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Abstract

Background: Coronary artery bypass grafting (CABG) provides
superior long-term outcomes to percutaneous coronary intervention
(PCI) for complex multivessel coronary artery disease (CAD). Peo-
ple with chronic kidney disease (CKD) have increased prevalence of
multivessel CAD, but also increased surgical risk. We investigated
whether CKD predicted real-world use of CABG, versus PCI, in pa-
tients revascularized for acute coronary syndrome (ACS).

Methods: Embase, MEDLINE, Scopus and CENTRAL were
searched to identify articles referring to ACS and invasive coronary
intervention in high-income countries (2012 - 2023). Articles were in-
cluded if CABG rates were reported in ACS patients with and without
CKD receiving revascularization. CKD was defined as an estimated
glomerular filtration rate < 60 mL/min/1.73 m?; proxy definitions
were accepted. Random effect meta-analyses were used to determine
the average effect of CKD on odds of CABG, stratified by ACS type
and dialysis use.

Results: Searches generated 15,138 articles, of which 13 observa-
tional studies were included (n = 1,682,207). Amongst revascularized
ACS patients, those with CKD were more likely to receive CABG
than those without (pooled odds ratio (OR) = 1.50 (95% confidence
interval (CI) = 1.30 - 1.72). This association was stronger following
ST-elevation myocardial infarction (STEMI) than non-ST-elevation
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ACS (NSTE-ACS) (OR: 1.54 (95% CI: 1.23 - 1.93)) versus 1.16
(1.10 - 1.23), respectively).

Conclusions: In high-income countries, revascularized ACS patients
with CKD receive CABG (versus PCI) more frequently than those
without kidney disease. However, accounting for lower use of coro-
nary angiography in the CKD population removed this association
following NSTE-ACS. Greater use of invasive angiography in those
with NSTE-ACS and CKD might therefore increase access to revas-
cularization, and thereby improve outcomes.
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Introduction

Acute coronary syndrome (ACS) is a major cause of mortality
and morbidity amongst patients with chronic kidney disease
(CKD). The incidence of ACS in CKD patients is four-times
higher compared to the general population [1], due to cumula-
tive detrimental effects of traditional cardiovascular risk fac-
tors and the pro-inflammatory and uremic milieu of kidney
disease [2]. ACS and other cardiovascular diseases are the
most common causes of death in patients with CKD [3]. Elder-
ly individuals with CKD are more likely to die from cardiovas-
cular disease than to progress to end-stage kidney disease [4].

CKD patients experience worse outcomes after ACS than
those without kidney disease [5-7]. Mortality risk increases with
CKD severity [8]. CKD is associated with prolonged hospital
admission, lower likelihood of return to work and increased risk
of recurrent ACS events [9]. Our understanding of the patho-
physiology and optimal management strategies for ACS in CKD
patients is however limited, as those with moderate to severe
CKD (stages 3 - 5) have been systematically excluded from
most randomized controlled trials in this area [10].

CKD influences clinical decision-making regarding ACS
patients. In high-income countries, people with CKD are sig-
nificantly less likely to receive invasive coronary angiography
(ICA) or revascularization following an ACS event, than those
without kidney disease [5-7, 11-14]. The extent of these dif-
ferences is not in keeping with current guidelines on ACS care
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[15], which reflects the growing body of observational evi-
dence demonstrating a mortality benefit associated with inva-
sive management, which appears to be independent of existing
kidney disease [5, 16-18].

Coronary artery revascularization improves survival and
quality of life after ACS [16]. Revascularization improves
blood supply to ischemic myocardium leading to relief of an-
gina, reduced risk of recurrent ACS, and cardiovascular death.
Coronary artery bypass grafting (CABG) and percutaneous
coronary intervention (PCI) offer different advantages and dis-
advantages. Compared with PCI, CABG is associated with in-
creased risk of stroke, acute kidney injury (AKI) and mortality
during hospitalization, but with lower rates of recurrent ACS,
further revascularization procedures, and death in the longer-
term. CKD increases the procedural mortality risk of both PCI
and CABG, particularly regarding the former [7, 16, 19].

