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Introduction

Present guidelines recommend the timely reperfusion therapy 
for patients with acute myocardial infarction (AMI) to prevent 
or minimize ischemic complications with antithrombotic 
medications and/or catheter-based interventions (1,2). 
The anatomy and blood supply to the coronary artery in 

patients who had prior coronary artery bypass grafting 
(CABG) became more complex, when compared to patients 
without bypass history. It is more difficult to accurately judge 
culprit vessels in the setting of an emergency angiography, 
while bypass grafts often play a role. The culprit vessel was 
identified according to the comprehensive judgement by 
electrocardiographic findings, current coronary angiograms, 
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and previous bypass angiograms if available. The present 
study aimed to analyze the primary PCI success rate and 
in-hospital outcome of patients with prior CABG. The 
hypothesis was that patients who receive primary PCI with 
AMI and prior CABG have poor clinical outcomes.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-1813).

Methods

Subjects

This was a retrospective study. From January 2011 to 
December 2018, 3,685 patients received primary coronary 
angiography in the setting of AMI at Heart Center Beijing 
of Chaoyang Hospital, including ST-elevation myocardial 
infarction (STEMI, n=2,587) and non-ST-elevation 
myocardial infarction (NSTEMI, n=1,098), The data of 
78 cases with prior CABG (study group) in 3,685 were 
retrospectively analyzed. The same number of patients well-
matched in spectrum of AMI and three-vessel diseases were 
selected by random number generator from the same pool 
as control (control group). 

All patients in the study group received successful CABG 
at least 1 month before the target AMI. The emergency 
angiography was performed within 12 hours from the 
onset of STEMI and within 72 hours of NSTEMI. The 
diagnostic criteria followed the 2017 ESC Guidelines for 
the management of AMI in patients presenting with ST-
segment elevation and the 2015 ESC Guidelines for the 
management of acute coronary syndromes in patients 
without persistent ST-segment elevation (1,2). STEMI was 
defined as acute myocardial ischemia with cardiac troponin 
I (cTnI) levels >0.5 ng/mL (10-fold of the upper limit of 
normal) and significant ST-segment elevation (>0.2 mV in 
two adjacent chest leads and/or >0.1 mV in two adjacent 
limb leads), or a new left bundle branch block in the 
electrocardiogram (ECG). NSTEMI was defined as acute 
myocardial ischemia with cTnI >0.5 ng/mL in the absence 
of significant ST-segment elevation. Patients were excluded 
from the analysis when myocardial infarction (MI) occurred 
during the perioperative period after the CABG, or the 
clinical record data was not available completely.

Inclusion and exclusion criteria

Inclusion criteria: (I) patients were diagnosed with AMI 

as definition at admission; (II) age >18 years old; (III) had 
received emergency coronary angiography within 12 hours 
from the onset of STEMI and 72 hours of NSTEMI. Extra 
Inclusion criteria in study group: (I) patients who had 
received CABG at least 1 month before the target AMI; (II) 
with negative CABG relevant serum cardiac biomarkers.

Exclusion criteria: (I) patients were excluded from the 
analysis when the MI occurred during the perioperative 
period after the CABG; (II) with incomplete clinical record 
data to analyze.

Definition

Primary PCI success was defined as a restoration of 
thrombolysis in myocardial infarction (TIMI) 3 blood flow 
of the culprit vessels combined with symptom relief and the 
resolution in ST segment in the ECG through coronary 
angiography procedure and survived to discharge. 

The end points

The primary end point was PCI success rate in both groups. 
The secondary end point was all-cause in-hospital mortality. 
The PCI success rate and all-cause deaths were calculated 
during the hospitalization. This index was compared with 
the control group. The follow-up of hospital events was 
based on the medical record.

In the present study, the main observational indicators 
included the medical history of each patient’s hospitalization 
and their previous CABG surgery records. These records 
were combined with enhanced coronary arterial computed 
tomography (CT) imaging to identify the number, site 
and patency of bypass bridges. Furthermore, the present 
study analyzed the procedures of emergent angiography 
and PCI, the symptom relief after intervention, and the 
changes in ST segment in the ECG, left ventricular ejection 
fraction (LVEF) by echocardiography, and the peak values 
of serum cTnI and B-type brain peptide (BNP) during the 
hospitalization. The clinical follow-up was conducted by 
telephone or outpatient service.

