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Abstract
Aim  To investigate the efficacy and postoperative clinical adverse events of coronary artery bypass grafting (CABG) or 
percutaneous coronary intervention (PCI) for chronic kidney disease (CKD) study participants combined with coronary 
artery disease (CAD).

Methods  All randomized controlled trials (RCTs) that focus on the therapeutic effect evaluation of CABG and PCI 
and their effect on postoperative clinical adverse events as well as main adverse cardiovascular and cerebrovascular 
events (MACCEs) in CKD study participants with CAD were screened from the following databases, including CNKI, 
CBM, Wan Fang, VIP, Embase, PubMed, as well as Cochrane library clinical controlled trials. The study was conducted 
under the PRISMA 2020 criteria. Data were extracted, and quality control was evaluated from the modified Jadad 
rating scale. Meta-analysis was then undertaken through STATA 16.0 software.

Results  A total of 5 RCTs were obtained, including 1198 patients. Study participants were subdivided into 
two groups, including the PCI group (n = 604) and the CABG group (n = 594). Meta-analysis of clinical adverse 
events results showed that the long-term survival results of CAD patients with CKD who underwent PCI were 
worsened compared to CABG, such as long-term MACCEs (RR = 1.59, 95%CI: 1.04–2.43) and the long-term 
repeated revascularization (RR = 2.48, 95%CI: 1.76–3.49). Also, cardiac death (RR = 1.68, 95%CI:1.04–2.71), as well as 
cerebrovascular accident (RR = 1.74, 95%CI:1.04–2.90) in CABG group was significantly lower than that in PCI group.

Conclusion  This meta-analysis showed that CABG provided a better therapeutic effect than PCI in CKD patients 
with CAD when considering long-term prognosis. However, more prospective RCTs are needed to define the proper 
revascularization strategy for CAD patients with CKD.
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Introduction
Chronic kidney disease (CKD) generally has a worse 
prognosis after invasive procedures such as PCI or CABG 
than patients with healthy renal function. Coronary 
artery disease (CAD) is the main factor of death induced 
by cardiovascular events in CKD study participation [1]. 
CAD patients with CKD have serious and complex coro-
nary artery lesions, resulting in a poor prognosis and a 
large economic burden on patients [2]. A study con-
ducted by Baber et al. [3] concluded that the risk of mor-
tality, major adverse cardiovascular and cerebrovascular 
events (MACCEs), myocardial infarction (MI), as well as 
stroke is significantly higher in study participants with 
CKD compared with those without CKD. In a study of 
left main artery remodeling by Giustino et al. [4], mortal-
ity and incidences of major adverse cardiovascular events 
were significantly higher in CAD study participants with 
CKD than in CAD patients without CKD. Therefore, we 
should pay more attention to how to find more effective 
cardiac treatment strategies for these patients.

Recent studies have revealed that for CAD patients 
with CKD, timely diagnosis and early PCI or CABG have 
a lower mortality rate than drug therapy [5, 6]. Previous 
research has discovered that although CABG increases 
the incidence of short-term acute kidney injury, patients 
who underwent CABG have more favorable survival out-
comes than those who underwent PCI [7, 8]. However, 
Kang et al. [9] conducted follow-up research including 
2,108 CKD study participants with multi-vessel CAD, 
which concluded PCI utilizing drug-eluting stents had 
similar composite outcomes for stroke, all-cause death, 
or myocardial infarction (MI) compared with CABG 
group.

The 2018 European Society of Cardiology/ European 
Association for Cardio-Thoracic Surgery (ESC/EACTS) 
Guidelines recommend CABG over PCI in patients with 
moderate to severe CKD with multi-vessel disease [10]. 
Similarly, the American College of Cardiology/American 
Heart Association (ACC/AHA) guidelines recommend 
that CABG is superior to PCI in patients with end-stage 
renal disease (ESRD) accompanied by three-vessel dis-
ease, proximal left anterior descending artery (LAD) dis-
ease, plus other major artery disease [11]. However, these 
guidelines recommend mostly based on observational 
studies comparing bypass surgery with first-generation 
drug-coated stents or bare metal stents [12]. Results of 
an observational study by Bangalore et al. [13] show that 
in patients with CKD who underwent coronary revascu-
larization, bioabsorbable polymer-coated platinum chro-
mium everolimus-eluting stent (BP-EES), compared to 
those who underwent CABG surgery, were less frequent 
need for repeated revascularization and of significantly 
lower risk of death and stroke at one month. Thus, there 
is still a controversy as to whether CABG or PCI is better 

