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Optimal treatment strategies for coronary
artery disease in patients with advanced
kidney disease: a meta-analysis
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Abstract

Background: Coronary artery disease (CAD) is the leading cause of death in advanced kidney
disease. However, its best treatment has not been determined.

Methods: We searched PubMed and Cochrane databases and scanned references to related
articles. Studies comparing the different treatments for patients with CAD and advanced
CKD (estimated glomerular filtration rate <30 ml/min/1.73 m2 or dialysis) were selected. The
primary result was all-cause death, classified according to the follow-up time: short-term
(<1month), medium-term (1 month-1year], and long-term (>1year].

Results: A total of 32 studies were selected to enroll 84,498 patients with advanced kidney
disease. Compared with medical therapy (MT) alone, percutaneous coronary intervention
(PCI) was associated with low risk of short-, medium-term and long-term all-cause death
(more than 3years). For AMI patients, compared with MT, PCl was not associated with low risk
of short- and medium-term all-cause death. For non-AMI patients, compared with MT, PCI
was associated with low risk of long-term mortality (more than 3years). Compared with MT,
coronary artery bypass surgery ([CABG) had no significant advantages in each follow-up period
of all-cause death. Compared with PCI, CABG was associated with a high risk of short-term
death, but low risk of long-term death: 1-3years; more than 3years. CABG could also reduce
the risk of long-term risk of cardiac death, major adverse cardiovascular events (MACEs),
myocardial infarction (MI), and repeat revascularization.

Conclusions: In patients with advanced kidney disease and CAD, PCl reduced the risk of
short-, medium- and long- term (more than 3years) all-cause death compared with MT.
Compared with PCIl, CABG was associated with a high risk of short-term death and a low risk

of long-term death and adverse events.

Keywords: coronary artery bypass graft, coronary artery disease, kidney disease, medical
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Introduction

Coronary artery disease (CAD) is the main cause of
death in patients with chronic kidney disease
(CKD), and the risk of death will gradually increase
with the deterioration of renal function.! The mor-
tality of dialysis patients with acute coronary syn-
drome (ACS) is more than 70% at 2years.?
However, CAD patients with CKD rarely receive
the treatment recommended by standard guide-
lines (coronary angiography or revascularization).?*

This result is caused by a variety of factors: a high
risk of acute kidney injury after revascularization, a
high risk of acute complications, a high risk of reste-
nosis and repeated revascularization, and an
increased risk of bleeding.>¢

Many large-scale studies exclude patients with
chronic kidney disease, resulting in a lack of evi-
dence support for treatment.” Earlier studies
believed that revascularization could reduce the
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risk of cardiovascular death and acute myocardial
infarction (AMI) and improve the quality of
life.%-8:9 However, the latest ISCHEMIA-CKD
study showed that an invasive strategy was not
superior to osteopathic manipulation (OMT) for
end-stage kidney disease patients with stable
CAD.10 At present, no unified conclusion has
been reached: in patients with advanced kidney
disease, can early high risks after revascularization
be offset by late gains?11-13

This study aims to explore the best treatment for
coronary heart disease in patients with advanced
kidney disease. We control the three comparison
groups separately [percutaneous coronary inter-
vention (PCI) versus medical therapy (MT); coro-
nary artery bypass grafting (CABG) versus MT;
and CABG versus PCI] in addition to the differ-
ent CAD types, different follow-up time, and
types of stents for subgroup analysis. We hope
that this study will provide evidence support for
the treatment of coronary heart disease in patients
with advanced kidney disease.

Methods

Search strategy

We searched the PubMed and Cochrane library
database to find relevant studies though 22 April
2020. We used the search terms such as ‘chronic
kidney disease, renal failure, end-stage renal dis-
ease, advanced kidney disease, CKD’ and ‘percuta-
neous coronary intervention, coronary
revascularization PCI, coronary artery bypass graft-
ing, CABG’, and ‘medical therapy, MT, drug
treatment, optimal medication therapy, OMT’. We
also manually screened the included manuscript
reference list as a supplement to the first search.
These studies were independently retrieved by two
authors (J.W.Y and ]J.F.T). The inconsistencies
were resolved with the third author (X.T.S). This
systematic review protocol has been registered with
the PROSPERO (CRD42020201788).

Selection criteria

The selected studies were required to meet the
following criteria: (1) included patients with
advanced kidney disease, that is, patients with
CKD stage IV and stage V, defined as an esti-
mated glomerular filtration rate (¢GFR) <30ml/
min/1.73m? or receiving dialysis.!® The eGFR

was estimated by the Modification of Diet in
Renal Disease Study formula (MDRD); (2) and
diagnosed with coronary artery disease; (3) at
least compared the two treatments (MT, PCI or
CABG); (4) provided at least one of the following
outcomes: all cause death, cardiac death, major
cardiovascular events, myocardial infarction
(MI), and recurrent myocardial infarction, repeat
revascularization at follow-up; (5) RCT or obser-
vational study.