Ethics approval 

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 Beijing 
Chaoyang Hospital approved this study (the study approval 
number (NO.: 2019-scientific-5-1) and individual consent 
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for this retrospective analysis was waived. 

Angiographic assessment

The emergency catheterization procedure was performed 
according to standard techniques. All patients received 80–
100 IU of unfractionated heparin before the primary PCI. 
Basal angiography was obtained in different angiographic 
views to observe the native coronary arteries and bypass 
grafts. If necessary, pig-tail catheters were used to detect the 
bypass grafts. 

Statistical analysis

The statistical analysis was performed using SPSS 22.0 
(IBM SPSS Statistics; IBM Corporation, Armonk, New 
York, USA). Normally distributed continuous variables 
were expressed as mean ± standard deviation, non-
normally distributed continuous variables were expressed 
in median [interquartile range (IQR)], and the categorical 
variables were expressed in frequency [percentage (%)]. 
Kolmogorove-Smirnov tests were performed to test the 
parametric distribution. Either t-test for unpaired samples 
(parametric distribution), or Manne-Whitney U-test 
(non-parametric distribution) were performed to test the 
statistical differences between the two groups, and compare 
the continuous variables. For categorical variables, chi-
square or Fisher’s exact test were carried out to test for 
significant differences. Multivariate conditional logistic 
regression models were constructed to test the association 
between PCI success rate and the prior CABG. All 
variables were compared using a bilateral test, with P<0.05 

considered statistically significant.

Results

General characteristics

A total of 119 cases with prior CABG were screened. 
Seventy-eight of 119 cases who achieved the criteria were 
included, while 41 cases were excluded. Among 41 cases, 
20 did not receive emergency coronary angiography within 
the defined time, 12 did not perform coronary angiography 
during the hospitalization, and 9 had incomplete clinical or 
coronary angiographic data for analyzing (Figure 1). Among 
the included 78 patients, 48 patients had STEMI and  
30 patients had NSTEMI. The span from CABG to the 
index AMI ranged within 1–241 months, with an average of 
112.9 months. 

In the control group, 78 cases presented with AMI and 
three-vessel disease, 48 with STEMI and 30 with NSTEMI, 
without a history of CABG were treated by primary 
coronary angiographic procedure during the same period as 
study group. 

The study group had more incidence of cardiogenic 
shock, intra-aortic balloon pump (IABP) implantation as 
well as in-hospital death than the control group, and longer 
hospital stay. The characteristics and clinical variables are 
presented in Table 1.

Angiographic results and interventional procedure 

All cases in the study group were performed primary 
angiography through femoral arterial access: 43 patients 
from the right and 9 from the left femoral access, 26 from 

Figure 1 Flowchart of patient’s selection. STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-elevation myocardial infarction; 
PCI, percutaneous coronary intervention.

119 cases, 76 STEMI and 43 NSTEMI Exclusion:
1) 20 did not perform emergency 

coronary angiography within the 
specified time

2) 12 did not perform coronary 
angiography during hospitalization

3) 9 clinical or coronary angiographic 
data were incomplete

PCI success rate and in-hospital outcome

STEMI
N=48

NSTEMI
N=30



1740 Liu et al. Primary PCI for patients with AMI 

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(3):1737-1745 | http://dx.doi.org/10.21037/jtd-20-1813

the bilateral femoral access with IABP implantation. 
A total of 229 bypass grafts were established in 78 cases  

in the study group, with an average of 2.93 per case. 
Among these, 76 bypass grafts were established to the left 
anterior descending (LAD), in which 74 were left internal 
mammary artery grafts (LIMA) and 2 were saphenous vein 
grafts (SVGs), 77 bypass grafts were established to the left 
circumflex (LCX), in which 4 were radial artery grafts and 
73 were SVGs, and 76 bypass grafts were established to the 
right coronary artery (RCA), and all were SVGs. For 17 
(21.8%) patients, the medical team was not able to identify 
the culprit vessels. Both the native coronary arteries and 

bypass grafts supply flowed to the electrocardiographic 
ischemic area, and three patients harvested chest pain relief 
and electrocardiographic ST-segment resolution after 
intervention of the presumable culprit vessels.