The SYNTAX scores have been developed to 1) quantify
the complexity of coronary artery disease (CAD); and 2) es-
timate relative mortality differences associated with CABG
versus PCI for individual patients [20]. SYNTAX II consid-
ers coronary anatomy, patient demographics and comorbidities
including kidney function. Reduced kidney function increases
the predicted benefit from CABG over PCI [20]. Yet, clini-
cians may be reluctant to refer for, and/or undertake coronary
surgery in people with CKD due to a perceived limited prog-
nosis, greater postoperative risks of AKI, wound infection,
and mortality versus those without kidney disease [21, 22].
Furthermore, patients with CKD may prefer to avoid cardiac
surgery. It is unknown therefore, how SYNTAX scoring trans-
lates into clinical practice for this specific population. To our
knowledge, choice of type of revascularization strategy has not
previously been systematically compared between the CKD
and non-CKD ACS populations.

Our research question, framed within the “Population, Ex-
posure, Comparison and Outcomes (PECO)” framework was
as follows: Amongst patients who receive revascularization
during their index admission for ACS, does CKD influence the
type of revascularization received?

Materials and Methods

On the April 21, 2022 (updated on the September 29, 2023),
Embase, MEDLINE, Scopus, CENTRAL and the NIHR’s
website of funded studies were searched to identify studies
with medical subject headings terms and text words for ACS
and invasive coronary management (ICA with or without
revascularization) over the past 10 years. The search strategy
was developed with assistance from University of Bristol li-
brarians (Supplementary Material 1, cr.elmerpub.com). Stud-
ies conducted in low or middle-income countries (LMICs)
were excluded as ACS management is likely to be influenced
by available resources and healthcare funding.

Study titles and abstracts were screened against pre-
determined eligibility criteria (Supplementary Material 2, cr.
elmerpub.com) by one of four authors (JS, ML, WHA, HMC)
using Rayyan software. Observational and qualitative studies,
systematic reviews, and meta-analyses of 10 or more adult

humans (> 17 years), published on or after January 1, 2012,
were eligible for inclusion if the abstract was written in Eng-
lish. The abstract or title was required to indicate that ICA or
revascularization in people with ACS (non-ST-elevation my-
ocardial infarction (NSTEMI), unstable angina (UA) or ST-
elevation myocardial infarction (STEMI)) was reported. The
same four authors assessed the eligibility of the full papers
according to pre-specified criteria (Supplementary Material
3, cr.elmerpub.com). The reference lists of systematic re-
views and meta-analyses were hand-searched. To be eligible,
articles were required to report crude numbers and/or effect
estimates for the receipt of CABG by people with and with-
out CKD, who had received some form of revascularization
following ACS. We defined CKD as an estimated glomerular
filtration rate (eGFR) of < 60 mL/min/1.73 m? within 48 h of
ACS. However, we accepted as a proxy for this any defini-
tion of CKD other than where the authors concluded CKD
reflected acute kidney injury. Data extraction was undertaken
by two authors independently. Corresponding authors for 10
studies were emailed to request clarification on definitions or
supply additional data/analyses. Replies were received from
four study groups.

Two authors (JS and ML) assessed the risk of bias using
the Risk of Bias in Non-Randomized Studies of Exposures
(ROBINS-E) tool (Supplementary Material 4, cr.elmerpub.
com) [23]. The assessments relate to the outcomes examined in
this systematic review, and do not reflect the bias of the studies
regarding their own specified outcomes. JS and ML used the
GRADE approach to independently rate certainty of evidence
for each outcome [24, 25] (Supplementary Material 5, cr.elm-
erpub.com). Differences in opinion were resolved by discus-
sion. As an observational study design was deemed the most
appropriate for this review question, all ratings were started as
‘high certainty’. Certainty of the precision and magnitude of
effect estimate were judged according to the Cochrane guid-
ance and after seeking consensus amongst study authors (Sup-
plementary Materials 6, 7, cr.elmerpub.com) [26].