We removed the duplicates, conducted headline
review, and conducted abstract screening. The
reasons for exclusion were as follows: (1) failure
to meet the diagnosis of advanced kidney disease
and coronary heart disease; (2) failure to provide
at least one valid outcome; (3) no treatment com-
parison; (4) meta-analysis, review, study proto-
col, comment, abstract, case report, or letter.
Figure 1 shows the search and screen protocol.

Data extraction and outcomes

Data were extracted independently by two authors
(J.W.Y and ]J.F.T) and verified by a third author
(X.T.S). The extracted data included: study type,
diagnosis of CAD, diagnosis of CKD, comparison
groups (PCI versus MT; CABG wversus MT; and
CABG wversus PCI), patient characteristics, and
results at different follow-up times. The primary
outcome was all-cause death. The secondary out-
comes included cardiac death, major adverse car-
diac events (MACEs), MI, and unplanned
coronary revascularization. MACEs were defined
as all-cause death/cardiac death, non-fatal MIs, re-
hospitalization because of congestive heart failure,
or repeat revascularization. The short-term follow-
up time was less than 30days, the medium-term
follow-up time was 1 month—1year, and the long-
term follow-up time was more than lyear (1-
3years and more than 3years).

Statistical analysis

Statall.0 (StataCorp, College Station, Tex) was
used for analysis. Firstly, we performed the meta-
analysis based on different endpoints and different
treatment comparison groups. Secondly, we con-
ducted subgroup analysis based on different fol-
low-up times. Respecting to the all-cause death,
individuals of AMI, non-AMI, and multivessel dis-
ease (MVD) were analyzed separately. Regarding
the second endpoint, AMI and non-AMI were
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Figure 1. Flowchart of study selection.

analyzed separately. We calculated the odds ratio
(OR) of the 95% confidence interval (CI). The I?
test was used to assess heterogeneity between stud-
ies (low heterogeneity: I? 0-25%; moderate hetero-
geneity: I? 25-50%; severe heterogeneity: I? greater
than 50%). Assuming I?<<50%, the M-H fixed
effects model was used, and if I2>50%, the M-H
random effects model is used in the statistical anal-
ysis process. A p-value <0.05 was considered sta-
tistically significant.

Sensitivity analysis and quality assessment

When heterogeneity is high, sensitivity analysis
was performed by excluding all end points of each
study one by one. Random effects are used to
recalculate set estimates. We used the Egger’s

linear regression test and funnel chart visual
inspection to assess publication bias. We used the
Cochrane risk bias rating scale to assess the qual-
ity of randomized controlled trials (RCTs) and
the Newcastle-Ottawa Scale (NOS) for retrospec-
tive studies.

Result

A total of 894 references were identified from the
database search analysis, and 15 references were
identified from other sources. Among them, 551
were excluded from the screening process at the
title and summary levels (Figure 1). Of the
remaining 117 studies, 85 were excluded for the
following reasons: missing the primary endpoint
(n=40), not group studies according to different
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treatment (z=21); only describe one treatment
(n=5); and not meet the diagnostic criteria for
end-stage renal disease (#=19). The remaining
32 studies reported all-cause mortality and did
not meet any other exclusion criteria. Four stud-
ies1417 were from the USRDS database, but the
time was different. Three of them: Shroff er al.1*
(2004-2009) Herzog et al.'® (1978-1995), and
Herzog!> (1995-1998), were used for CAD meta-
analysis, while Chang ez al.l”7 (1997-2009) was
only used for MVD meta-analysis.

Baseline characteristics

The characteristics of the study are listed in Table
1. The 32 selected studies included 84,598 patients,
two of which were randomized controlled trials and
30 were observational studies. There are four stud-
ies on patients with acute myocardial infarction
(AMI), five studies on patients with non-AMI, and
four studies on MVD. Twenty-six studies reported
on the results of dialysis patients. Regarding each
endpoint, we separately analyzed the population
with AMI and non-AMI. However, due to the lack
of reports on secondary endpoints in the AMI
study, only all CAD and non-AMI classifications
were included in the secondary endpoints. In addi-
tion, we also distinguished the types of stents used
in PCI: bare metal stent (BMS) and drug-eluting
stent (DES). However, many articles do not com-
pletely distinguish BMS from DES. Only eight
studies clearly indicated that DES-PCI was com-
pared with CABG in patients with non-AMI
(Figure 2), and none compared DES-PCI with
MT. The follow-up period ranges from in-hospital
to 8years. The average age ranges were from 41 to
77years old. Most of the patients were men,
>60years old, more than two thirds had hyperten-
sion, and more than one third had diabetes.

All-cause death

Percutaneous coronary intervention versus
medical therapy

A total of ten studies compared PCI with MT,
including 1480 people receiving PCI and 4422
receiving MT. None of them compared DES-
PCI with MT. Compared with MT, PCI was
associated with reduced short- and medium-term
mortality and long-term mortality (more than
3years): 0—1 month (OR: 0.60; 95% CI: 0.43-
0.82, p<0.05); 1month—1year (OR: 0.60; 95%
CI: 0.44-0.82, p<<0.05); more than 3years (OR:

0.64; 95% CI. 0.48- 0.85, p<<0.05). During
1-3years of follow-up, there was no significant
difference in all-cause mortality between PCI and
MT (OR: 0.82; 95% CI: 0.62-1.09, p=0.182).
Different follow-up time subgroups had mild to
moderate heterogeneity (I?=26.80%, 20.30%,
37.10%, and 48.50%, respectively) (Table 2).

