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Abstract

Background: The impact of chronic kidney disease (CKD) on adverse cardiovascular outcomes after per-
cutaneous coronary intervention in patients with diabetes mellitus (DM) is still unclear. This study aimed to
systematically assess evidence on this topic.

Methods: The PubMed, Embase, and CENTRAL databases were searched for studies comparing mortality,
myocardial infarction (Ml), or revascularization outcomes between patients with DM with and without CKD.

Results: In 11 studies, the presence of CKD was associated with significantly increased risk of early all-
cause mortality (risk ratio [RR], 3.45; 95% Cl, 3.07-3.87; /> = 0%; P < .001), late all-cause mortality (RR, 2.78;
95% Cl, 1.92-4.02; /? = 83%; P < .001), cardiac mortality (RR, 2.90; 95% Cl, 1.99-4.22; /? = 29%; P < .001),
and MI (RR, 1.40; 95% ClI, 1.06-1.85; /? = 13%,; P = .02) compared with no CKD. There was no difference in the
risk of any revascularization between those with and without CKD. Analysis of adjusted hazard ratios (HRs)
indicated significantly increased risk of mortality (HR, 2.64; 95% ClI, 1.91-3.64; /? = 0%; P < .001) in the CKD
group but only a nonsignificant tendency of increased MI (HR, 1.569; 95% Cl, 0.99-2.54; /2 = 0%; P = .05) and
revascularization (HR, 1.24; 95% Cl, 0.94-1.63; /> = 2%; P = 12) in the CKD group.

Conclusion: The presence of CKD in patients with DM significantly increases the risk of mortality and MI.
However, CKD had no impact on revascularization rates.
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Introduction
ercutaneous coronary intervention (PCI) is a common treatment modality for patients with coronary ar-
Ptery disease (CAD). Over the past 2 decades, improvements in procedure devices, stent design, and allied
technology combined with judicious patient selection and optimal antiplatelet therapy have made PCI a
safe procedure with excellent clinical outcomes.*? However, as with any interventional procedure, many associated
comorbidities can influence postPCI patient survival.?

Diabetes mellitus (DM) has been identified as an important risk factor for adverse clinical outcomes after PCIL**
Indeed, a recent meta-analysis by Zhou et al® with data from 139,774 participants has demonstrated that the presence
of DM as a comorbidity results in a 2.57-times-higher risk of in-hospital mortality and a 1.38-times-higher risk of
major adverse cardiac events after PCI. Such increased risk of mortality has been maintained despite contemporary
antiplatelet therapy and large-scale adoption of drug-eluting stents (DES).”* Along with such adverse outcomes,
DM as a disease can lead to several other organ dysfunctions. Of note, chronic kidney disease (CKD) is a common
complication seen with DM, with studies indicating a 3-times-greater risk of renal dysfunction in patients with DM
than that in the general population”’
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The relationship between CKD and CAD has been
well explored in the literature.”” Chronic kidney disease
is not only an independent predictor of cardiovascu-
lar disease but also a significant comorbidity that can
lead to adverse outcomes after cardiac revascularization
procedures.”"? Parikh et al* demonstrated that the pres-
ence of CKD results in increased mortality after PCI
and that the rate of adverse outcomes increases with the
severity of CKD. Because DM is the cause of CKD in
approximately 40% of patients," understanding how
the presence of CKD affects outcomes for patients with
DM who undergo PCI is important. Although there
have been studies assessing the role of CKD in PCI out-
comes in patients with DM, to the authors” knowl-
edge, no systematic review or meta-analysis has been
attempted to pool evidence on this subject. To bridge
this gap in the literature, the current review aimed to
perform a systematic literature search for studies assess-
ing the impact of CKD on cardiovascular outcomes in
patients with DM undergoing PCI and to pool data for
a meta-analysis.

Patients and Methods

This review is based on the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses statement”

and the Cochrane Handbook for Systematic Reviews of
Intervention.* However, the study protocol was not pre-

registered.