Statistical analysis was conducted in Stata/MP 17.0. Due
to the anticipated heterogeneity between studies, we used ran-
dom-effects models employing the restricted maximum likeli-
hood (REML) method to pool effect estimates [27]. Receipt
of CABG was reported as odds ratios (ORs) in most studies.
Where only a hazard ratio (HR) was available, this was ana-
lyzed as an OR [28]. Unadjusted and covariate-adjusted effect
estimates were extracted where available. Where unadjusted
effect estimates were not available, raw data from the paper
were used to calculate crude ORs.

We pre-specified sub-group analyses to determine the
impact of ACS type and severity of CKD on effect estimates.
Studies could contribute data to both non-ST-elevation ACS
(NSTE-ACS) and STEMI subgroups if distinct effect esti-
mates were reported or could be calculated. The proportion of
the population with CKD was not calculated in studies that
matched CKD cases to controls without CKD [29].

We examined the robustness of our findings by perform-
ing sensitivity analyses, in which we excluded studies 1) at se-
rious or critical risk of bias; 2) of small study size (n < 3,000);
3) that examined outcomes in dialysis users versus non-users;
4) where the follow-up period was longer than the duration of
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the index ACS admission; and 5) any study including UA from
the NSTE-ACS subgroup analysis.

We used random-effects meta-regression to attempt to ex-
plore potential statistical heterogeneity due to differences in
population characteristics (mean age (Supplementary Mate-
rial 8, cr.elmerpub.com), ACS type, percentage of sample with
CKD, percentage of total cohort receiving CABG, prevalence
of diabetes within total cohort, date of reported data, small
study size, sex, and country of origin) and methodology (risk
of bias).

Funnel plots were drawn to qualitatively explore sym-
metry of effect estimates. We did not use quantitative tests of
funnel plot asymmetry due to low number of studies and sig-
nificant statistical heterogeneity.

The Institutional Review Board approval was not required
for this review of published data, and ethical compliance is not
applicable.

Registration and protocol

The protocol for this review combined with related work in-
vestigating receipt of ICA and revascularization (any) is avail-
able here (Supplementary Material 9, cr.elmerpub.com). The
following changes have been made since the protocol was first
written: 1) the timeframe for data collection has been updated
to include the period May 2022 - October 2023; 2) the ROB-
INS-E rather than the ROBINS-I tool was used for assessment
of the risk of bias in included studies as it was later deemed
more appropriate; 3) no subgroup analyses pre and during the
coronavirus disease 2019 (COVID-19) pandemic were per-
formed due to lack of data specific to the COVID era; 4) the
GRADEpro GDT software was not utilized unnecessarily; 5)
Egger’s test was not used to quantify funnel plot asymmetry
because of the significant amount of between study heteroge-
neity identified [30].

This report was written in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 guidance (Supplementary Material 10, cr.
elmerpub.com).

Results

Overview

Initial searches generated 15,138 articles, of which 13 obser-
vational studies fulfilled predefined criteria and were included
in the systematic review (Fig. 1). One study was prospective
[29], while the remainder were retrospective. The selected
studies included a total of 1,682,207 participants (sample size
range: 438 to 478,919, mean age range 61 to 79 years), from
four geographical areas (North America: n = 7, Europe and
the UK: n =4, Australasia: n = 1, East Asia: n = 1). Outcomes
were reported for people with NSTE-ACS (with or without in-
clusion of UA), STEMI or any ACS. CKD was defined in five
different ways (Supplementary Material 11, cr.elmerpub.com).
Of note, two studies excluded any patient receiving more than

one form of revascularization during the index admission [13,
31]; the remainder of studies did not mention how they man-
aged these individuals. Characteristics of the included studies
are summarized in Table 1 [2, 4-7, 13, 19, 28, 29, 32-38].

Main analyses

CKD was associated with higher odds of receipt of CABG
(versus PCI) following ACS (OR: 1.50 (95% CI: 1.30 - 1.72))
(Fig. 2). There was marked heterogeneity between the effect
estimates (I = 98.3%, P < 0.001). The risk of bias was esti-
mated as low (n = 3), some concerns (n = 6), high risk (n = 3)
and very high (n=1).

