or n (%). PCI, percutaneous coronary intervention; SVG, saphenous
vein graft; LIMA, left internal mammary artery; IABP, intro-aortic balloon pump; TIMI, thrombolysis in myocardial infarction; PTCA,

percutaneous transluminal coronary angioplasty.

© Journal of Thoracic Disease. All rights reserved.
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Table 4 Procedure-related complications in prior CABG patients undergoing index PCI

Unweighted Weighted
Outcomes (n::),t:; ) Nz:izvig;c;l;p Gzifztzgéz)u P P value Native group  Graft group P value
Procedural complications 60 (4.7) 45 (4.2) 15 (7.4) 0.077 47 (4.4) 12 (6.1) 0.385
In-hospital mortality 1(0.1) 1(0.1) 0 1.000 1(0.1) 0 0.666
Peri-procedural Ml 1(0.1) 1(0.1) 0 1.000 1(0.1) 0 0.666
Peri-procedural stroke 1(0.1) 0 1(0.5) 0.353 0 1(0.3) 0.021
Perforation of target vessel 4 (0.3) 3(0.3) 0 1.000 4 (0.4) 0 0.461
Dissection of target vessel 29 (2.3) 23 (2.1) 3(1.5) 0.723 24 (2.2) 3(1.3) 0.405
Intramural hematoma of target vessel 5(0.4) 3(0.3) 2(1.0) 0.392 3(0.3) 1(0.5) 0.491
Slow-flow/no-reflow 4(0.3) 1(0.1) 3(1.5) 0.011 1(0.1) 5(2.2) <0.001
Temporary pacing 2(0.2) 2(0.2) 0 1.000 2(0.2) 0 0.545
Cardiopulmonary resuscitation 1(0.1) 1(0.1) 0 1.000 1(0.1) 0 0.666
Equipment loss or entrapment 2(0.2) 2(0.2) 0 1.000 3(0.3) 0 0.559
Hemodynamic instability 10 (0.8) 6 (0.6) 4 (2.0) 0.100 6 (0.5) 3(1.2) 0.209
Other complications 4 (0.3) 2(0.2) 2(1.0) 0.240 2(0.2) 1(0.5) 0.298
Values are n (%). CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; MI, myocardial infarction.
Table 5 Long-term clinical outcomes in prior CABG patients undergoing index PCI
Unweighted Weighted
Outoomes (n(z:?;ll;) N?r':izvig;c;p G;E::t Qg(;Z)u P P value Native group Graft group P value
All-cause death 103 (8.1) 87 (8.1) 16 (7.8) 1.000 88 (8.2) 19 (9.7) 0.542
Non-fatal stroke 39 (3.1) 36 (3.4) 3(1.5) 0.225 36 (3.3) 3(1.2) 0.088
Non-fatal MI 57 (4.5) 41 (3.8) 16 (7.8) 0.018 42 (3.9) 17 (8.3) 0.030
TVR 198 (15.5) 163 (15.2) 35(17.2) 0.548 166 (15.4) 34 (17.2) 0.568
MACE 358 (28.1) 291 (27.1) 67 (32.8) 0.115 295 (27.4) 70 (35.3) 0.053
MACCE 397 (31.1) 327 (30.5) 70 (34.3) 0.320 331 (30.8) 73 (36.5) 0.167

Values are n (%). CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; MI, myocardial infraction; TVR, target
vessel revascularization; MACE, major adverse cardiac event; MACCE, major adverse cardiac and cerebrovascular event.

vs. 3.8%, P=0.018 and 8.3% vs. 3.9%, P=0.030, separately).
However, there was no difference in other outcomes
(Table 5).

Kaplan-Meier analysis revealed that patients in graft
group showed higher incidence of non-fatal MI (Log-rank
P=0.017), while the incidence of MACCE, MACE, and
other individual component of the MACCE was similar
between the two groups (Figure 2). In addition, we found
similar results after IPTW (Figure 3). Compared with native
group, graft group was associated with a higher risk of non-

© Journal of Thoracic Disease. All rights reserved.

fatal MI (HR: 2.091, 95% CI: 1.069-4.089; P=0.031), but
similar in MACCE (HR: 1.077, 95% CI: 0.817-1.419;
P=0.599) (Figure 4).