In 30 patients, a drug-eluting stent (DES) was implanted 
in the culprit lesions.11 patients were treated with drug-
coated balloon (DCB) after percutaneous transluminal 
coronary angioplasty (PTCA) was performed with. In 
15 patients, the culprit vessels restored the TIMI 3 flow 
through PTCA. Thrombus aspiration were performed in  
11 patients. Four of 11 suctions of the native coronary 
artery were performed, and another seven suctions of the 

Table 1 Baseline characteristics and follow-up of the patients

Variable Study group (n=78) Control group (n=78) P

Age (years), mean ± SD [range] 70.2±9.2 [46–86] 67.7±11.1 [43–88] 0.12

Female, n (%) 8 (10.3) 11 (14.1) 0.46

Hypertension, n (%) 70 (89.7) 63 (80.8) 0.11

Diabetes mellitus, n (%) 36 (46.2) 29 (37.2) 0.26

On-going smoker, n (%) 14 (17.9) 20 (25.6) 0.25

Hyperlipidemia, n (%) 66 (84.6) 68 (87.2) 0.64

Previous MI, n (%) 26 (33.3) 16 (20.5) 0.07

Cardiogenic shock, n (%) 16 (20.5) 5 (6.4) 0.01

Serum creatine, μmol/L, mean ± SD 103.9±68.2 96.7±45.2 0.69

LVEF value, mean ± SD 54.4±14.1 58.2±13.0 0.17

LVEF <35%, n (%) 9 (11.5) 5 (6.4) 0.26

Infarct territory, n (%)

Left anterior descending 14 (17.9) 38 (48.7) <0.001

Circumflex artery 27 (34.6) 14 (17.9) 0.02

Right coronary artery 37 (47.4) 26 (33.3) 0.07

IABP implantation, n (%) 26 (33.3) 15 (19.2) 0.04

cTnI, ng/mL, median (IQR) 13.4 (1.0–246.0) 34.1 (3.7–321.0) <0.01

BNP, pg/mL, median (IQR) 901.5 (35.0–35,000.0) 325.0 (23.0–23,259.0) 0.03

Hospital stay, days, mean ± SD [range] 12.0±7.2 [2–48] 9.7±4.5 [1–45] 0.03

Onset to balloon time, hours, mean ± SD 20.4±23.9 17.6±22.7 0.69

PCI success rate, n (%) 53 (67.9) 72 (92.3) <0.001

Culprit recognition, n (%) 59 (75.6) 74 (94.9) <0.001

In-hospital death, n (%) 9 (11.5) 2 (2.6) 0.03

CABG, coronary artery bypass grafting; MI, myocardial infarction; LVEF, left ventricular ejection fraction; IABP, intra-aortic balloon pump; 
cTnI, cardiac troponin I; BNP, B-type brain peptide; PCI, percutaneous coronary intervention; SD, standard deviation; IQR, interquartile 
range.
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bypass grafts were performed, which included one suction 
using an AngioJet catheter. One patient survived the 
gastrointestinal bleeding after a transfusion treatment. The 
subgroup analysis revealed that the STEMI group had a 
shorter onset to balloon time and more recognition of the 
culprit, when compared to the NSTEMI group. However, 
these shared the same in-hospital mortality with each other. 
It was considered that the STEMI group had a larger MI 
territory and the worse cardiac function, as indicated by the 
higher serum concentration of cTnI and BNP (Table 2). 

In the control group, 75 cases were performed primary 
angiography through right radial arterial access, 3 from the 
right femoral access.