Greater use of CABG vs. PCI was seen in patients with
CKD versus those without CKD, independent of either ACS
type or use of dialysis. The strength of the association between
CKD and CABG treatment was influenced by ACS type; a
stronger association was seen in those with STEMI (OR: 1.54
(95% CI: 1.23 - 1.93) than those with NSTE-ACS (1.16 (1.10 -
1.23), interaction P value = 0.016) (Fig. 3). In contrast, receipt
of preoperative dialysis did not meaningfully influence the
strength of the association (OR: 1.25 (95% CI: 1.12 - 1.40 in
dialysis users and 1.44 (1.20 - 1.71) in those not using dialysis,
interaction P value = 0.206) (Supplementary Material 12, cr.
elmerpub.com). Only one study reported receipt of CABG by
eGFR category [16]. In this NSTE-ACS population, compared
to people without CKD, increased odds of receipt of CABG
(versus PCI) were observed in people with an eGFR of 30 - 45
and 45 - 60 mL/min/1.73 m? (OR: 1.43 (95% CI: 1.13 - 1.82)
and 1.33 (1.11 - 1.60), respectively), but not amongst those
with an eGFR < 30 (including those receiving dialysis) (OR:
1.05 (95% CI: 0.68 - 1.61)).

Summary of studies with adjusted effect estimates

Covariable-adjusted effect estimates for the receipt of CABG
(versus PCI) in CKD patients compared to those without
CKD were available in three studies [19, 29, 32]. In two (rat-
ed as “high” and “very high” risk of bias) studies, adjustment
for confounders of the association between CKD and receipt
of CABG made no meaningful difference to effect estimates.
In contrast, Smilowitz et al [19] found adjustment for base-
line demographics, cardiovascular risk factors and features at
ACS presentation to weaken the association between CKD
and receipt of CABG (OR for STEMI: 1.21 (95% CI: 1.14
- 1.28) from 1.69 (1.60 - 1.77), and NSTE-ACS OR: 1.02
(95% CI: 0.99 - 1.06) from 1.22 (1.19 - 1.26)). There were
“some concerns” regarding risk of bias for this study. Meta-
analysis of these results was not performed due to low study
number.

Sensitivity analyses

In sensitivity analyses, no meaningful changes to the results of
the main analyses were found when we excluded studies with
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Literature search

Databases: Medline, Embase, Central, Scopus,
MNIHR's website of funded studies

Limits: Human studies only, 2012 onwards

15,138 records identified * Duplicates (n=4,033 )
EMBASE (n=1,184)

MEDLINE (n=7,511)

CEMNTRAL (n=28)

SCOPUS (n=6415)
NIHR (n=0)

11,105 records screened on basis of title and abstract '—" 10,509 excluded

— 17 full texts not found

579 full-text articles assessed for eligibility — 566 excluded

Reasens for exclusion:

Wong study type (n = 14)
Wrong population(s) (n = 203)
LMIC (n= 46)

Direct data extraction not
possible (n=288)

Uninterpretable (n=1}

v

Wrong intervention type (n=14)
13 articles included in the evidence synthesis

Crude effect estimates extractable Adjusted effect estimates extractable
from 13 articles from 3 articles

Figure 1. Flowchart of study selection.

high or very high risk of bias or those whose defined CKD tion of the index ACS hospitalization [28] (OR: 1.29 (95% CI:

as the receipt of dialysis (Supplementary Materials 13, 14, cr. 1.28 - 1.31) for both), and when a fixed effects model was
elmerpub.com). Small attenuations in the average exposure ef- used (OR: 1.29 (1.28 - 1.31)) (Supplementary Materials 15-
fects were seen following both exclusion of small studies [29] 17, cr.elmerpub.com). Exclusion of studies including people
and of studies with a follow-up period longer than the dura- with UA made no meaningful impact on the effect estimate
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Receipt of CABG by people revascularised after ACS
with versus without CKD

Odds ratio

First author (Year) No. pts (95% Cl)