Discussion

This was a relatively large single-center retrospective
study investigating the prognostic effect of different target
vessels in prior CABG patients undergoing index PCI in
China despite several large studies have been reported
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Figure 2 Kaplan-Meier curves for long-term clinical outcomes before IPTW. (A) Kaplan-Meier curves for MACCE before IPTW; (B)
Kaplan-Meier curves for MACE before IPTW; (C) Kaplan-Meier curves for all-cause death before IPTW; (D) Kaplan-Meier curves for
non-fatal MI before IPTW; (E) Kaplan-Meier curves for non-fatal stroke before IPTW; (F) Kaplan-Meier curves for TVR before IPTW.
MACCE, major adverse cardiac and cerebrovascular event; PCI, percutaneous coronary intervention; MACE, major adverse cardiac event;

MI, myocardial infraction; TVR, target vessel revascularization; IPT'W, inverse probability of treatment weighting.

(5,9,12,13). This study demonstrated that, (I) most PCIs
were performed in native coronary artery in prior CABG
patients; (II) most bypass graft PCIs were done in SVGs;
(III) patients in graft group had higher risk of slow-flow/
no-reflow; and (IV) patients in graft group had higher
incidence of non-fatal MI than native group.

In our study, native coronary arteries were the most
frequent target vessels for intervention (84%), followed

© Journal of Thoracic Disease. All rights reserved.

by bypass grafts (16%). Chen et al. reported that PCI was
performed in native coronary arteries in 44% of the 95
patients, and first pointed that bypass graft PCI accounted
for the majority with the time of CABG to PCI >10 years (2).
However, Beerkens et 4l. found that native coronary artery
PCI was performed in 73.5% of the 3,983 patients with
prior CABG (13). Moreover, National Cardiovascular Data
Registry (NCDR) Registry studies also supported that most
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Figure 3 Kaplan-Meier curves for long-term clinical outcomes after IPTW. (A) Kaplan-Meier curves for MACCE after IPTW; (B) Kaplan-
Meier curves for MACE after IPTW; (C) Kaplan-Meier curves for all-cause death after IPTW; (D) Kaplan-Meier curves for non-fatal MI
after IPTW; (E) Kaplan-Meier curves for non-fatal stroke after IPTW; (F) Kaplan-Meier curves for TVR after IPTW. MACCE, major

adverse cardiac and cerebrovascular event; PCI, percutaneous coronary intervention; MACE, major adverse cardiac event; MI, myocardial

infraction; TVR, target vessel revascularization; IPTW, inverse probability of treatment weighting.

PCIs were performed in the native coronary artery, but
graft was more likely to be chosen as the PCI target vessel
with the increasing time after CABG (5,9). In our study,
we found that the proportion of bypass graft PCI increased
with the time of CABG compared with native group,
especially after 5 years of CABG, which was in line with the
previous studies (5,9,10). One explanation for this finding is
graft vessel, especially SVG, comes with accelerated pace of
bypass graft failure in the late post-CABG, and another is

© Journal of Thoracic Disease. All rights reserved.

progression atherosclerosis of native coronary artery, which
may render native coronary artery unsuitable for PCI (3,14).