However, for AMI patients, PCI did not reduce
the short- and medium-term all-cause mortality
compared with MT: 0-1month (OR: 0.65; 95%
CI: 0.41-1.05, p=0.079); 1month—-1year (OR:
0.70; 95% CI: 0.42-1.15, p=0.157) (Table 2).

For non-AMI patients, there was no significant
difference in medium-term and long-term (1-—
3years) mortality between PCI and MT: 1 month—
lyear (OR: 0.54; 95% CI: 0.24-1.25, p=0.151);
1-3years (OR: 0.63; 95% CI. 0.30-1.31,
p»=0.213). However, PCI was associated with a
reduction in long-term mortality (more than
3years) (OR: 0.46; 95% CI: 0.30-0.72, p<<0.05).

As for MVD patients, PCI was only associated
with a reduction in long-term mortality (more
than 1year): 1 month—1year (OR: 0.55; 95% CI:
0.21-1.44, p=0.221); 1-3years (OR: 0.29; 95%
CI: 0.11-0.77, p<0.05); more than 3years (OR:
0.33; 95% CI: 0.12-0.93, p<0.05) (Table 2).

Coronary artery bypass surgery versus medical
therapy

Five studies compared CABG with MT, includ-
ing 341 people receiving CABG and 2896 receiv-
ing MT. There was no statistical difference
between CABG and MT in each subgroup of
follow-up time: less than 1month (OR: 1.25;
95% CI: 0.83-1.88, p=0.392); 1month-1year
(OR: 0.67; 95% CI: 0.21-2.09, p=0.079);
1-3years (OR: 0.80; 95% CI. 0.06-10.68,
p»=0.536); and more than 3years (OR: 1.17;95%
CI: 0.80-1.73, p=0.415) (Table 2). There were
mild heterogeneities in the subgroup with less
than 1 month follow-up time (I?=10.50%), and
severe heterogeneity in the subgroups with
1 month—1year and 1-3years (I? is 51.70% and
63.60%, respectively).

For patients with AMI, CABG did not reduce the
short-term all-cause mortality compared with medical
treatment (OR: 1.18; 95% CI: 0.77-1.80, p=0.437);
however, CABG was associated with the reduction in
the medium-term all-cause mortality (OR: 0.37; 95%
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Favoursthe former

Favoursthe latter

Figure 2. Comparison of CABG and PCI with DES for advanced kidney disease patients with non-AMI.
AMI, acute myocardial infarction; CABG, coronary artery bypass surgery; DES, drug-eluting stent; PCI, percutaneous

coronary intervention.

CI: 0.16-0.82, p<<0.05). In patients with non-AMI,
compared with MT, CABG did not have a statisti-
cally significant difference in the subgroup of medium
and long follow-up time: 1 month—1year (OR: 0.42;
95% CI: 0.02-10.28, p=0.594); 1-3years (OR: 0.14;
95% CI: 0.01-3.08, p=0.213) (Table 2).

Coronary artery bypass surgery versus
percutaneous coronary intervention

A total of twenty-seven studies compared CABG
with PCI. Compared with CABG, PCI was associ-
ated with the reduction in short-term all-cause
mortality (OR: 2.24;95% CI: 1.80-2.80, »<<0.05).
CABG was associated with a reduction in long-
term all-cause mortality: 1-3 years (OR: 0.81; 95%
CI: 0.74-0.88, p<<0.05); more than 3years (OR:
0.85; 95% CI: 0.75-0.96, p<<0.05). There was no
statistically significant difference in medium term
all-cause mortality (OR: 0.91; 95% CI: 0.81-1.02,
p=0.116) (Table 2). There were moderate hetero-
geneities in the subgroup with 1-3years follow-up
time (2=38.70%), and severe heterogeneity in the

other three subgroups (I? is 60.30% 66.50%, and
73.10%, respectively) (Table 2).

For patients with AMI, CABG did not reduce the
short- and medium-term all-cause mortality com-
pared with PCI: less than 1 month (OR: 1.95;95%
CI: 0.69-5.47, p=0.206); 1month—1year (OR:
0.54; 95% CI: 0.20-1.42, p=0.211) (Table 2).

In patients with non-AMI, PCI was associated
with a reduction in short-term mortality compared
with CABG (OR: 3.02; 95% CI. 1.67-5.46,
$<0.05). CABG was associated with a reduction
in long-term mortality compared with PCI: more
than 3years (OR: 0.82; 95% CI: 0.77-0.88,
p<<0.05). But there was no statistical difference in
1 month—years follow-up times subgroups:
1 month—1year (OR: 1.05; 95% CI: 0.98-1.13,
$=0.133); 1-3years (OR: 0.90; 95% CI: 0.71-
1.14, p=0.400) (Table 2). When we performed a
subgroup analysis of DES-PCI versus CABG, we
found the same results: DES-PCI was associated
with a reduced risk of short-term death (OR: 3.17;
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Table 2. Comparison of different treatments in advanced kidney disease patients with coronary artery disease: all-cause death.