The culprit lesion in patients with prior CABG

In the study group, 61 cases had explicit culprit vessels: 
33 in a native coronary artery and 28 in a bypass graft 
(42.3% vs. 35.9%, P=0.41). Seventeen cases presented 
with NSTEMI had ambiguous culprit vessels (21.8%). 
The culprit lesion in a bypass graft were more frequently 
spotted in a venous graft than in an arterial graft (89.3% 
vs. 10.7%, P<0.0001). The primary PCI failed in four 
cases that presented with STEMI: one case had a culprit 
lesion in the LCX with severe calcification, and repeated 
balloon dilatation failed to restore TIMI 3 antegrade blood 

flow, and stent implantation failed; two cases had culprit 
lesions in the SVG to RCA, repeated balloon dilatation 
failed to restore TIMI 3 antegrade blood flow, and stent 
implantation failed; and in one case the guidewire did not 
pass through a diffused culprit lesion in the SVG to LCX. 
A total of 11 PCIs failed (eight cases without angiographic 
restoration of TIMI 3 flow and three hospital deaths).

In the study group, more culprit vessels were the SVG-
RCA grafts and RCA (band together 38.5%), producing 
more inferior wall attacks than other territory (Figure 2). 
In the 48 patients who presented with STEMI, the inferior 
wall infarction ratio was significantly higher than the 
anterior wall infarction ratio (56.3% vs. 16.7%, P<0.001). 
The pie chart presents a description of the distribution of 
the infarct site (Figure 3).

In the control group, the culprit vessels were identified 
in all cases. LAD territory attack was seen more often than 
other territory (Table 1).

In-hospital mortality between two groups

The study group had a lower success rate of primary 
PCI (67.9% vs. 92.3%, P<0.001) and a higher in-hospital 
mortality than the control group (11.5% vs. 2.5%, P=0.03). 
Fifty-three in the study group and 72 in the non-CABG 
succeeded in primary PCI procedure according to the 

Table 2 Subgroup analysis of STEMI and NSTEMI in patients with AMI and prior CABG

Variable STEMI (n=48) NSTEMI (n=30) P

Serum creatinine, μmol/L, mean ± SD 107.1±75.9 97.2±51.9 0.83

Cardiogenic shock, n (%) 10 (20.8) 6 (20.0) 0.93

Prior MI, n (%) 18 (37.5) 8 (26.7) 0.32

cTnI, ng/mL, median (IQR) 20.2 (9.0–245.0) 6.7 (1.0–140.0) <0.001

BNP, pg/mL, median (IQR) 1,263.0 (68.0–35,000.0) 402.0 (35.0–4,201.0) 0.002

LVEF, %, mean ± SD 43.4±14.9 46.0±12.7 0.34

Time since last coronary artery bypass grafting, 
months, mean ± SD

123.5±64.0 100.8±70.5 0.53

Onset to balloon time, hours, mean ± SD 9.1±10.1 38.5±28.4 <0.001

PCI success rate, n (%) 37 (77.1) 16 (56.7) 0.05

Culprit recognition, n (%) 42 (87.5) 17 (56.7) 0.002

In-hospital death, n (%) 6 (12.5) 3 (10.0) 0.73

STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-elevation myocardial infarction; AMI, acute myocardial infarction; CABG,  
coronary artery bypass grafting; cTnI, cardiac troponin I; BNP, B-type brain peptide; LVEF, left ventricular ejection fraction; PCI, percutaneous 
coronary intervention; MI, myocardial infarction; SD, standard deviation; IQR, interquartile range.
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definition. Nine cases died in the study group, 6 STEMI 
and 3 NSTEMI. Meanwhile, two cases died in the control 
group, 1 STEMI and 1 NSTEMI (Table 1).

The relationship between PCI success rate and the prior 
CABG

Multivariable modeling revealed the history of prior CABG 
was the only independent risk factor for emergency PCI 
success rate other than sex, hypertension, diabetes mellitus, 
diabetes mellitus, hyperlipidemia, on-going smoker, old 
myocardial infarction (OMI), renal insufficiency, infarcted 
territory both in young patients [age <65 years; odds ratio (OR) 
=5.26, 95% confidence interval (CI): 1.69–16.47] and elderly 
(age ≥65 years; OR =13.76, 95% CI: 2.72–69.75) (Table 3).