For patients studied, the difficulty and risk of PCIs were
high, no matter in native coronary artery or bypass graft
PCI (9,15). PCI of the native coronary artery is generally
considered superior to bypass graft, and the ESC guidelines
recommend the native coronary artery as the preferred
target vessel for intervention since SVG-PCI carries higher
incidence of adverse cardiovascular events (11). In clinical
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lesions, thrombus lesions, LM/multi-vessel disease, number of lesions treated per patient, and number of DES used per patient. Red vertical
solid line represents the HR value of 1. MACCE, major adverse cardiac and cerebrovascular event; MACE, major adverse cardiac event; MI,
myocardial infraction; TVR, target vessel revascularization; HR, hazard ratio; CI, confidence interval; Ref, reference; BMI, body mass index;
SBP, systolic blood pressure; DM, diabetes mellitus; PCI, percutaneous coronary intervention; HE, heart failure; PAD, peripheral arterial
disease; CKD, chronic kidney disease; CAD, coronary artery disease; CCS, chronic coronary syndrome; NSTE-ACS, non-ST-segment

elevation acute coronary syndrome; STEMI, ST-segment elevation myocardial infarction; CTO, chronic total occlusion; LM, left main;
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practice, the choice of the target vessel depends on the
severity of native coronary artery or bypass graft lesions,
and is left at the discretion of the operators. If there is
diffusely degenerated lesion in bypass graft, native coronary
artery may be chosen as the PCI target vessel. PCI of native
coronary artery is not always possible to be performed when
the presence of severely long, calcified, tortuous and CTO
lesions in native coronary artery (9).

Our study found that the PCIs success rate in the
native group was lower than that in the graft group. The
main reason was the high number of patients with CTO
lesions in the native group. Despite the emergence of
novel techniques and advanced devices, the overall success
rate of CT'O-PCI remains low (16). It is a great challenge
when performing CTO-PCI in prior CABG patients (17).
Michael et al. found that patients with prior CABG had

lower rate of technical success compared with those without

© Journal of Thoracic Disease. All rights reserved.

prior CABG (18). Besides, history of prior CABG was
independently associated with lower technical success rate.
The RECHARGE study found that patients with prior
CABG had higher CTO complexity and lower procedural
success rate, and the procedural success rate was similar
between CTO-PCI in graft vessel and native vessel (19). In
our study, the overall success rate of CTO-PCI was 77.5%
and the technical success rate was similar between two
groups (76.6% vs. 91.7%, P=0.087), which was consistent
with the RECHARGE study (19).

In our study, slow-flow/no-reflow phenomenon was
considered as a relatively common complication of SVG-
PCI compared to native group, which was consistent with
the previous reports (5,12,20). One study reported that
about 6-7% patients performed PCIs in SVG of all PCI
patients with prior CABG (5,9). SVG-PCI has a higher

incidence of no-reflow, which attributes to embolization
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of atheromatous material to the distal vasculature and
intense arteriole vasospasm caused by microembolization
of platelet-rich thrombi that releases vasoactive agents
resulting in microvascular obstruction (5,21). Besides, Hong
et al. demonstrated that patients with no-reflow had higher
risk of death and MI compared with those without no-
reflow (22).

To reduce the risk of no-reflow, advanced equipment
and novel techniques are often used during SVG-PCI. In
our study, EPD were used in SVG-PCI. A multicenter,
retrospective cohort study showed that EPD was more
common in SVG-PCI, about 38%, compared with 22%
reported by the NCDR (23,24). The SAFER trial, the first
multicenter randomized trial, found that EPD use was
associated with lower rates of the primary end point, MI and
no-reflow during stenting for SVG-PCI (25). In addition,
a meta-analysis evaluating EPD in patients with SVG-PCI
found that EPD had a consistent treatment benefit, reducing
the incidence of adverse cardiac events at 30 days (26).
Although the AHA/ACC guidelines recommend EPD use
in SVG-PCI when technically feasible (Class I, Level of
Evidence: B), the real-world usage remains limited (27).

With the improvement of ELCA and operator
techniques, ELCA has been increasingly used for SVG
intervention (28). It is able to vaporize the thrombus,
reducing the risk of distal embolization (29). In the present
study, ELCA was used more frequently in graft group
compared to native group. “Staged revascularization”, a
novel revascularization strategy, has been proposed for
patients presenting with an ACS due to SVG failure,
which is defined as the initial treatment of the culprit SVG
followed by revascularization of the corresponding native
coronary artery CTO a few weeks later. Of note, these
patients undergoing staged revascularization may have
better short and long-term outcomes (30).