Types of Subgroup Follow-up time  No. of OR (95% CI) p-value for I-squared  p-value for
CAD studies meta-analysis (%) heterogeneity
CAD PCI versus MT <1month 4 0.6 (0.43, 0.82) <0.05 26.80 p=0.251
1 month-1year 7 0.6 (0.44, 0.82) <0.05 20.30 p=0.275
1-3years 4 0.82(0.62, 1.09) 0.182 37.10 p=0.190
>3years 3 0.64 (0.48, 0.85) <0.05 48.50 p=0.143

CABG versus MT <1 month 3 1.25(0.83, 1.88) 0.392 10.50 p=0.327
1Tmonth-1year 3 0.67 (0.21, 2.09) 0.079 51.70 p=0.126
1-3years 2 0.80 (0.06, 10.68) 0.536 63.60 p=0.097
>3years 1 1.17 (0.80, 1.73) 0.415 / /

CABG versus PCl  <1month 19 2.24.(1.80, 2.80) <0.05 60.30 p<0.001
1Tmonth-1year 10 0.91(0.81, 1.02) 0.116 66.50 p=0.001
1-3years 20 0.81 (0.74, 0.88) <0.05 38.70 p=0.040
>3years 1 0.85 (0.75, 0.96) <0.05 73.10 p<0.001

AM| PCI versus MT <1month 3 0.65(0.41, 1.05) 0.079 50.00 p=0.135
1Tmonth-1year 4 0.70(0.42, 1.15) 0.157 51.70 p=0.102

CABG versus MT  <1month 2 1.18 (0.78, 1.80) 0.437 0 p=0.344
Tmonth-1year 1 0.37(0.16, 0.82) <0.05 / /

CABG versus PCI <1 month 2 1.95(0.69, 5.47) 0.206 58.20 p=0.122
1 month-1year 1 0.54 (0.20, 1.42) 0.211 / /

Non AM|  PCl versus MT 1month-1year 2 0.54 (0.24, 1.25) 0.151 0 p=0.645
1-3years 3 0.63(0.30, 1.31) 0.213 57 p=0.095
>3years 2 0.46(0.30, 0.72) <0.05 0 p=0.608

CABG versus MT 1month-1year 1 0.42(0.02, 10.28) 0.594 / /
1-3years 1 0.14(0.01, 3.08) 0.213 / /

MVD PCI versus MT 1month-1year 1 0.55 (0.21, 1.44) 0.221 / /
1-3years 1 0.29 (0.11, 0.77) <0.05 / /
>3years 1 0.33(0.12, 0.93) <0.05 / /

CABG versus PCI  <1month 2 2.01(0.76, 5.31) 0.158 0 p=0.950
1month-1year 2 1.15(0.69, 1.91) 0.598 0 p=0.714
1-3years 3 0.91(0.54, 1.55) 0.74 42.90 p=0.174
>3years 2 1.03 (0.72, 1.49) 0.854 0 p=0.579

AMI, acute myocardial infarction; CABG, coronary artery bypass surgery; CAD, coronary artery disease; Cl., confidence interval; MT, medical

therapy; MVD, multivessel disease; PCI, percutaneous coronary intervention; OR, odd’s ratio.

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

JYong, J Tian et al.

Types of Follovwup Number of
CAD Subgroup time studies OR (95% CI) P-value |-squared
CAD
PClvs. MT  1m-1y 1 ~— 0.10 (0.01, 0.78) <0.05 %
PClvs. MT  1y-3y 2 - 0.38(0.05,3.19) 0376 77.00%
CABG vs. MT 1m-1y 1 ~— 0.03 (0.00, 0.70) <0.05 %
CABGvs. PCl=im 1 * 0.61(0.04, 10.02) 0.729 %
CABGvs. PCIl 1m-1y 2 - 0.61(0.23, 1.60) 1.01 0%
CABG vs. PCI 1y-3y 6 - 0.32(0.16, 0.64) <0.05 61%
CABG vs. PCI >3y 2 . 0.52(0.39, 0.69) <0.05 0%
Non AMI
PClvs.MT 1m-ly 1 -— 0.10 (0.01, 0.78) <0.05 %
PClvs.MT  1y-3y 2 -—t 0.38(0.05, 3.19) 0.376 77.00%
CABGvs. MT 1m-ty 1 ~— 0.03 (0.00, 0.70) <0.05 %
CABGvs. PCl 1m-1y 2 - 0.61(0.23, 1.60) 1.01 0%
CABG vs. PCI 1y-3y 3 R 4 0.63(0.47, 0.85) <0.05 0%
CABGvs. PCI >3y 2 L d 0.52(0.39, 0.69) <0.05 0%
T T T
-25 1 S 10

Favours the former

Favours the latter

Figure 3. Comparison of different treatments for advanced kidney disease patients with CAD: cardiac death.

CAD, coronary artery disease.

95% CI: 2.75-3.65, p<<0.05), while CABG was
associated with a reduced risk of long-term death
(more than 3years) (OR: 0.82; 95% CI: 0.77—
0.88, p<<0.05) (Figure 2).