for patients with CKD combined with CAD. Therefore, 
we implemented a meta-analysis of randomized con-
trolled trials (RCTs) that had already been published to 
select a more appropriate treatment for CKD patients 
with CAD.

Materials and methods
Literature retrieval
The published studies using PCI and CABG outcome 
data in CKD study participants with CAD were systemat-
ically reviewed in accordance with the Preferred Report-
ing Project (PRISMA) Guidelines for Systematic Review 
and Meta-analysis [14]. As of February 10, 2023, we have 
conducted searches of studies related to this topic on the 
following databases, including PubMed, The Cochrane 
Central Register of Controlled Trials, Embase Database, 
Chinese Journal Full-text Database, Chinese Biomedi-
cal Literature Database, Wanfang Database, as well as 
Chinese Sci-tech Journal. The retrieval search strategy 
is “chronic kidney disease AND coronary artery bypass 
grafting AND percutaneous coronary intervention”.

Eligibility criteria for inclusion and exclusion
The studies where quantitative raw data can be obtained 
or the risk ratio (RR) can be calculated were included. 
If the study patient groups overlap, select a study with a 
larger sample size. Studies that meet the following cri-
teria are included: [1] Comparison of CABG and PCI 
data [2]. The patients participating in the study have 
CKD (eGFR < 60 ml/min/1.73  m² or Ccr < 60 mL/min) 
[3]. Randomized Controlled Trial (RCT). Research with 
the following conditions will be excluded: [1] Repeated 
research [2]. Meta-analysis, review, meeting summary, 
or agreement [3]. The postoperative results data on the 
comparison between CABG and PCI was not available. 
The main results of concern are all-cause death, MAC-
CEs, cardiac death, MI, the need for revascularization, 
and cerebrovascular accidents. Long-term follow-up 
refers to a follow-up period greater than three years. All 
studies were reviewed by two authors independently. The 
two authors evaluated the quality of the included studies 
as well as extracted relevant data. Our third author would 
assist in the settlement based on the standard if there 
were disagreements.

Evaluation of data quality and extraction of data
Standardized data tables were utilized to extract infor-
mation. The following data related to the study, patients, 
and outcomes were extracted: author, year of publica-
tion, design of experiment, sample in time, sample size, 
age, gender, average follow-up period, eGFR value, smok-
ing, diabetes, hypertension, hyperlipidemia, history of 
myocardial infarction as well as unstable angina his-
tory, history of peripheral vascular disease, myocardial 
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involvement lesion blood vessel, main not conscience 
for all-cause death, MACCEs, cardiogenic death, MI, 
repeated revascularization, as well as cerebrovascular 
accident. The RoB2 scale was utilized to evaluate the 
quality of the study by two independent authors [15].

Definition and outcome metrics
In CKD, the diagnostic standard was estimated as glo-
merular filtration rate (eGFR) < 60 mL/min/1.73 m2. CAD 
is defined as the presence of stenosis of ≥ 50% in the left 
main or ≥ 70% in any other epicardial coronary artery. 
The MI definition follows the 4th Universal definition of 
MI, like most papers currently [16]. Outcome measures 
were as follows: long-term all-cause and short-term all-
cause death, MACCEs, sudden cardiogenic death, MI, 
repeated revascularization, as well as cerebrovascular 
accident. Due to the material heterogeneity of the results 
reported in the studies, results were based on the fol-
lowing pre-specified definitions. Long-term all-cause 
death refers to deaths that occur throughout > 3 years. 
Short-term all-cause deaths were referred to as all-cause 
deaths within 30 days. A MACCE refers to a cardiovas-
cular composite endpoint event that includes all-cause 
death, non-fatal MI, cerebrovascular accident, as well 
as repeated revascularization. The term MI refers to the 
significant change in biomarkers for damaged cardiac 
tissue in conjunction with obvious signs or symptoms of 
patients that indicate disease related to cardiac ischemia. 
The cerebrovascular accident was diagnosed by a neurol-
ogist as neurological deficits based on imaging, such as 
stroke events, transient ischemic attacks (TIA), as well as 
reversible ischemic neurological deficits.