Literature Search

The online PubMed, Embase, and CENTRAL data-
bases were examined for articles of interest to the re-
view that were published between January 1, 2000, and
March 1, 2021. No language restriction was applied.
The search was carried out in duplicate by 2 review-
ers working independently. Terms used for the search
strategy were “chronic kidney disease,” “renal disease,”
“renal dysfunction,” “dialysis,” “diabetes mellitus,” “per-
cutaneous coronary intervention,” “angioplasty,” “PCI,”
and “PCA.” Details of the various combinations used
are presented in Supplementary Table I. The initial set
of articles was examined using the titles and abstracts
to recognize studies requiring full-text analysis. The full
texts of selected articles were then extracted for final
assessment. These were examined by the 2 reviewers
separately based on the inclusion and exclusion criteria.
Disagreements were resolved by discussion. The refer-
ences of the included studies were also searched for any
missed articles.
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Abbreviations and Acronyms

BMS bare-metal stent

CAD coronary artery disease

CKD chronic kidney disease

DES drug-eluting stent

DM diabetes mellitus

HR hazard ratio

Ml myocardial infarction

PCI percutaneous coronary intervention
ROS reactive oxygen species

RR risk ratio

Inclusion and Exclusion Criteria

The Population, Intervention, Comparison, Outcome,
and Study design guide was used to assess studies for
eligibility. The following criteria were used: popula-
tion, patients with DM undergoing PCI; intervention,
CKD; comparison, no CKDj; outcomes of mortality,
myocardial infarction (MI), or revascularization rates;
and study design, all types.

Studies were included irrespective of the sample size
and follow-up duration. Exclusion criteria was as fol-
lows: (1) Studies on patients with DM not presenting
separate outcome data for CKD and no CKD; (2) stud-
ies comparing outcomes of patients with CKD but not
reporting separate data for those with DM; (3) studies
on all revascularization strategies and not presenting
separate data for PCI; (4) studies not describing any out-
comes of interest; and (5) review articles, case reports,
and unpublished data. If 2 or more studies used the
same database or reported overlapping data, the study
with the largest sample size was included in the review.

Data Extraction and Quality Assessment

Two reviewers extracted data independently using a
prepared sheet. Data were extracted regarding author
name; publication year; study type and location; stent
type; sample size; patient demographic details; prior
ML, hypertension, or stroke; dyslipidemia; 3-vessel dis-
ease; mean left ventricular ejection fraction; insulin use;
follow-up period; and study outcomes. All extracted
data were cross-checked for any errors with the parent
article. The outcomes of interest for the meta-analysis
were mortality (all-cause and cardiac), MI, and revas-
cularization rates between patients with DM with and
without CKD. The impact of the severity of CKD on
these outcomes was also assessed.
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The quality of included studies was examined by risk
using a bias assessment tool for nonrandomized stud-
ies.” Two reviewers examined each study for selection
of participants, confounding variables, intervention
measurements, blinding of outcome assessment, incom-
plete outcome data, and selective outcome reporting,.
Disagreements were resolved by discussion.

Statistical Analysis

Review Manager (RevMan, version 5.3; Cochrane) was
used for the meta-analysis. Because of the intrinsic het-
erogeneity among the studies, the random-effects model
was chosen for the meta-analysis. First, data on the ab-
solute number of events of interest (mortality, MI, and
revascularization) were extracted. These data were then
pooled to calculate risk ratios (RRs) with 95% Cls. A
separate analysis was conducted for early mortality (in-

CKD and PCI Outcomes With Diabetes

hospital and 30-day) and late mortality (until the end of
the follow-up period). All-cause and cardiac mortality
rates were analyzed separately. Second, multivariable-
adjusted hazard ratios (HRs) of the outcome data were
extracted from included studies. These data were then
pooled using the generic inverse variance function of the
software to calculate the pooled effect size. Few studies
also reported HRs of a common composite outcome.
The composite outcome was defined as combined mor-
tality, MI, and revascularization rates. These data were
also pooled in a meta-analysis. Heterogeneity was cal-
culated using the /” statistic. * values of 25% to 50%
indicated low heterogeneity, 50% to 75% indicated
medium heterogeneity, and greater than 75% indicated
substantial heterogeneity. Funnel plots were used to as-
sess publication bias. A P value of <.05 was considered
statistically significant.

