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Background: Cardiac evaluation before deceased donor kidney transplant (DDKT) re-
mains a matter of debate. Data on Asian countries and countries with prolonged wait-
ing times are lacking. This study aimed to assess the outcomes of patients referred for
DDKT after a cardiac evaluation at an Asian tertiary transplant center.

Methods: This single-center retrospective review analyzed patients who were referred
for waitlist placement and underwent cardiac stress testing between January 2009 and
December 2015. Patients with cardiac symptoms were excluded. The primary outcome
was three-point major adverse cardiovascular events (MACE), a composite of non-fatal
myocardial infarction, non-fatal stroke, and cardiovascular death.

Results: Of 468 patients referred for DDKT, 198 who underwent cardiac stress testing
(myocardial perfusion studies in 159 patients and stress echocardiography in 39 pa-
tients) were analyzed. MACE occurred in 20.7% of the patients over a median follow-up
of 4.6 years. Cardiac stress tests were positive for ischemia in 19.7% of the patients.
Coronary angiography was performed in 63 patients, including 29 patients with diabetic
kidney disease and negative cardiac stress tests. Significant coronary artery disease
(CAD) was detected in 27 patients (42.8%), of whom 18 underwent revascularization.
MACE was associated with significant CAD on coronary angiography in the multivari-
able analysis. Cardiac stress test results were not associated with MACE. Amongst
diabetic patients who had negative cardiac stress tests, 37.9% had significant CAD on
coronary angiography.

Conclusions: The cardiovascular disease burden is significant amongst DDKT waitlist
candidates. Pretransplant cardiac screening may identify patients with significant CAD
at higher risk of MACE.

Keywords: Kidney transplantation; Cardiovascular diseases; Echocardiography, Stress;
Myocardial perfusion imaging; Coronary angiography
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HIGHLIGHTS

* A cohort of 198 patients on the kidney transplant wait-
list was followed for 4.6 years.

* Major adverse cardiovascular events developed in
20.7% of the patients during follow-up.

* Significant coronary artery disease on cardiac angiog-
raphy was correlated with major adverse cardiovascular
events.

INTRODUCTION

Cardiovascular disease is highly prevalent amongst pa-
tients with end-stage kidney disease (ESKD) and remains
a leading cause of death amongst kidney transplant
recipients [1,2]. Many transplant centers perform pre-
transplant cardiac screening for patients on the kidney
transplant waitlist to detect asymptomatic coronary
artery disease (CAD) with the goal of reducing peri-oper-
ative and posttransplant cardiovascular complications.
Screening may also potentially identify candidates with
unacceptably high cardiovascular risk and exclude them
from the waitlist, thereby optimizing the allocation of the
scarce deceased donor kidneys. Therefore, several guide-
lines have suggested considering non-invasive cardiac
stress testing amongst kidney transplant candidates with
significant cardiovascular risk factors [3,4].

However, there is growing disagreement over the
utility of cardiovascular screening in kidney transplant
candidates [5]. The sensitivity and specificity of non-in-
vasive cardiac stress testing for angiographic CAD may
be poorer amongst ESKD patients [3] and may not accu-
rately predict future major adverse cardiovascular events
(MACE) [6,7]. Moreover, false-positive results may lead to
unnecessary invasive procedures, transplantation delays,
or even exclusions from transplantation. Revasculariza-
tion has also not been shown to improve outcomes in
ESKD patients [8], who are also more likely to experience
complications following revascularization [9]. Importantly,
even patients with established ischemic heart disease
have demonstrated better outcomes following transplan-
tation compared to those who remained on dialysis [10],
suggesting that exclusion from the waitlist based on CAD
alone may not be justified.

Numerous studies have described the outcomes of
patients following cardiac stress tests for ESKD patients
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on the transplant waitlist [11-13]. However, most studies
were conducted in North America and Europe, and data
from Asian centers are still lacking [14,15]. Given differ-
ences in disease epidemiology, cardiovascular risk factors
and access to transplantation, the currently available data
may not be applicable to Asian centers. Therefore, this
study aimed to describe the cardiovascular outcomes of
ESKD patients on the deceased donor kidney transplant
(DDKT) waitlist at an Asian tertiary transplant center after
cardiac evaluations.

METHODS

We conducted this study in compliance with the principles
of the Declaration of Helsinki. The study's protocol was
reviewed by the SingHealth Centralized Institutional Re-
view Board (CIRB Ref. 2019/2969). As this was a clinical
audit of routine clinical care, where participants were not
subjected to additional risks or burdens beyond usual
clinical practice, ethics review and the requirement for in-
formed consent were waived.

Study Design
This was a single-center, retrospective observational co-
hort study. All patients on dialysis referred for placement
on the DDKT waitlist between 1 January 2009 and 31
December 2015 who had undergone pretransplant cardi-
ac stress testing were included. Patients who had active
cardiac symptoms (e.g., angina, exertional dyspnea) were
excluded. Cardiac stress testing was performed for pa-
tients with cardiovascular risk factors such as advanced
age (>50 years old), hypertension, dyslipidemia, smoking,
family history of cardiovascular disease, and abnormal
electrocardiography, as well as at the discretion of the
treating physician. Patients could undergo either stress
echocardiography or myocardial perfusion studies based
on the physician's discretion and test availability. Patients
with abnormal cardiac stress tests were referred to a car-
diologist for further evaluation and coronary angiography.
Based on national transplant regulations, a coronary
angiogram is required for all patients with ESKD due to
diabetes mellitus prior to waitlist placement, regardless of
the stress test results. An ejection fraction of <50%, histo-
ry of CAD requiring revascularization (percutaneous coro-
nary intervention [PCI] or coronary artery bypass grafting
[CABG]), cardiac catheterization demonstrating function-
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ally significant major coronary artery stenosis (defined
as =70%) or cerebrovascular accident are also listed as
contraindications for waitlist placement. Patients were
followed until one of the following occurred: MACE (car-
diovascular death, acute myocardial infarction, or isch-
emic stroke), non-cardiovascular death, kidney transplant,
or loss to follow-up.