Analysis of statistical data
Statistical analysis was conducted using STATA 16.0 
software. RR as well as the corresponding 95% confi-
dence interval (CI) are analyzed. Statistically significant 
was defined as P < 0.05. The I² statistic was utilized to 
check the heterogeneity of the study. I2 values of 25–50%, 
50–75%, as well as > 75%, were low, medium as well as 
high heterogeneity [17], respectively. The fixed-effects 
model is utilized if I2 < 50% and the random-effects model 
is utilized in the statistical analysis if I2 > 50%. When 
heterogeneity was high, sensitivity analysis was imple-
mented after the exclusion of studies one by one. In order 
to evaluate the latent impact of publication bias, funnel 
plot asymmetry tests were conducted.

Results
Baseline characteristics of patients
Our pre-designated literature search identified 465 arti-
cles. After reviewing the title and abstract, 65 citations 
were reviewed in detail. However, we excluded 55 stud-
ies due to the inconformity of the designated inclusion 

criteria. A total of 5 trials were eligible for inclusion 
(Fig.  1). All the studies used randomized processing 
results analysis. A total of 1198 randomized subjects 
(PCI: 604; CABG: 594) were included, and the follow-up 
time after the intervention was 3–10 years. The baseline 
characteristics of the enrolled study participants are rep-
resented in Tables 1 and 2. CKD patients tend to be older 
and the proportion of male patients is higher.

Literature quality evaluation
The quality evaluation process of the five included studies 
was assessed in accordance with the modified Jadad scale. 
Finally, based on the evaluation results of 3 researchers, 
there were three high-quality and two low-quality arti-
cles. The quality evaluation form according to the RoB2 
scale (the risk of bias was classified into three levels: “low 
risk of bias,“ “some concerns,“ and “high risk of bias.“) is 
shown in Fig. 2.

All-cause death
Five research analyzed the long-term all-cause death 
events. The long-term mortality risk of participants who 
underwent CABG was slightly lower than that of the par-
ticipants who underwent PCI (RR = 1.26, 95%CI: 0.97–
1.64), without significant heterogeneity (I²=23.6%). The 
result is represented in Fig. 3. a. After the analysis of the 
subgroup was limited to short-term mortality risk, there 
were no significant differences in short-term mortality 
risk between the participants who underwent CABG and 
PCI (RR = 1.18, 95%CI: 0.30–4.86, I²=46.0%). The result is 
represented in Fig. 3. b.

MACCEs
Four studies reported long-term MACCEs. Due to the 
high heterogeneity (I² = 80.0%, p = 0.002), the random-
effects model was applied for analysis. The combined 
results show that the long-term risk of MACCEs in 
CABG is lower than that of PCI (RR = 1.59, 95%CI: 1.04–
2.43), which is represented in Fig. 4. a. However, after the 
analysis of the subgroup was limited to the short-term 
risk of MACCEs, it showed different results. There were 
no significant differences in short-term risk of MACCEs 
between the participants who underwent CABG and PCI 
(RR = 0.71, 95%CI: 0.17-3.00, Fig.  4. b), with significant 
heterogeneity (I²=85.5%).