c Records identified through database searching:
2 PubMed (n = 1,710); Embase (n = 2,542); CENTRAL (n = 862)
3 (Total = 5,114)
=
(]
E l
Records after duplicates
removed (n = 1,145)
g Records excluded after evaluation of
S » | title/abstract due to nonrelevance
g (n=1,110)
% (n=7%)
4
Full-text articles screened Full-text articles excluded, as they
for eligibility (n = 35) did not meet inclusion criteria
*No separate data for diabetic
patients (n = 10)
*No separate data for CKD
= (n=28)
% *No reporting relevant outcomes
5 (n=5)
w eReview article (n = 1)
Studies included in
systematic review
(n=11)
v
- Studies included in
3 meta-analysis
=]
5 (n=11)
£

Fig. 1 Study flow chart.
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Results

Search Results and Study Details

A total of 1,145 unique records were identified after
the literature search (Fig. 1). On exclusion of 1,110 ar-
ticles after title and abstract screening, 35 studies with
their full texts were analyzed. An additional 24 articles
were excluded with reasons. Finally, a total of 11 stud-
ies were included in the systematic review and meta-
analysis.”'*" The interreviewer agreement for study
selection was high (k = 0.9).

The characteristics of included studies are presented
in Table 1.5¢*?® One study®® was a post hoc analysis of
3 multicentric randomized controlled trials (RCTs), and
all others were retrospective observational studies. All
studies defined CKD as less than 60 mL/min/1.73 m?
of estimated glomerular filtration rate. Two studies®*
did not report the type of stent used in the PCI. Three
studies'**** were exclusively on DES, 2 studies®?' were
on bare-metal stents (BMS), and the remaining studies
used a combination of DES and BMS. Only 1 study®
performed propensity-score matching of the study
groups. Liosis et al” reported separate data for patients
with ST-segment elevation and non—ST-segment eleva-
tion MI, which were pooled separately for the meta-
analysis. Two studies? reported only early outcomes;
the follow-up of remaining studies varied from 1 to 6.8

TABLE I. Characteristics of Included Studies

CKD and PCI Outcomes With Diabetes

years. The risk of bias assessment is depicted in Supple-
mentary Table I[ 15162028

Meta-Analysis of the Absolute Number of
Events

Pooled analysis on all-cause mortality indicated that
the presence of CKD was associated with significantly
increased risk of early (RR, 3.45; 95% ClI, 3.07-3.87;
I = 0%; P < .001) as well as late (RR, 2.78; 95% CI,
1.92-4.02; I* = 83%; P < .001) mortality compared with
patients without CKD (Fig. 2). There was no evidence
of publication bias in a funnel plot (Fig. 3). The risk
of cardiac mortality was also significantly higher in
patients with CKD than in those without CKD (RR,
2.90; 95% CI, 1.99-4.22; I* = 29%; P < .01) (Fig. 4A).
The presence of CKD also significantly increased the
risk of MI in patients with DM (RR, 1.40; 95% CI,
1.06-1.85; I* = 13%; P = .02) (Fig. 4B). However, there
was no difference in the risk of any revascularization
between CKD and non-CKD groups (RR, 0.96; 95%
CI, 0.82-1.13; I* = 25%; P = .65) (Fig. 4C).

Meta-Analysis of Adjusted Outcomes

Only 4 studies reported a multivariable-adjusted com-
parison of patients with and without CKD, and only 3
studies were available for meta-analysis of the following
outcomes. For the composite outcome, meta-analysis