Alushi (2021) 438 > 1.36 (0.75, 2.46)
Kawsara (2021) 69281 :E 1.45 (1.04, 2.03)
Murray (2018) 236284 @ : 1.18 (1.14, 2.21)
Sanchis (2021) 4339 €o— E 0.85 (0.70, 1.03)
Sakhuja (2016) 141838 s 1.67 (1.43, 1.95)
Kotwal (2017) 12662 : —>» 293(2.51,342)
Blicher (2013) 34722 —l:-o— 1.56 (1.34, 1.81)
Shaw (2014) 9732 —_— 1.32 (1.15, 1.54)
Khan (2020) 149983 E — 1.78 (1.55, 2.03)
Panchal (2018) 87883 | —— 1.67 (1.55, 1.81)
Lin (2022) 67534 . 1.62 (1.55, 1.72)
Smilowitz (2017) 388592 :b 1.53 (1.49, 1.57)
Bagai (2018) 478919 : 1.12 (1.10, 1.14)
Overall, DL 1682207 <> 1.50 (1.30, 1.72)
(I = 98.3%, p < 0.000)

I | |
75 1 2 3
Less CABG in CKD More CABG in CKD
Odds ratio

NOTE: Weights are from random-effects model

Figure 2. Forest plot summarizing effect estimates for the receipt of CABG by people revascularized after ACS with versus with-
out CKD. In real-world practice, people with CKD are more likely to receive CABG (versus PCI) if revascularized following ACS,
than those without kidney disease. ACS: acute coronary syndrome; CKD: chronic kidney disease; CABG: coronary artery bypass

graft; OR: odds ratio; Cl: confidence interval.

for receipt of CABG following NSTE-ACS (Supplementary
Material 18, cr.elmerpub.com).

Exploration of heterogeneity

The ability of pre-defined characteristics of the study popula-
tions or methodology to explain the observed inter-study het-
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erogeneity was explored. In univariable random effects meta-
regression, STEMI versus NSTE-ACS, lower population mean
age group, low percentage of the population identified as having
CKD and geographical area (Australasian study population),
were all associated with increase receipt of CABG versus PCI
by people with CKD. An example bubble plot demonstrating the
association between percentage population with CKD and effect
estimate is provided (Supplementary Material 19, cr.elmerpub.
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Receipt of CABG amongst people revascularised after ACS
with versus without CKD, by ACS type

ACS type and First Odds ratio
author (Year) No. pts (95% Cl)
NSTE-ACS
Alushi (2021) 438 : ¢ > 1.36 (0.75, 2.46)
Sanchis (2021) 4339 €—¢—1 ! 0.85 (0.70, 1.03)
Shaw (2014) 9732 —_— 1.32 (1.15, 1.54)
Murray (2018) 236284 - 1.18 (1.14, 1.21)
Smilowitz (2017) 206578 | - 1.22 (1.19, 1.26)
Bagai (2018) 307265 ., 1.12 (1.10, 1.14)
Subgroup, DL 764636 <> 1.16 (1.10, 1.23)
(¥ = 98.0%, p < 0.000)
STEMI
Kawsara (2021) 69281 \an > 145 (1.04,2.03)
Sakhuja (2016) 141838 —l———  1.67(1.43,1.95)
Khan (2020) 149983 :—0—) 1.78 (1.55, 2.03)
Panchal (2018) 87883 —— 1.67 (1.55, 1.81)
Smilowitz (2017) 182014 | —.— 1.69 (1.60, 1.77)
Bagai (2018) 308160 o= . 1.10 (1.06, 1.14)
Subgroup, DL 939159 - ——= 154(1.23,1.93)
(I = 98.0%, p < 0.000)
Heterogeneity between groups: p = 0.016
| | | | |
75 1 125 15 175 2
Less CABG in CKD More CABG in CKD
Odds ratio

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3. Forest plot summarizing effect estimates for the receipt of CABG, versus PCI, amongst people revascularized
after ACS with versus without CKD, by ACS type. Amongst those revascularized for ACS, people with CKD are more likely
to receive CABG (versus PCI) than those without kidney disease, independent of ACS type. However, this association is
stronger following STEMI, than NSTE-ACS. ACS: acute coronary syndrome; CABG: coronary artery bypass graft; CKD:
chronic kidney disease; NSTE-ACS: non-ST-elevation acute coronary syndrome; OR: odds ratio; STEMI; ST-elevation myo-

cardial infarction.