Cardiac death
Three studies reported long-term cardiac death. Based 
on the pooled analysis results of these three studies based 
on a fixed-effect model, the long-term cardiac mortality 
rate of patients receiving CABG was significantly lower 
than that of patients receiving PCI (RR = 1.68, 95%CI: 
1.04–2.71; I2 = 46.5%; Fig. 5).
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MI
Five included studies reported long-term myocardial 
infarction and the results showed low heterogene-
ity (I2 = 23.0%, P = 0.268); using a fixed-effect model, the 
results shown in Fig.  6: RR = 1.07, 95%CI: 0.72–1.58. It 
can be considered that there were no significant differ-
ences in long-term risk of myocardial infarction between 
the participants with who underwent CABG and PCI.

Repeated revascularization
Four studies reported repeated revascularization without 
heterogeneity (I2 = 0.0%, P = 0.643). Therefore, the fixed-
effect model was utilized. The long-term risk of repeated 
revascularization of participants who underwent PCI was 
higher than that of participants who underwent CABG 
(RR = 2.48, 95%CI: 1.76–3.94, Fig.  7. a). When the sub-
group analysis referred to the short-term risk of repeated 
revascularization, it showed different results. There were 
no significant differences in short-term risk of repeated 
revascularization between the participants with who 
underwent CABG and PCI (RR = 0.84, 95%CI: 0.25–2.85, 
Fig. 7. b), without heterogeneity (I2 = 0.0%).

Cerebrovascular Accident
We pooled four research on cerebrovascular accidents, 
which represented no heterogeneity (I2 = 0%, p = 0.394); 
therefore, the fixed-effects model was utilized. The 
results indicated that the risk of long-term cerebrovascu-
lar accidents of participants who underwent PCI was sig-
nificantly higher than that of participants who underwent 
CABG (RR = 1.74, 95%CI: 1.04–2.90, Fig. 8).

Discussion
The purpose of our research is to conduct a meta-analy-
sis to compare the long-term and short-term outcomes 
of CKD patients receiving invasive treatment, includ-
ing CABG and PCI. Eventually, five relevant RCTs were 
published [4, 8, 18–20]. Our results show that CABG in 
CKD patients is associated with a lower risk of long-term 
MACCEs, cardiac death, long-term repeated revascu-
larization, and cerebrovascular accident compared with 
PCI. However, the long-term recurrence rate of MI was 
similar in the participants who underwent CABG and 
PCI cohorts. Interestingly, there were no significant dif-
ferences in short-term risk of all-cause death, MACCE 

Fig. 1  Literature screening diagram
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and repeated revascularization among the participants 
with who underwent CABG and PCI.

A previous meta-analysis of 2 trials and 15 retrospec-
tive trials (including 62,343 CKD patients) reported that 
compared with PCI, CABG is associated with lower long-
term mortality, MI, and repeated revascularization risk, 
and these results are consistent with our meta-analysis 
[21]. The heterogeneity of MACCEs’ RR in our results is 
significantly high, possibly resulting from the defect of 
the design of the experimental process as well as the dif-
ferent features in the eligibility criteria of inclusion and 
exclusion between research. PCI usually treats the culprit 
vascular disease that causes obvious symptoms. Never-
theless, other residual vascular stenoses will redevelop 
after undergoing PCI operation, inducing revasculariza-
tion development to be incomplete. The growing risk of 
incomplete revascularization is regarded as the primary 
factor of adverse cardiovascular events, including MI, 
repeated revascularization, as well as cardiac death [22]. 
On the contrary, participants undergoing CABG can be 
provided with new blood vessels to substitute the cul-
prit blood vessels, which ensures a greater possibility of 
achieving revascularization completely than participants 
undergoing PCI. Moreover, because of the requirement 
for repeated revascularization, CKD patients receiv-
ing PCI undergo routine coronary angiography follow-
up more frequently than patients receiving CABG, and 
coronary angiography also increases the incidence of 
adverse events to a certain extent [23]. Recent research 
has revealed that the incidence of stroke in the partici-
pants who underwent CABG may be reduced because of 
the utilization of the off-pump surgery technique as well 
as the avoidable utilization of aortic clipping [13]. Even 
though the long-term events of participants undergo-
ing PCI are not as favorable as participants undergoing 
CABG, PCI still has advantages over CABG, including a 
lower incidence of infection, shorter discharge time, and 
faster recovery.