Study Location Studytype  Stenttype(s) Groups Sample size, Meanage,y Male, No. (%) Prior M, DL, No. (%) Priorstroke, HTN, No. (%) 3-Vessel Mean LVEF,  Insulin users, Follow-up
No. No. (%) No. (%) disease, No. (%) No. (%)
No. (%)
Nikolsky, et al?0 USA Retrospective  BMS cKD 529 67 248(468)  301(56.9) 327 (61.8) 99(187) NR NR 222 (42) 290 (54.8) Ty
(2004) No-CKD 1,046 624 689(659)  538(51.4) 688 (65.8) 123(11.8) NR NR 481 (46) 441 (42.2)
Goto, etal”’  Japan Retrospective BMS cKD 55 66.7 34(62) 5(8.9) 18(32) NR 35(63) NR 28(51.5) 5(9.1) 68y
(2008) No-CKD 165 63.9 119(72) 10(6.1) 76 (46) NR 109 (66) NR 87 (53) 9(55)
Hung, etal®?  Taiwan Retrospective BMS, DES ~ CKD 63 70.8 47 (74.6) NR NR NR 51(81) 7(11) NR NR 30d
(2013) No-CKD 85 57.4 75 (88.2) NR NR NR 58 (68.2) 5(59) NR NR
Choi,etal®  Republicof  Retrospective DES cKD 502 68.8 319(63.5) 135 (26.9) 153 (30.5) 53(10.6) 422 (84.1) NR NR 25(5) 2y
(2016) Korea No-CKD 502 68.8 325 (64.7) 136 (27.1) 147 (29.3) 53(10.6) 416(82.9) NR NR 30(6)
Lima, etal®  Brazi Retrospective BMS, DES ~ CKD 40 68 21(52.5) NR NR NR 31(775) 24.(60) 23(57) NR 54y
(2016) No-CKD 72 58 43(59.7) NR NR NR 56 (77.8) 33(45.8) 41(57) NR
Vichova, etal®® Czech Retrospective NR cKD 94 72 42 (44.7) 18(19.1) NR 16(17) 77(81.9) 48 (51) NR NR Ty
(2016) Republic No-CKD 123 64.1 98(79.9) 26 (21.1) NR 14(11.5) 99 (80.5) 67 (54.6) NR NR
Kim, etal®®  Republic Retrospective DES cKD 338 719 169 (50) 35(10.4) 76 (22.5) 29(87) 263 (77.7) 149 (44.1) NR 42 (12.4) 1y
(2017) of Korea No-CKD 549 63.3 388(70.7)  59(107) 129 (23.5) 38(7) 349(636) 159 (29) NR 25(4.6)
Lin,etal?  Taiwan Retrospective BMS,DES ~ CKD 311 68.6 191 (61.4) NR 133 (42.8) 9(28) 220(70.7) 93(29.9) 171 (55) NR Ty
(2017) No-CKD 254 596 194 (76.4) NR 139 (54.7) 12(47) 151 (59.4) 59(23.2) 150 (59) NR
Farkouh, etal® Multicentric  Post hoc BMS,DES  CKD 426 NR NR NR NR NR NR NR NR NR 45y
(2019) analysis of No-CKD 1,652 NR NR NR NR NR NR NR NR NR
RCTs

Liosis, etal®  Germany Retrospective NR a) STEMICKD 1,341 742 837 (62.4) NR 1031(76.9) 194 (14.5) 1262(94.0)  712(53.) NR NR In-hospital only
(2019) No-CKD 3,605 66.7 2433(675)  NR 2473(686)  187(5.2) 3108(86.2)  1334(37) NR NR

b) NSTEMI CKD 4,534 753 2,965(65.4)  NR 3,500(77.2)  676(14.9) 4312(951)  2707(697)  NR NR

No-CKD 8,642 71 5643(653)  NR 6,144(711) 5704 (66) 7752(897)  3,975(46) NR NR
Watanabe, et Japan Retrospective DES cKD 219 72 160 (73) 90 (41) 171(78) 21(96) 193 (88) 127 (58) 116 (53) 53 (24) 51y
al"® (2020) No-CKD 293 69 231(79) 94(32) 202 (69) 15 (5.1) 237 (81) 147 (50) 170 (58) 38(13)

BMS, bare-metal stent; CKD, chronic kidney disease; DES, drug eluting stent; DL, dyslipidemia; HTN, hypertension; LVEF,
left ventricular ejection fraction; MI, myocardial infarction; NSTEMI, non—-ST-segment elevation MI; NR, not reported; RCT,