It has been controversial whether native coronary artery
PCI or bypass graft PCI is more beneficial in these patients.
Garcia-"Tejada er al. found that there was no difference in
MACE, death and target lesion revascularization (TLR)
between two groups during a median 2.5-year follow-up (7).
Liu and his colleagues demonstrated that there was no
difference in the incidence of MACE, cardiac death, non-
fatal MI, or revascularization in diabetic patients between
two groups during a median 45-month follow-up (10).
However, several large registry studies have had different
findings. VA-CART study, a national retrospective cohort
study, found that graft group has higher incidence of
mortality, MI, and repeat revascularization than native

© Journal of Thoracic Disease. All rights reserved.
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group during a 3.3-year follow-up (5). The Pan-London
study further validated that graft group has significantly
higher mortality compared with native group (12). In
addition, several meta-analyses demonstrated that native
coronary artery was the preferred target vessel, and patients
in native group has lower incidence of long-term adverse
cardiovascular events than bypass group (31,32).

As for long-term outcomes in our study, we found that
patients in graft group carried a higher risk of non-fatal
M]I, but there was no difference in other study endpoints
compared with native group with or without IPTW. What
we found was not quite the same as before, and there were
several possible explanations. First, atherosclerosis of SVG
lesions often consists of vulnerable plaques and thrombus,
which may embolize and cause myocardial necrosis (33).
Progression of atherosclerosis in native coronary artery
and graft overtime, which might be the major cause for the
difference in non-fatal MI between the two groups. Besides,
the SVG-PCI in the shaft lesions was correlated with a
higher incidence of MI (34). In our study, most SVG-PClIs
were performed in the body of SVG, which might be the
possible reason for higher incidence of MI. Second, with
the advent and improvement of interventional devices,
such as EPD, ELCA, intravenous ultrasound (IVUS) and
optical coherence tomography (OCT), which can help
operators easily identify high-risk and complex lesions and
further select more appropriate and safer strategies. Third,
all patients studied were professionally evaluated by the
interventional team, and then native coronary artery or
bypass graft as the target vessel was determined.

In such patients, PCI was the safest and durable strategy
for revascularization with a lower risk of in-stent restenosis,
and should be preferred (32). If technically feasible, native
coronary artery is preferred to be selected as target vessel,
which is recommended in guidelines (11). Guidelines
or consensus for coronary revascularization in prior
CABG patients are limited. The Percutaneous Coronary
Intervention of Native Coronary Artery Versus Venous
Bypass Graft in Patients with Prior CABG (PROCTOR)
trial NCT03805048) is the first multi-center, randomized
trial to investigate native coronary artery vs. bypass graft
intervention in prior CABG patients, which will provide
a paradigm for the selection of target vessels for such
intervention in the future.

Limitations

There were several potential limitations of the study. First,
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this was a single-center, retrospective, observational study,
and therefore subject to all the limitations of observational
studies. Second, the sample size was relatively small,
especially the number of CCS patients or patients in
graft group. Although the study patients were enrolled
consecutively, the majority of patients were male. Third,
due to lack of randomization, the choice of target vessel was
at the discretion of the operators. Although propensity score
was performed, unmeasured confounders might explain
some of the variability in procedural-related complications
after PCI. Fourth, patients’ coronary anatomies were not
assessed, such as the Synergy Between PCI With Taxus
and Cardiac Surgery (SYNTAX) score. Fifth, the use of
EPD for SVG-PCI was relatively low in our study. Possible
reasons for low use of EPD include anatomic unsuitability,
technical complexity and operator discretion.

Conclusions

This study found that native coronary artery might be
preferred to be selected for PCI in patients with prior
CABG because of lower rates of slow-flow/no-reflow
phenomenon, peri-procedural stroke and non-fatal MI at
follow-up. We are looking forward to the results of the
PROCTOR randomized trial. More large-scale randomized
trials are needed to provide more evidence for clinical
practice.
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