For patients with MVD, no benefit of PCI was
found compared with CABG: less than 1month
(OR: 2.01; 95% CI: 0.76-5.31, p=0.158);
1 month-1year (OR: 1.15; 95% CI: 0.69-1.91,
»=0.598); 1-3years (OR: 0.91; 95% CI: 0.54—
1.55, p=0.74); and more than 3years (OR: 1.03;
95% CI: 0.72-1.49, p=0.854) (Table 2).

Cardiac death

Sixteen studies reported the results of cardiac death.
The results showed no difference between the
PCI versus MT and CABG versus MT (Figure 3).
Compared with PCI, CABG had no difference in
short-term cardiac death, but was associated with a
reduction in the risk of medium- and long-term car-
diac death: less than 1 month (OR: 1.29; 95% CI:
0.47-3.52, p=0.616); 1 month—1year (OR: 0.88;

95% CI: 0.80-0.95, p<<0.05); 1-3years (OR: 0.84;
95% CI. 0.78-0.90, p<0.05); and more than
3years (OR: 0.86; 95% CI: 0.76-0.96, p<<0.05).

For patients with non-AMI, there was no statisti-
cal difference between the PCI versus MT, CABG
versus MT, and CABG wversus PCI in all the fol-
low-up times subgroups (Figure 3). However,
when we compared CABG with DES-PCI, we
found that CABG can obtain long-term benefits
of cardiac death: more than 3years (OR: 0.80;
95% CI: 0.75-0.85, p<0.05) (Figure 2).

Major adverse cardiovascular events

A total of eight studies reported the results of
MACEs. The results showed that the revasculariza-
tion group (PCI and CABG) was associated with a
reduced risk of medium-term MACEs compared
with MT: PCI versus MT (OR: 0.10; 95% CI:
0.01-0.78, p<<0.05); CABG wersus MT (OR: 0.03;
95% CI: 0.00-0.70, p<0.05). Compared with
PCI, CABG had no difference in the risk of
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short- and medium-term MACEs, but was related
to reducing the risk of long-term MACE:s: less than
lmonth (OR: 0.61; 95% CI: 0.04-10.02,
$»=0.729); 1month—-1year (OR: 0.61; 95% CI:
0.23-1.60, p=1.01); 1-3years (OR: 0.32; 95% CI:
0.16-0.64, p<0.05); and more than 3years (OR:
0.52;95% CI: 0.39-0.69, p<<0.05) (Figure 4).

The result of MACEs in non-AMI was similar
(Figure 4). However, in the subgroup analysis of
CABG wversus DES-PCI, there was no significant
difference between CABG and DES-PCI in the
medium and long-term follow-up time: 1 month—
lyear (OR: 0.69; 95% CI: 0.25-1.92, p=0.472);
1-3years (OR: 0.23; 95% CI. 0.04-1.43,
p=0.115); and more than 3 years (OR: 0.84; 95%
CI: 0.61-1.15, p=0.27) (Figure 2).

Myocardial infarction

A total of 15 studies reported the results of MI
shown in Figure 5. There was no significant differ-
ence in the risk of MI between PCI and MT.
CABG was associated with a reduced risk of long-
term (1-3years) MI compared with MT (OR:
0.04; 95% CI: 0.00-0.96, p<<0.05). Compared
with PCI, CABG had no difference in short-term
results of MI, but was associated with a reduction
in the risk of MI in the medium and long-term
results: less than 1month (OR: 0.66; 95% CI:
0.21-2.07, p=0.473); 1 month—1year (OR: 0.29;
95% CI: 0.26-0.34, p<<0.05); 1-3years (OR: 0.38;
95% CI. 0.34-0.42, p<0.05); and more than
3years (OR: 0.55; 95% CI: 0.51-0.59, p<<0.05).

The result of MI in non-AMI patients was similar
to that in CAD patients when comparing PCI
with CABG. However, when compared to DES-
PCI in non-AMI patients, CABG was only asso-
ciated with a reduction in the risk of MI in
long-term results: more than 3years (OR: 0.47;
95% CI: 0.23-0.96, p<0.05) (Figure 2).

Repeat revascularization

Fifteen studies reported repeat revascularization
outcomes in the CABG wversus PCI control group
(Figure 6). The results showed that CABG was
associated with lower risk of repeat revasculariza-
tion compared with PCI : less than 1 month (OR:
0.24; 95% CI: 0.19-0.30, p<0.05); 1 month—
lyear (OR: 0.18; 95% CI: 0.10-0.33, p<<0.05);
1-3years (OR: 0.18; 95% CI. 0.11-0.29,

$»<0.05); and more than 3years (OR: 0.32;
95%CI: 0.24-0.44, p<0.05). The result of
CABG wersus DES-PCI was consistent with
CABG wversus PCI (Figure 2).