randomized controlled trial; STEMI, ST-segment elevation MI.
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CKD No CKD Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random (95% CI) Year 1V, Random, 95% CI
1.1.1 Early mortality
Nikolsky, et al2° (2004) 16 529 5 1046 1.3% 6.33 (2.33-17.18) 2004
Hung, et al?2 (2013) 14 63 4 85 1.2% 4.72 (1.63-13.66) 2013 —_—
Lima, et al?4 (2016) 0 40 0 72 Not  estimable 2016
Vichova, et al?® (2016) 23 94 7 123 2.1% 430 (1.93-9.59) 2016 o
Kim, et al?¢ (2017) 23 338 7 549 1.9% 5.34 (2.32-12.30) 2017
Liosis, et al'® (2019) 292 1,335 237 3,600 51.9% 3.32 (2.83-3.90) 2019 | ]
Liosis, et al'> (2019) 322 4,485 182 8,616 41.6% 3.40 (2.84-4.06) 2019 u
Subtotal (95% CI) 6,884 14,091 100.0% 3.45 (3.07-3.87) ()
Total events 690 442
Heterogeneity: Tau? = 0.00; chi? = 3.33, df= 5 (P = .65); P = 0%
Test for overall effect: Z = 21.10 (P < .00001)
1.1.2 Late mortality
Nikolsky, et al?° (2004) 97 529 52 1046 14.8% 3.69 (2.68-5.08) 2004 -
Goto, et al?! (2008) 6 55 17 165 8.6% 1.06 (0.44-2.55) 2008 —F =
Choi, et al?3 (2016) 67 502 24 502 13.4% 2.79 (1.78-4.38) 2016 B
Lima, et al?* (2016) 35 40 15 72 13.2% 4.20 (2.64-6.69) 2016 S
Vichova, et al?> (2016) 35 94 15 123 12.3% 3.05 (1.78-5.25) 2016 B
Kim, et al?¢ (2017) 23 338 8 549  9.4% 4.67 (2.11-10.32) 2017 i
Farkouh, et al?8 (2019) 147 426 354 1652 16.2% 1.61 (1.37-1.89) 2019 =
Lin, et al?” (2017) 57 311 15 254 12.2% 3.10 (1.80-5.35) 2019 .
Subtotal (95% CI) 2295 4363 100.0% 2.78 (1.92-4.02) &
Total events 467 500
Heterogeneity: Tau? = 0.21; chi® = 42.14, df = 7 (P < .00001); P = 83%
Test for overall effect: Z = 5.44 (P < .00001)

0.005 0.1 1 '10 200
Favors [CKD] Favors [No CKD]

Fig. 2 Results of the meta-analysis of early and late all-cause mortality between patients with diabetes mellitus with and
without CKD. The total number of patients in Liosis et al15 excludes patients lost to follow-up. P < .05 was considered statisti-
cally significant.

CKD, chronic kidney disease; df, degree of freedom; IV, inverse variance.

0__SE(Iog[RR])

0.6

0.8

4

1~
0.005 0.1 10 200

Subgroups
|6 Early mortality <> Late mortality

Fig. 3 Funnel plot for the meta-analysis of mortality between patients with diabetes mellitus with and without chronic kidney
disease.

RR, risk ratio.
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A CKD No CKD Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random (95% Cl) Year 1V, Random, 95% CI
Goto, et al?! (2008) 2 55 1 165 2.4% 6.00 (0.55-64.89) 2008
Choi, et alz3 (2016) 135 502 54 502 48.1% 2.50 (1.87-3.34) 2016 b
Kim, et al26 (2017) 16 338 4 549 10.1% 6.50 (2.19-19.27) 2017 —_—
Lin, et al?” (2017) 44 311 9 254 203% 3.99 (1.99-8.02) 2019 —
Watanabe, et al'6 (2020) 16 219 12 293 19.1% 1.78 (0.86-3.69) 2020 +—
Total (95% Cl) 1,425 1,763 100.0%  2.90 (1.99-4.22) <
Total events 213 80
Heterogeneity: Tau? = 0.05; chi’® = 5.66, df = 4 (P=.23); P = 29% I + t |
) 0.01 0.1 10 100
Test for overall effect: Z = 5.56 (P < .00001) Favors CKD Favors No CKD
CKD No CKD Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random (95% ClI) Year IV, Random, 95% CI
Nikolsky, et al?® (2004) 49 529 79 1,046 42.8% 1.23 (0.87-1.72) 2004
Choi, et al?3 (2016) 39 502 29 502 27.5% 1.34 (0.85-2.14) 2016 =
Lima, et al>4 (2016) 5 40 6 72 5.8% 1.50 (0.49-4.61) 2016 B -
Kim, et al?¢ (2017) 10 338 3 549 4.5% 5.41 (1.50-19.53) 2017 —
Lin, et al?? (2017) 19 311 13 254 14.4% 1.19 (0.60-2.37) 2019 =
Watanabe, et all¢ (2020) 7 219 4 293 5.0% 2.34 (0.69-7.90) 2020 =
Total (95% ClI) 1,939 2,716 100.0% 1.40 (1.06-1.85) ‘
Total events 129 134 Heterogeneity:
2 _ . 2 _ — — 5 — [} + + J
Tau? = 0.02; chi® = 5.74, df = 5 (P=.33); £ = 13% ho1 oh 0 100