com). In multivariable regression, lower percentage population
identified as having CKD, Australasia as a geographical region,
and lower mean population age group, were predictive of an
increased effect size, together accounting for 81.9% of the het-
erogeneity between study results. Although the impact of geo-
graphical region was driven by a single study, there was no clini-
cal or methodological reason to suggest that we should remove
this effect estimate.
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Funnel plots

The funnel plot was symmetrical, suggesting that serious publi-
cation bias was unlikely. In this review, we have some unusually
large studies whose point estimates lie outside the expected plot
area, likely due to clinical and/or methodological heterogeneity
[30] (Supplementary Material 20, cr.elmerpub.com).
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Table 2. Summary of Findings

Findin No. of No. of par- Average exposure ef- Certainty of
g studies ticipants fect (OR (95% CI)) evidence

CKD is associated with increased odds of receipt of CABG 13 1,682,207 1.50 (1.30 - 1.72) Moderate

vs. PCI amongst people revascularized following ACS.

CKD is associated with increased odds of receipt of CABG vs. 6 764,636 1.16 (1.10 - 1.23) Moderate

PCI amongst people revascularized following NSTE-ACS.

CKD is associated with increased odds of receipt of CABG 6 939,159 1.54 (1.23-1.93) Moderate

vs. PCI amongst people revascularized following STEMI.

CKD is associated with increased odds of receipt of CABG vs. 5 1,020,773 1.44 (1.20 - 1.71) Low

PCI amongst people revascularized following ACS in people

who do not receive dialysis.

CKD is associated with increased odds of receipt of CABG vs. 5 838,935 1.25(1.12 - 1.40) Moderate

PCI amongst people revascularized following ACS in people
who receive dialysis.

ACS: acute coronary syndrome; CABG: coronary artery bypass graft; CKD: chronic kidney disease; NSTE-ACS: non-ST-elevation acute coronary
syndrome; OR: odds ratio; Cl: confidence interval; PCI: percutaneous coronary intervention; STEMI: ST-elevation myocardial infarction.

Summary of findings

A summary of outcomes and the certainty of these conclusions
is presented in Table 2.

Discussion

In this systematic review spanning the last 12 years, we found
that amongst patients revascularized following ACS, CKD was
associated with a relative increase in CABG treatment versus
PCI. Compared to those without kidney disease, patients with
CKD were almost 1.5 times as likely to receive CABG (OR:
1.47 (95% CI: 1.30 - 1.66)). Taken in isolation, these findings
might be misleading, as it is known that patients with CKD
are less likely to receive ICA or to be revascularized (CABG
or PCI) compared to those without kidney disease [5-7, 19].
However, the findings of this review reflect the management
of only those individuals who have been selected to receive
revascularization. In contrast, when the entire pathway of in-
vasive management is considered, the absolute rates of CABG
were similar between those with or without CKD (Fig. 4).

Greater use of CABG (versus PCI) amongst those with
CKD is unsurprising, given the higher prevalence of complex
multivessel CAD in this population, compared to those without
kidney disease [39, 40]. When compared to multivessel PCI,
CABG treatment is associated with reduced rates of recurrent
ACS, need for further revascularization and improved long-
term survival, independent of CKD status [41-45]. Further-
more, although CKD is associated with reduced survival fol-
lowing any type of revascularization treatment, it has a greater
impact on postprocedural mortality in those treated with PCI
than those treated with CABG. Hence, current ACS guidelines
recommend CABG in favor of PCI for complex multivessel
CAD in people with CKD and with an “acceptable” surgical
risk profile, other than those for whom expected prognosis is
less than 1 year [46].
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The association between CKD and CABG treatment versus
PCI amongst the revascularized ACS population was stronger
following STEMI than following NSTE-ACS. Furthermore,
in STEMI patients this association persisted after taking into
consideration reduced receipt of both ICA and any type of
revascularization in the CKD population (Fig. 3). This was less
obvious in NSTE-ACS cases. These differences are likely to
reflect variation in the underlying wider risk profile of patients
and in management pathways. STEMI results from acute coro-
nary obstruction. In these cases, immediate invasive angiogra-
phy followed by primary PCI reduces mortality, independent
of patient demographics or comorbidity. Treatment pathways
have therefore been established whereby ST-elevation triggers
almost de-facto acceptance onto an immediate invasive man-
agement pathway. Kidney function is often not known prior to
intervention being received. Therefore, although people with
CKD are less likely to receive invasive management for STE-
MI than those without kidney disease, the absolute numbers of
conservatively treated individuals are low. Once accepted onto
an “active treatment pathway”, cognitive biases may drive cli-
nicians to pursue further revascularization including CABG.