Our study found that PCI was significantly less effec-
tive than CABG in terms of repeated revascularization 
and cardiovascular mortality endpoints. Several pos-
sible reasons can be analyzed: (1) CKD is often second-
ary to diabetes [24, 25], and diabetes can significantly 
increase the risk of in-stent restenosis in CAD patients 
after PCI, leading to a more frequent need for repeated 
revascularization. (2) CAD combined with CKD often 
manifests as diffuse multi-vessel lesions [26]. For these 
patients, PCI is generally difficult to achieve complete 
revascularization, with limited improvement in myocar-
dial ischemia and increased risk of angina recurrence. 
(3) CKD patients often have severe calcification, occlu-
sion, and complex lesions. Much more contrast agent is 
needed during PCI, and combined with renal dysfunction 
and a high rate of diabetes, the risk of contrast-induced Ta
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nephropathy is dramatically increased [27], further exac-
erbating the condition. All the above reasons would lead 
to more cardiovascular events such as repeated revascu-
larization and cardiac mortality after PCI. The 2018 ESC/
EACTS Guidelines on myocardial revascularization rec-
ommended CABG for stable angina patients with three-
vessel disease and diabetes (Class IA recommendation). 
Our research conclusions are aligned with this guideline 
recommendation [10].

A meta-analysis that included 2 RCTs and 15 ret-
rospective experiments reported that contrary to our 
findings, the incidence of short-term all-cause death of 
CABG is higher than PCI [21]. At the same time, it is 
interesting that a summary analysis of two RCTs with 
short-term MACCEs and repeated revascularization 
outcomes found that the risk of MACCEs and the pro-
portion of patient participants who underwent PCI who 
require repeated revascularization were significantly 
reduced than participants who underwent CABG. There-
fore, further research is required to explore whether CKD 
participants with CAD who undergo PCI or CABG have 
similar short-term risks.

Limitations
The novelty of this study is that we included all random-
ized controlled experiments. However, our research has 
several restrictions. Firstly, the amount of people partici-
pating in the research is still limited. Secondly, the SYN-
TAX scale tool is a specific instrument introduced by the 
Synergy between Percutaneous Coronary Intervention 
with TAXUS and Cardiac Surgery (SYNTAX) trial, which 
was utilized to assess the severity as well as the progres-
sion of CAD. Because of the lack of SYNTAX scale data 
in the majority of the research involved, the analysis of 
subgroups according to different SYNTAX score ranges 
were unfinished. Thirdly, a previous study has shown that 
patients undergoing peritoneal dialysis have a decreased 
incidence of hemorrhagic stroke than patients undergo-
ing hemodialysis [28]. Nevertheless, an analysis of sub-
groups according to different dialysis types (peritoneal 
dialysis and hemodialysis) couldn’t be implemented 
because the involved research did not offer enough infor-
mation on dialysis types. Fourth, many included studies 
did not evaluate drug therapy, which may affect long-
term results. What’s more, our study was the lack of 
evaluation of patients with renal dysfunction categorized 
according to eGFR due to the subgroup analyses were not 
being performed in the five included research. Last but 
not least, our study obtained a limited sample with a total 
of 1198 patients, conclusion needs to be further studied 
in a larger population.
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Conclusion
Thus, in accordance with the long-term follow-up results, 
CABG is still better than PCI for CAD patients with 
CKD. However, further large-sample RCT experiments 
are still needed to confirm the short-term MACCEs risk 
of PCI and CABG.

Fig. 3  Forest plot of all-cause death after treatment (PCI vs. CABG).

 

Fig. 2  Quality assessment of studies via the Risk of Bias 2 (RoB 2) tool
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Fig. 5  Forest plot of cardiac death after treatment (PCI vs. CABG).

 

Fig. 4  Forest plot of the major cardiovascular and cerebrovascular adverse events after treatment (PCI vs. CABG).
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Fig. 7  Forest plot of repeated revascularization after treatment (PCI vs. CABG).

 

Fig. 6  Forest plot of myocardial infarction after treatment (PCI vs. CABG).
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