For the non-AMI patients, CABG was just asso-
ciated with lower risk of medium- and long-term
repeat revascularization compared with PCI: less
than 1month (OR: 0.38; 95% CI: 0.02-8.10,
$»=0.536); 1month—1year (OR: 0.16; 95% CI:
0.08-0.30, p<<0.05); 1-3years (OR: 0.26; 95%
CI: 0.11-0.59, p<<0.05); and more than 3years
(OR: 0.32; 95% CI: 0.20-0.51, p<0.05).

Sensitivity analysis, quality of studies and
publication bias

In sensitivity analysis, the conclusions from forest
plots for cardiac death, MACEs, MI, and repeat
revascularization, were in consistent with the pri-
mary analyses when each trial was individually
excluded. In terms of all-cause mortality, the sta-
tistical heterogeneity of PCI wversus MT and
CABG wversus MT measured by I? is 20.3-48.5%,
and 10.5-43.6%, indicating a low to moderate
heterogeneity (p=0.145; 0.086). CABG wversus
PCI considered the potential high degree of het-
erogeneity between studies ([2: 74.0-85.6%,
$»<0.05), and performed a subgroup analysis
based on follow-up time. When each study was
excluded individually, the conclusion of recalcu-
lating the set estimate was consistent with the
original analysis (Supplemental Figures 1-3).

The quality assessment of RCT and observa-
tional studies is shown in Supplemental Table
1. A preliminary assessment of the quality of the
two randomized studies was conducted. These
two studies were considered low-risk randomi-
zation because they specified the randomization
method applied; but they both reported no
blindness or unclear blindness. Both of these
studies fully reported data on each major out-
come indicator (including lost to follow-up and
dropped out). Therefore, follow-up deviations
are considered low-risk. In the observational
study, according to the NOS scale, 10 studies
scored 7 points, and the remaining 20 studies
scored 8 points.

We found evidence of publication bias based on
the funnel plot (Supplemental Figures 4, Figure
5) and the Begg test (z=2.05; p=0.045).
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Types of
CAD Subgroup time studies

Follow-up Number of

CAD
PClvs. MT 1m-1y
PClvs. MT  1y-3y
CABGvs. MT 1m-1y
CABGvs. MT 1y-3y
CABGyvs. PCls1m
CABGvs. PCIm-1y
CABG vs. PCIy-3y
CABGvs. PCP3y

~N O O s A N s

Non AMI
PClvs. MT 1m-1y i |
PClvs. MT  1y-3y 2
CABGvs. MT 1m-1y 1
CABGvs. MT 1y-3y 1
CABGvs. PCls1m 3
CABGvs. PClm-1y 3
CABG vs. PCly-3y 4
CABGyvs. PCl3y 4

.-°+TI+T

tt1e 1141

OR (95% Cl) P-value I|-squared

0.12(0.01, 1.300.081
0.46 (0.10, 2.170.327
0.08 (0.00, 1.710.106
0.04 (0.00, 0.96):0.05
0.66 (0.21, 2.070.473
0.29 (0.26, 0.34%0.05
0.38 (0.34, 0.42%0.05
0.55 (0.51, 0.59%0.05

0.12(0.01, 1.300.081
0.46 (0.10, 2.170.327
0.08 (0.00, 1.710.106
0.04 (0.00, 0.96)<0.05
0.61(0.15, 2.550.473
0.24 (0.05, 1.09%0.05
0.22(0.07, 0.76):0.05
0.42 (0.2, 0.80%0.05

62.30%

0%
0%
0%
0%

62.30%

0%
0%
0%
2%

T
-25

Favours the former

T
5

Favours the latter

=
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Figure 4. Comparison of different treatments for advanced kidney disease patients with CAD: MACEs.
CAD, coronary artery disease; MACEs, major adverse cardiovascular events.

Types of Follow-up Number of

CAD Subgroup time studies

CAD
CABG vs. PCI=30d 2
CABG vs. PCl1m-1y 4
CABG vs. PCI1y-3y 12
CABG vs. PCI=3y 7
Non AMI

CABG vs. PCI=30d 1
CABG vs. PCI1m-1y 2
CABGvs.PCI1y-3y 5

CABG vs. PCI=3y 5

OR(95%Cl) P-value I-squared

0.24 (0.19, 0.30)<0.05
0.18 (0.10, 0.33)<0.05
0.18 (0.11, 0.29)<0.05

0.32(0.24, 0.44)<0.05

0.38 (0.02, 8.10)0.536
0.16 (0.08, 0.30)<0.05
0.26 (0.11, 0.59)<0.05

0.32(0.20, 0.51)<0.05

0.00%

57.80%

75.50%

63.30%

0.00%

75.60%

58.30%

Figure 5. Comparison of different treatments for advanced kidney disease patients with CAD: MI.

T
-25

Favours the former

CAD, coronary artery disease; MI, myocardial infarction.