In contrast to the STEMI pathway, angiography in NSTE-
ACS is frequently a standalone investigation used to deline-
ate coronary anatomy in the subset of individuals perceived
suitable for later revascularization. In contrast to the “treat-
ment de facto” STEMI pathway, deliberate decision-making
is required to determine which individuals with NSTE-ACS
should receive: 1) ICA; and 2) revascularization. The patient’s
demographics and comorbidities, including kidney function,
are central to this decision-making process.

After NSTE-ACS, reduced use of revascularization in the
CKD, versus non-CKD population, is primarily the result of
reduced use of ICA. However, less ICA cannot alone explain
why the relative receipt of CABG versus PCI is so much lower
in the CKD population after NSTE-ACS, versus STEMI. It
appears possible therefore that either: 1) amongst people with
CKD, ICA is undertaken less frequently amongst those with
complex multivessel than those with single-vessel disease,
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Proportion of individuals with and without CKD receiving invasive investigation and/or
management after ACS.

STEMI

NSTE-ACS

100 admissions with ACS

No CKD 0.90
CkDo.78

No CKD 0.10
CKD 0.22

Invasive coronary

angiography % Medical management
glograpny Ne CKD 0.02 : 9
90 people without CKD CKD 0.09 12 people without CKD
78 with CKD 29 with CKD
No CKD 0.98

CKD0.91

Revascularisation
88 people without CKD
71 with CKD

Mo CKD 0.08 No CKD 0.24
CKD0.12 KD 0.88
CABG (+/- PCi) PCI
5 people without CKD 83 people without CKD People withcko M
9 with CKD 62 with CKD People without ckD Wl

100 admissions with ACS

No CKD 0.31
CKDO0.53

No CKD 0.69
CKD0.47

Invasive corenary

angiography Medical management

No CKD 0.33
69 people without CKD CKD 0,37 54 people without CKD
47 with CKD 70 with CKD
No CKD 0.67
CKD 0.63

Revascularisation
46 people without CKD
30 with CKD

No CKD 0.16 No CKD 0.84
CKD0.17 CKD 0.83
CABG PCl
7 peaple without CKD 39 people without CKD PeoplewithCkp W
5 with CKD 25 with CKD People without ckD Wl

Figure 4. Flowchart demonstrating the crude proportions of individuals receiving invasive management by ACS type and CKD
status. People with CKD are less likely to receive either invasive coronary angiography or revascularization (of any form) follow-
ing ACS, than those without kidney disease. In this figure, invasive coronary angiography and revascularization are portrayed as
distinct steps, however in clinical practice, angiography is typically associated with immediate revascularization in STEMI. ACS:
acute coronary syndrome; CABG: coronary artery bypass graft; CKD: chronic kidney disease; NSTE-ACS: non-ST-elevation
acute coronary syndrome; PCI: percutaneous coronary intervention; STEMI: ST-elevation myocardial infarction.

requiring clinicians to be able to predict multivessel disease
based on comorbidities or noninvasive imaging results; or 2)
people with CKD and evidence of complex multivessel dis-
ease on ICA, are more likely to be managed medically, or with
PCI (only) after NSTE-ACS than STEMI. Clinicians and/or
patients may choose to avoid surgery in those with perceived
“lower risk” ACS events.