Test for overall effect: Z = 0.45 (P = .65)

Test for overall effect: Z = 2.38 (P=.02) Favors CKD Favors No CKD
CKD No CKD Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random (95% CI) Year 1V, Random, 95% CI

Nikolsky, et al20 (2004) 110 529 268 1,046 31.7% 0.81 (0.67—0.99) 2004

Goto, et al?! (2008) 16 55 41 165 9.0% 1.17 (0.72—1.91) 2008 =T

Choi, et al?3 (2016) 72 502 78 502 19.7% 0.92 (0.69—1.24) 2016 e

Lima, et al?* (2016) 6 40 13 72 3.1% 0.83 (0.34-2.02) 2016 —

Kim, et al?6 (2017) 7 338 4 549 1.7% 2.84 (0.84-9.64) 2017 T

Lin, et al?” (2017) 74 311 63 254 20.0% 0.96 (0.72—1.28) 2019 -

Watanabe, et al'6 (2020) 45 219 50 293 14.7% 1.20 (0.84-1.73) T

Total (95% CI) 1,994 2,881 100.0% 2020 4

Total events 330 517

Heterogeneity: Tau? = 0.01; chi® = 7.97, df = 6 (P = .24); F = 25% 0.96 (0.82-1.13) :0 01 } 10

0.1
Favours [CKD] Favours [No CKD]

Fig. 4 Meta-analysis of A) cardiac mortality, B) myocardial infarction, and C) revascularization between patients with
diabetes mellitus with and without CKD. P < .05 was considered statistically significant.

CKD, chronic kidney disease; df, degree of freedom; IV, inverse variance.

indicated significantly increased combined risk of mor-
tality, M1, and revascularization in patients with CKD
compared with patients without CKD (HR, 1.70; 95%
Cl, 1.23-2.34; I* = 0%; P = .001) (Supplementary Fig,
1). A separate meta-analysis of these 3 outcomes indicat-
ed a significantly increased risk of mortality (HR, 2.64;
95% CI, 1.91-3.64; I* = 0%; P < .001) in the CKD
group but only a nonsignificant tendency of increased
MI (HR, 1.59; 95% CI, 0.99-2.54; I* = 0%; P = .05)
and revascularization (HR, 1.24; 95% CI, 0.94-1.63;
I* = 2%; P = .12) in the CKD group (Supplementary
Fig. 1).
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Outcomes Based on Severity of CKD
Because of interstudy heterogeneity and inadequate data
reporting, a quantitative analysis on the impact of the
severity of CKD on patient outcomes could not be con-
ducted. However, a detailed description of outcomes re-
ported by the studies is presented in Table I1.5!6-2022232527
Notwithstanding the difference in outcomes and
classifications used by studies, the majority of studies
reported an increased risk of adverse outcomes with in-
creased severity of CKD.
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TABLE Il. Outcomes of studies based on severity of CKD

Study CKD classification based on Outcomes

eGFR (mL/min/1.73 m?)

Nikolsky, et al?® (2004) Dialysis
Nondialysis (eGFR not specified)

There was significantly higher in-hospital mortality and 1-y mortality
in the dialysis group than in the nondialysis group (P < .001).

Hung, et al?? (2013)

Choi, et al*®(2016)

Vichova, et al®® (2016)

Lin, et al’ (2017)

Liosis, et al'® (2019)

Watanabe, et al'® (2020)

Stage 1: 290
Stage 2: 60-89
Stage 3: 30-59
Stage 4: <30

Moderate: 30-60
Severe: <30

Moderate: 30-60
Severe: <30

Stage 1: 290
Stage 2: 60-89
Stage 3: 30-59
Stage 4: 15-29
Stage b: <15
Mild: 45-60
Moderate: 30-45
Severe: <30
Mild: 45-60
Moderate: 30-45
Severe: <30

Patients with stage 3 and 4 CKD had significantly higher risk of
mortality than did patients with stage 1 and 2 disease (P < .001).