Discussion 

By retrospectively analyzing the primary PCI procedures 
in 78 patients with AMI and prior CABG, the present 
observational study revealed the decreased success rate 
of PCI and the increase in in-hospital mortality in these 
specific patients with prior CABG, when compared to 
their counterparts that had no bypass experience. The 
process of emergency PCI of such patients is more 
complex and the outcome of hospitalization is poor. The 
primary PCI success rate is 67.9%, which was significantly 
lower than the index of the contemporaneous data of 
patients without prior CABG, according to the hospital’s 
database (67.9% vs. 92.3%, P<0.001). Meanwhile, the in-
hospital mortality was 4.6 times higher than the study 
counterparts for the same period. These study results are 
in accordance with the observation of Blachutzi. Both 
studies exhibited a significant increase in mortality in 
patients who previously received CABG in the primary 
PCI of AMI (3). Blachutzi’s observational study included 
121 patients with a 13% in-hospital mortality, and this 
study revealed that poor outcome was mainly associated 
with older age and congestive heart failure (3). The CAMI 
registered study that looked at years 2013–2014 revealed 
that 8% Chinese patients hospitalized for AMI (including 
STEMI and NSTEMI) had a prior MI (4). A research 
for reperfusion treatment for AMI from a central city in 
China revealed that 14.7% of the enrolled STEMI patients 
had a prior MI (5). However, in the present study, 33.3% 
patients had a prior MI before they received CABG. This 
means that more objects in the study were in a status of 
chronic heart failure. Recurrent MI, even with a smaller 
territory, is prone to induce heart failure or cardiogenic 
shock (6). In the present study, the BNP peak values, but 
not the cTnI, were significantly higher in the death group, 
when compared to the surviving group. The high BNP 
elevation reflected the degree of insufficiency of heart 
function, which is positively correlated to the mortality 
during hospitalization (7). Although the serum cTnI were 
lower in the study group, the clinical outcomes were worse. 
This suggests a history of prior CABG is a predictor for 
a worse in-hospital outcome for patients who underwent 
primary PCI even with less infarcted territory. Two clinical 
researches conducted by Le-feng Wang and Li Xu revealed 
that cardiogenic shock is an independent predictor of death 
during hospitalization for AMI treated with emergency PCI 
(8,9). Consistent with these conclusions, the present study 
also revealed that cardiogenic shock increased the risk of 
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death of high-risk AMI patients treated by emergency PCI 
by 4.6 times. The subgroup analysis for the patients with 
prior CABG revealed that the STEMI group had a shorter 
onset to balloon time and more recognition of culprit, when 
compared to the NSTEMI group, but these two groups 
shared the same in-hospital mortality. It was considered 
that the STEMI group has a larger MI territory and the 
worse cardiac function, as indicated by the higher serum 
concentration of cTnI and BNP. The present observational 
study also revealed that patients who had prior CABG 
and developed STEMI had a more significant inferior 
wall, when compared to the anterior wall. Through case 
analysis, it was observed that 97.4% of the bridges to the 
LAD were arterial grafts, and this was significantly higher, 
when compared to arterialization grafts for LCX (5.2%, 
P<0.0001) and RCA (0%, P<0.0001). During the average of 
112.9 months of time since the last CABG to enrollment, 
the patent rate was 83.8% for the LIMA bridge, 50% 
for the SVG-LCX bridge, and 31.4% for the SVG-RCA 
bridge. Yi et al. reported that the long-term patent rate 
for an arterial graft is significantly higher than the venous 
one (10). This asserts that the less anterior wall attacks 
are linked to the low closure rate of LIMA bridges. In the 
present study, it was found that more culprit lesions in 