Most of the heterogeneity between effect estimates in
this review was explained by differences in: 1) mean age; and
2) the proportion of individuals identified as having CKD.
Studies that examined younger populations and fewer peo-
ple with CKD demonstrated stronger associations between
CKD and receipt of CABG. Older people may be less like-
ly to receive CABG due to greater risks of AKI, infection,
bleeding, short-term mortality [47], and lower expectation of
long-term survival. As a result, CKD may have a lower rela-
tive influence on decision-making between revascularization
strategies in this population. The proportion of individuals

identified as having CKD was associated with CKD sever-
ity. For example, studies in which the CKD cohort comprised
less than 5% of the total population relied on codes for renal
dialysis to identify CKD. Greater effect size in studies with
smaller CKD cohorts may reflect either more extensive CAD
in these individuals, and/or absence of risk of precipitating
the need for dialysis.

Strengths and limitations

This review has many strengths. We performed a thorough
search of the literature from high-income countries from 2012
onwards and included more than 8 million patients. Cochrane
and PRISMA guidance were followed throughout. We under-
took multiple sensitivity analyses to determine how robust our
findings were, and extensively examined reasons for hetero-
geneity between effect estimates. However, we also recognize
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some limitations. Regarding methodology, despite our broad
search strategy, we may have missed relevant grey literature or
missed reports where the abstract was not available in English.
However, there is no indication of publication bias from quali-
tative inspection of our funnel plot. Secondly, due to the array
of CKD definitions it was not possible to fully assess the influ-
ence of this on heterogeneity between effect estimates. Third-
ly, it was unclear from most papers how the authors analyzed
people who had received both CABG and PCI. It is likely that
many people denoted as having received CABG, also received
previous PCI, especially following STEMI. Underestimation
of CABG rates is unlikely however, as the cost associated with
cardiac surgery will drive recording. Fourth, we were unable
to investigate whether differences in sex, ethnicity, granular
CKD stage or diabetes mellitus influenced effect estimates due
to lack of detail in the included studies. Furthermore, most var-
iables were only available at a population level, and mortality
was not described, as data were not collected for this purpose.
Lastly, GRADE ratings of the certainty of evidence relating to
each outcome were moderate to low.

We are also aware of some statistical limitations. Firstly,
ORs may overestimate the effect of an exposure in the presence
of commonly occurring outcomes, such as invasive manage-
ment [48]. Secondly, between study heterogeneity was high.
The I? values may also however, be artificially elevated due to
the large sample sizes in the included observational data [49].

Further research

Further research is needed to determine: 1) whether people with
CKD receive revascularization, by PCI or CABG, concordant
with the preferred strategy, as predicted by the SYNTAX II
score; and 2) if not, what are the reasons for the discordance
between recommendations and applied rates of CABG treat-
ment? Qualitative methodology would be most appropriate
to meet the second aim, with specific focus on investigating:
1) what factors drive decisions regarding revascularization
strategy in the presence of CKD; and 2) the involvement and
wishes of patients in the decision-making process. It is also
essential that we improve our understanding of the balance of
risks and benefits, and net outcomes, of CABG versus PCI in
people with different degrees of severity of CKD and seek the
views of people with CKD disease towards these risk-benefit
weightings.

Conclusions

Following ACS, people with CKD are approximately 50% less
likely to receive angiography or revascularization compared to
those without kidney disease. Amongst those with STEMI who
are revascularized however, CKD is associated with a 50% in-
crease in the use of CABG, versus PCI. This appears consistent
with the increased prevalence of complex multivessel CAD in
the kidney disease population. However, adjustment for dif-
ferential receipt of angiography and revascularization (any) in
people with CKD removes the association between CKD and

receipt of CABG (versus PCI) after NSTE-ACS. This raises
the question of whether complex multivessel disease is being
appropriately managed in those with CKD and NSTE-ACS,
and whether greater use of coronary angiography in people
with NSTE-ACS could increase access to revascularization
and improve outcomes as a result.
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for CABG in people revascularized after ACS with versus
without CKD.
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