There was a significantly higher risk of cardiac death in both the
moderate (P = .02) and severe (P < .001) CKD groups than in patients
with normal renal function.

There was significantly higher in-hospital mortality in the severe CKD
group than in the moderate CKD group (P = .002).

The advanced-stage CKD group (stage 4 and 5) had significantly
higher cardiovascular mortality and all-cause mortality than the
early-stage CKD group (both P < .001). There was no difference in
these groups in terms of recurrent MI (P = .06) or revascularization
(P=.20).

In-hospital mortality was seen to increase significantly with increase
in severity of CKD (P < .001).

The target lesion failure, cardiac mortality, and Ml were significantly
higher in the severe CKD group than in other groups (all P < .001).
There was no difference in the rate of revascularization in the CKD
groups (P =.31).

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; MI, myocardial infarction.

Discussion

Diabetes mellitus is known to be one of the strongest
predictors of poor outcomes after PCL.** Not only do
data from observational studies demonstrate the adverse
effect of DM on PCI,* but evidence from high-quality
RCTs has also confirmed the same. In a subset analy-
sis of the ACUITY trial,” patients with DM had sig-
nificantly higher early mortality, ischemia events, and
major bleeding episodes than in those without DM.
An important reason for this difference is that patients
with DM tend to have more severe and diffuse CAD
than do those without DM.* In addition to higher
baseline disease activity, DM also leads to increased
platelet reactivity, poor response to antiplatelet therapy,
and elevated inflammatory markers owing to the state
of chronic inflammation.”* These pathophysiological
factors are also important contributors to unfavorable
outcomes following PCI in patients with DM. Because
DM also leads to worsening of renal function' and
CKD in itself is associated with worse outcomes after
PCL" it is important to clarify the role of renal dis-
ease in outcomes for patients with DM. In this context,
the systematic review and meta-analysis are important
as the first to evaluate the subject in question. In the
analysis combining data from 20,975 patients, CKD
was found to increase the risk of early all-cause mor-
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tality by 3.45 times in patients with DM who under-
went PCI. Similarly, a 2.78-times-increased risk of late
all-cause mortality and a 2.90-times-increased risk of
cardiac mortality with combined CKD and DM were
noted compared with DM alone. Furthermore, CKD
increased the risk of MI by 40% in patients with DM
who underwent PCI but did not affect revascularization
rates. It is important to note that these values were ob-
tained by pooling data mostly from unmatched studies
with significant differences in baseline characteristics
between the study groups. Therefore, there is a high
possibility that multiple confounding preoperative,
intraoperative, and postoperative variables could have
skewed the outcomes of this analysis. In the absence of
evidence from RCTs, multivariable-adjusted regression
analysis or use of propensity-score matching has been
recommended to negate the effect of confounding fac-
tors.”* However, baseline matching of the cohort was
performed only by Choi et al,”” and adjusted HRs of
outcomes were not universally reported. Despite this
limitation, the increased risk of all-cause mortality with
combined CKD and DM was seen in all studies ex-
amined except Goto et al.” The limited sample size of
that study could have contributed to the nonsignificant
outcome. Furthermore, the meta-analysis of adjusted
HRs was in concurrence with the results of the abso-
lute number of events, indicating that presence of CKD
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does have a role in increasing mortality and MI rates in
patients with DM.