T
1 5

Favours the latter
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Follow-up Number of

Subgroups time studies OR(95%Cl) P-value I-squared
All-cause death

<1m 4 — 3.17 (2.75,365) <0.05 0%

1m-1y 4 > 1.05(0.98,1.13) 0.133 0%

1y-3y 7 -7 0.85 (0.67,1.06) 0.153  20.10%

>3y 5 . 0.82(0.77,0.88) <0.05 0%
Cardiac death

<im 2 -*- 0.76 (0.11,5.07) 0.779  0.00%

1m-1y 2 [ e — 1.48 (0.66,3.30) 0.337  8.90%

1y-3y 4 —— 0.71 (0.31, 1.62) 0.42 25.00%

>3y 4 L] 0.80 (0.75, 0.85) <0.05 0.00%
MACE

1m-1y 1 —— 0.69 (0.25,192) 0472 %

1y-3y 2 s g 0.23(0.04,143) 0.115  72.20%

>3y - 0.84 (0.61,1.15) 0.27 0.00%
]}

<im 2 — 0.49 (0.08,2.96) 0.44 0.00%

1m-1y 2 B s ol 0.21 (0.04,1.16) 0.074  0.00%

1y-3y 3 b g | 0.27 (0.07, 1.05) 0.06 0.00%

>3y 4 —— 0.47 (0.23,0.96) <0.05 13.90%
Repeat revascularization

1m-1y 2 * 0.16 (0.08, 0.31) <0.05 0.00%

1y-3y 5 . 0.20 (0.19,022) <0.05 0.00%

>3y 5 > 0.28 (0.17,046) <0.05 83.60%

I I
-25 1 5
Favours CABG Favours PCI

Figure 6. Comparison of different treatments for advanced kidney disease patients with CAD: repeat

revascularization.
CAD, coronary artery disease.

Discussion

A total of 32 studies involving 84,498 patients
were selected for this study. This study showed
that PCI reduced the risk of short-, medium- and
long- term (more than 3years) all-cause death
compared with MT. CABG showed no signifi-
cant difference in all-cause death compared with
MT. Compared with PCI, CABG had higher risk
of short-term mortality and lower long-term
mortality.

Patients with advanced kidney disease and CAD
are a large population,*? and they are all facing the
question of whether to accept revascularization,
which is inconclusive. So this issue is very urgent
and difficult.43

Previous META analyses also studied similar con-
tent, but there were several limitations:*+4¢ First,

the targeted patient was patients with chronic kid-
ney disease (eGFR<60ml/min/1.73m?), which
included patients with mild to moderate renal fail-
ure. And the guidelines recommend mild to mod-
erate renal failure patients with CAD undergo
revascularization (PCI or CABG). Secondly, only
one of the control groups (PCI versus MT; CABG
versus PCI) was studied. Finally, most research
follow-up time was divided into two groups: short-
term (less than 1month) and long-term (more
than 1year).

Our research has been improved: Firstly, we are
targeting patients with advanced kidney disease
(eGFR <30ml/min/1.73m?2), which was usually
ignored in research and guidelines. Secondly, we
have a more comprehensive comparison, includ-
ing pairwise comparisons of three treatment
options. Finally, we subdivided the follow-up
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time, especially we added a long-term follow-up
time of more than 3 years.

PCl versus MT

Our study found that PCI had low short-term,
medium-term, and long-term (more than 3 years)
all-cause mortality, and low risk of medium-term
MACEs compared with MT.

Some studies reached the same result as us. A
study included 151 diabetes patients with chronic
renal failure and asymptomatic coronary stenosis
found that PCI can reduce the incidence of car-
diac events and mortality.® The APPROACH
study including 662 dialysis patients, showed that
PCI had low risk of death compared with con-
servative treatment.!8 A 5-year follow-up study of
259 dialysis patients with ischemic heart disease
found that the 5-year all-cause survival rate in the
MT group was 19.3%, and that in the PCI group
was 48.4% (p<<0.0001).2! It was recommended
that dialysis patients with CAD should undergo
PCI. This maybe because PCI can treat myocar-
dial ischemia and improve heart function. And
with the extension of follow-up time, this differ-
ence is gradually significant.

When we distinguished CAD type, we found dif-
ferent results. For patients with AMI, PCI cannot
improve short- and medium-term all-cause mor-
tality compared with MT. This result is consist-
ent with Chan ez al.,*” Medi et al.,2° and Szummer
et al.:13 for patients with advanced kidney disease
accompanied by non-ST segment elevated MI
(NSTEMI) and ST segment elevated MI
(STEMI), PCI does not reduce the risk of death
and AMI. For non-AMI patients, it can reduce
the risk of medium-term MACEs and death
greater than 3years. Interestingly, we speculate
that CAD can benefit from PCI is driven by non-
AMI. However, for non-AMI, PCI did not reduce
the risk of death in 1 month—3 years, which is con-
sistent with the result of Bangalore ez al.10

At present, we are not fully aware of the mecha-
nism that causes the difference between AMI/
non-AMI on PCI versus MT. But for non-AMI
patients, PCI is still recommended, which can
bring long-term benefits.

Moreover, when patients with MVD were taken
into consideration, PCI was associated with a

reduction in long-term mortality compared with
conservative treatment. However, there are few
studies on MVD patients with end-stage renal
disease. More studies, especially RCT, are
needed to confirm whether PCI or MT is better
for these patients.

We regret that we have not been able to compare
BMS and DES separately, which may be a very
important influencing factor. In addition, the
improvement of guideline-based MT over the last
decades (e.g., DAPT) also may cause deviations.