the SVG-RCA grafts and RCA (band together at 38.5%) 
caused more inferior wall attacks. Blachutzi’s study revealed 
that the culprit lesions in patients with prior CABG that 
presented with AMI were more often located in bypass 
grafts than in native arteries (3). However, the present study 
revealed that there was no significant difference between 
bypass grafts and the native coronary arteries in their 
contribution to be a culprit. However, the study conducted 
by Blachutzi and the present study analyzed a small sample 
of patients, and it was considered that more researches need 
to be performed to clarify the truth. The operator in an 
emergent setting often meets more technical and strategical 
difficulties in performing a PCI for cases with prior CABG 
due to the lack of information of the previous bypass and 
native vessels (11-14). In one case, the patient experienced 
STEMI in the anterior wall, with the left main trunk and 
three vessels disease by coronary angiography, and received 
staged CABG thereafter. A second STEMI occurred in the 
inferior wall at three months after the bypass surgery. The 
emergency angiography revealed an occlusion both in the 
middle site of the RCA and proximal site of the SVG graft. 
The PCI shifted to the SVG graft after a failed attempt 
to intervene the RCA. A Y-type SVG graft emerged after 
balloon dilation and aspiration, supplying flow to the 

Table 3 Predictors of primary PCI success rate in multivariable logistic regression analysis

Variable
Age <65 (n=61) Age ≥65 (n=95)

OR (95% CI) P value OR (95% CI) P value

Prior CABG 5.26 (1.69–16.47) 0.004 13.76 (2.72–69.75) 0.002

Sex 1.42 (0.34–5.98) 0.64 1.89 (0.32–11.18) 0.48

Hypertension 0.44 (0.04–4.99) 0.51 0.86 (0.03–29.08) 0.93.

Diabetes mellitus 1.05 (0.02–6.43) 0.57 1.24 (0.32–4.85) 0.76

Hyperlipidemia 0.97 (0.12–7.96) 0.98 0.47 (0.02–15.59) 0.67

On-going smoker 0.44 (0.03–5.92) 0.53 0.61 (0.13–2.78) 0.52

OMI 1.18 (0.45–3.06) 0.74 1.56 (0.47–5.17) 0.47

Renal insufficiency 1.01 (0.99–1.01) 0.74 1.00 (0.99–1.01) 0.55

Infarcted territory

LAD 1.35 (0.12–15.66) 0.81 1.59 (0.10–3.49) 0.56

LCX 0.54 (0.11–20.69) 0.45 0.48 (0.22–10.01) 0.69

RCA 1.52 (0.04–63.84) 0.83 1.03 (0.19–5.51) 0.97

Baseline patient variables related to primary PCI success rate on multivariable analysis defined by a P value <0.05. PCI, percutaneous 
coronary intervention; OR, odds ratio; CI, confidence interval; CABG, coronary artery bypass grafting; OMI, old myocardial infarction; LAD, 
left anterior descending; LCX, left circumflex; RCA, right coronary artery.
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RCA and LCX. The culprit of the bypass graft restored 
the TIMI 3 blood flow, and the elevated ST segment in 
the ECG was resolved. This case reflects the complexity 
of the emergency PCI procedure in patients with prior 
CABG. The operator prefers to choose a technically toilless 
candidate culprit to perform when there is more than 
one potential vessel. Misjudging often delays the time of 
reperfusion. The present study shows that emergency PCI 
for patients with prior CABG is a procedure with a high 
risk of mortality and technical complexity. The present 
group of patients with previous CABG was older, with more 
prior MI and renal insufficiency. AMI was more likely to 
induce acute congestive heart failure (15,16) and aggravate 
the renal injury (17-19). The possible reasons for the lower 
level of LVEF in this group of patients were the less viable 
myocardium in some parts of the cases, and the progression 
of the ischemic cardiomyopathy (20). Therefore, primary 
PCI for patients with AMI and prior CABG induces more 
adverse events during hospitalization, which remains as a 
challenge for interventional cardiologists. 

Limitations

There were several limitations in the present study. First, 
the present study was non-randomized controlled trial. 
Second, the present study was merely a single-center trial, 
and the sample size was limited. Third, the clinical follow-
up was short, and it was necessary to observe the clinical 
long-term prognosis. Conclusion: Patients who underwent 
a primary PCI with AMI and prior CABG have poor in-
hospital outcomes, low PCI success rates, and high mortality. 
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