Adverse outcomes resulting from CKD in PCI have
been attributed to several possible reasons. The pres-
ence of CKD and CKD-associated bone mineral dis-
orders is known to cause vascular calcifications, which
increase the complexity of PCL> Research indicates
poorer outcomes after PCI in patients with calcified le-
sions.** Also, common pathophysiological processes in
DM and CKD, such as alteration of cellular calcium
homeostasis, chronic inflammation with cardiac cell
apoptosis, myocardial alterations leading to fibrosis, and
concentric remodeling, can lead to a significant reduc-
tion in left ventricular function, which in turn leads to
increased mortality and risk of heart failure.””* The
role of reactive oxygen species (ROS) in influencing PCI
outcomes has recently been recognized.”” The presence
of ROS leads to endothelial dysfunction, neointimal hy-
perplasia, and vascular smooth muscle cell hypertrophy,
which can affect PCI outcomes. Hyperglycemia and
overt DM are associated with increased ROS, and their
role has also been identified in CKD.***' The combined
oxidative damage induced by the 2 diseases could lead
to worse outcomes after PCI. In addition, the combi-
nation of CKD and DM is associated with increased
incidence of hypertension, dyslipidemia, and multivessel
disease compared with DM alone.”” All of these fac-
tors are also known to contribute to worse outcomes
after PCL>* Angiolillo et al** demonstrated that CKD
reduces the activity of antiplatelet drugs and further
increases platelet reactivity in patients with DM. Poor
response to antiplatelet drugs is an important cause of
adverse events after PCL* It is also plausible that as the
severity of CKD increases, the impact of these patho-
physiological processes expands proportionally, leading
to further deterioration of outcomes. Research on pa-
tients with CKD has indicated only worse outcomes
after PCI with increasing severity of disease.”” However,
because of limited data, a quantitative assessment of this
association in the cohort of patients with DM was not
able to be made.

Although this study demonstrates that CKD is an im-
portant cause of adverse PCI outcomes in patients with
DM, research suggests that poor outcomes in patients
with DM may be related to the presence of CKD alone,
and non-CKD DM may have limited contribution. In 1
of the included studies, Liosis et al” demonstrated that
in-hospital mortality is increased in patients with DM
only in the subset of those with CKD and not in those
with DM alone. Similarly, Lin et al” reported a compa-
rable risk of all-cause mortality between patients with-
out CKD or DM and patients with DM alone (3.9%
vs 5.9%, respectively) but a significantly higher risk of
mortality (18.3%) in patients with CKD and DM who
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underwent PCI. These findings, along with the results
of this study, have important clinical implications, as
they demonstrate that patients with DM and CKD are
a high-risk subset who require close monitoring and
optimal perioperative and postoperative management.
These findings may also be helpful when discussing the
prognosis of PCI with this cohort of patients.

Limitations

The limitations of this study need to be specified.
Foremost, the number of studies included in this meta-
analysis was not very large. Furthermore, not all studies
reported data on all outcomes, which diminished the
power of individual analysis. Second, as discussed ear-
lier, the results should be interpreted with caution, as
several potential confounding factors could have influ-
enced study outcomes. The majority of studies were ret-
rospective in nature, with a large tendency of selection
bias. Meta-analysis of only adjusted outcomes from all
studies would have provided the best available evidence;
however, these data were not widely reported. Also, a
subgroup analysis based on the severity of CKD could
not be conducted; only a qualitative analysis could be
carried out. Third, the included studies were conducted
over a long period spanning almost 2 decades. To in-
clude only recent evidence, only studies published in
2000 or later were searched; however, there have been
several changes in PCI technology and cardiovascular
drugs during this period that could have influenced
outcomes. Fourth, an important difference across stud-
ies was in the different types of stents used. Although
earlier studies used only BMS, more recent ones used
only DES. Because of limited data, the impact of stent
types on study outcomes could not be assessed. Last,
the way in which antidiabetic therapy may affect out
comes in patients with CKD who undergo PCI could
not be assessed. In recent years, studies have shown that
sodium-glucose cotransporter-2 inhibitors used in the
management of DM have cardioprotective and reno-
protective functions. These drugs are known to signifi-
cantly reduce the risk of worsening renal function and
prevent progression to end-stage renal disease.” In this
context, it would be interesting for future studies to ex-
plore the association of sodium-glucose cotransporter-2
inhibitors and outcomes in patients with CKD who
undergo PCI. There is also a need for future studies to
compare outcomes of revascularization vs nonrevascu-
larization (where feasible) in patients with CKD with
cardiovascular disease to further enhance current evi-
dence.

Based on the current results, the authors believe that
clinicians should take adequate care and prioritize treat-
ment of patients with CKD who require PCI. These pa-
tients should also be counseled regarding the increased
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risk of complications and be provided with highly su-
pervised perioperative care.

Conclusion

Data from mostly retrospective studies indicate that the
presence of CKD in patients with DM significantly in-
creases the risk of mortality and MI. However, CKD
was found to have no impact on revascularization rates.
Further larger-scale studies assessing outcomes of PCI
based on CKD severity are needed to supplement cur-
rent conclusions.
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