CABG versus MT

Few studies compared CABG and drug therapy.
Some found that CABG can reduce the risk of
death and improve the quality of life compared
with conservative treatment in dialysis patients.18:3!
We found that in patients with CAD, CABG did
not reduce all-cause mortality and end-stage renal
disease, but it did reduce the risk of medium-term
MACE:s and 1-3years MI. It is assumed that the
reduced MACEs maybe driven by the reduced MI
rate. The result for non-AMI patients and CAD
patients is consistent with each other. However,
when AMI patients are considered, CABG is
associated with the reduced medium-term mortal-
ity in dialysis compared with drug alone. This
result is in consistency with Charytan ez al.* and
Chertow et al.1® The Chertow er al.!® study showed
that for AMI patients with end-stage renal disease,
the 1-year survival rates of drugs alone group and
CABG group were 45% and 69%, respectively.
Unfortunately, only 5% of these patients received
CABG treatment, and 88% of them received con-
servative treatment.!® Therefore, for patients with
CAD, or AMI, the existence of kidney disease or
dependence on dialysis should not become an
obstacle to revascularization therapy, especially
CABG.

CABG versus PCI

Our study found that among patients with CAD,
compared with PCI, CABG was associated with
high risk of short-term death, and low risk of long-
term death. CABG can also reduce the risk of long-
term cardiac death, MACEs, MI and repeat
revascularization. In addition, previous retrospec-
tive studies have reached similar conclusions,!416
which revealed that dialysis patients have better
long-term survival rates after CABG than after PCI.

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 12

For non-AMI patients, compared with PCI, CABG
was also associated with high risk of short-term
death, and low risk of long-term death, long-term
MACESs, medium- and long-term MI, and medium-
and long-term repeat revascularization. The risk of
cardiac death was not affected by CABG or PCI.
When we performed a subgroup analysis of DES-
PCI, we found the similar result except for cardiac
death and MACE. Compared with DES-PCI,
CABG reduced both long-term (more than 3years)
all-cause death and cardiac death. It suggested that
the reduction of cardiac death by CABG lead to the
reduction of all-cause death on the long-term. With
respect to MACE, the benefit of CABG disappeared
compared with DES-PCI. It could be explanted by
the fact that the advance of stents reducing MACEs.

For patients with AMI, CABG did not reduce the
short- and medium-term all-cause mortality com-
pared with PCI. This is different from previous
research results. Previous studies showed that, for
patient with AMI, CABG was superior to PCI.
Chang et al.'” studied the 5-year survival rate of
21,981 patients undergoing dialysis and demon-
strated that, from 1994 to 1995, 640 patients with
ESRD and AMI were studied and found that
CABG may be the best treatment for AMI in
ESRD.!° The reason why CABG cannot reduce the
risk of short-term death could be explained by the
fact that patients with single-vessel and double-ves-
sel disease are more likely to use PCI treatment,
while patients with higher-risk left main and three-
vessel disease are treated with CABG.48 As to the
better long-term survival rates for CABG compared
with PCI, the following reasons may contribute to
this result. Firstly, CABG surgery can provide com-
plete revascularization, while PCI often cannot,!8
which is why CABG reduce the risk of long-term
death. And secondly, CKD patients undergoing
PCI increased risk of kidney injury, recurrent myo-
cardial infarction, and revascularization,*® which
leads to poor long-term prognosis for PCI patients.

Limitations

First of all, different studies included different
drug treatment; PCI includes both PTCA and
BMS and DES. Therefore, we separated BMS
and DES into subgroups. But many studies can-
not clearly distinguish the types of stents used.
We only have eight studies on DES-PCI, all com-
paring DES-PCI with CABG, without compari-
son between DES-PCI and MT. This may cause

the deviations in the results of PCI wversus MT.
Secondly, the characteristics of different treat-
ment groups were different. In CABG group, the
types of lesions were more multi vessel and left
main trunk lesions. Thirdly, only two RCT stud-
ies were included, and more than 60% of them
were retrospective studies. This may be the main
source of heterogeneity. But it also shows the
necessity of our research. We need stronger evi-
dence to guide clinical practice. Finally, advanced
kidney disease includes CKD stage 4 and stage 5
(dialysis patients). The physiological and clinical
characteristics of the two groups were different.
Nevertheless, the ISCHEMIA-CKD trial showed
that the clinical results of the two groups were
similar. As a result, we grouped them according
to ISCHEMIA-CKD trial.10 In addition, there is
no subdivision of chronic coronary syndrome and
acute coronary syndrome. Moreover, the lack of
clinical endpoints for acute kidney injury is of
great significance for patients with advanced kid-
ney disease. Finally, there is publication bias in
this study.

Conclusion

In patients with advanced kidney disease and coro-
nary artery disease, PCI reduced the risk of short-,
medium- and long- term (more than 3years) all-
cause death compared with MT. CABG showed
no significant difference in all-cause death com-
pared with MT/compared with PCI, CABG was
associated with a higher risk of short-term death
and a lower risk of long-term death and adverse
events, which were also observed in non-AMI
patients. These correlations should be tested in
future randomized trials.
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