Baseline Characteristics and Outcomes

Data were extracted from patients’ electronic medical
records. The baseline characteristics collected included
the following: age, sex, ethnicity, cause of ESKD, dialysis
vintage (time from the initiation of dialysis to the cardi-
ac stress test), dialysis modality at the time of referral,
hypertension, diabetes mellitus, dyslipidemia, smoking
status, history of stroke, and history of CAD. Patients were
then categorized by the results of stress testing and cor-
onary angiography, if available. Significant CAD on cor-
onary angiography was defined as >50% stenosis in the
left main coronary artery or >70% stenosis in the major
coronary arteries (i.e., left anterior descending artery, left
circumflex artery, or right coronary artery). The primary
outcome was the incidence of three-point MACE, a com-
posite outcome of cardiovascular death, acute myocardial
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infarction, and ischemic stroke, calculated from the date
of the stress test.

Statistical Analysis

Descriptive statistics were expressed as median with
interquartile range (IQR) for continuous variables and
frequencies (%) for categorical variables. The differences
between categorical and continuous variables were as-
sessed using the chi-square test and the Mann-Whitney
U-test, respectively. Univariable and multivariable Cox
proportional-hazards models were used to investigate the
effect of variables on the risk of outcomes. A two-tailed
P-value <0.05 was considered statistically significant, and
95% confidence intervals (Cls) were reported when appro-
priate. All missing values were handled by exclusion from
relevant analysis without imputation. All statistical anal-
yses were performed with IBM SPSS ver. 28.0 (IBM Corp.,
Armonk, NY, USA).

RESULTS

Of the 468 patients referred for DDKT waitlist placement

| 468 Patients referred for DDKT waiting list placement |

| 259 Underwent cardiac stress testing

57 Symptomatic patients and
4 patients with inconclusive

A

results excluded

| 198 Patients included for analysis |

v
145 Patients without diabetic kidney disease (73.2%)

I
v v

v
| 53 Patients with diabetic kidney disease (26.8%)

I
v v

122 Negative for ischemia (84.1%) | | 23 Positive for ischemia® (15.9%)

37 Negative for ischemia” (69.8%) | | 16 Positive for ischemia (30.2%)

'

v v

18 Patients underwent
coronary angiography

29 Patients underwent 16 Patients underwent
coronary angiography coronary angiography

10 Negative for 8 Positive for 18 Negative for 11 Positive for 8 Negative for 8 Positive for
significant CAD | | significant CAD | | significant CAD | | significant CAD | | significant CAD | | significant CAD
(55.6%) (44.4%) (62.1%) (37.9%) (50.0%) (50.0%)
, v ' ' ' v v
19 MACE 1 MACE 4 MACE 2 MACE 7 MACE 4 MACE 3 MACE
(15.6%) (10.0%) (50.0%) (11.1%) (63.6%) (50.0%) (37.5%)

Fig. 1. Cardiovascular outcomes of patients who underwent cardiac stress testing after referral for deceased donor kidney transplant (DDKT) waitlist
placement. CAD, coronary artery disease; MACE, major adverse cardiovascular events. Five did not undergo coronary angiography, 0 MACE; “Eight did

not undergo coronary angiography, 1 MACE.
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between 2009 and 2015, 259 patients underwent cardiac
stress tests. A total of 198 patients were included after
excluding 57 patients with cardiac symptoms and four
patients who had inconclusive results but had no further
evaluation (Fig. 1). The baseline characteristics of the
included patients are summarized in Table 1. The median
age was 53 years (IQR, 46—59 years). The leading causes
of ESKD were glomerulonephritis (54.5%) and diabetic
kidney disease (26.8%). The median duration of dialysis
was 3.5 years (IQR, 0.7-7.2 years) at the point of cardiac
stress testing.

Stress echocardiography was performed for 39
patients (24 dobutamine and 15 exercise) and stress
myocardial perfusion studies were performed for 159

Table 1. Characteristics of patients who underwent cardiac stress testing
after referral for deceased donor kidney transplant waitlist placement
according to the presence of ischemia on the cardiac stress test

o Total Ischemia No ischemia
Characteristic P-value
(n=198) (n=39) (n=159)

Age (yr) 53 (46-59) 53 (44-61) 52 (46-58) 0.71

Male 107 (54.0)  27(69.2) 80(50.3) 0.05

Ethnicity 0.82
Chinese 143(72.2)  28(71.8) 115(72.3)

Malay 45(227)  10(25.6)  35(22.0
Indian 8 (4.0) 1(2.6) 7 (4.4)
Others 2(1.0) 2(1.3)

Cause of ESKD 0.13
Glomerulonephritis 108 (54.5) 17 (43.6) 91 (57.2
Diabetes mellitus 53(26.8)  16(41.0) 37(23.3)
Hypertension 10 (5.1) 2(5.1) 8 (5.0)

ADPKD 9 (4.5) 0 9(5.7)
Others/unknown 18 (9.1) 4(10.3) 14(8.8)

Dialysis modality 0.49
Hemodialysis 164 (82.8)  37(87.2) 130 (81.8)
Peritoneal dialysis 34 (17.2) 5(12.8) 29(18.2)

Dialysis vintage (yr) 3.5(0.7-7.2) 4.0 (0.6-6.5) 3.3(0.7-7.8) 0.65

Hypertension 181(91.4) 37(94.9) 144(90.6) 0.53

Diabetes mellitus 73(36.9) 21(53.8) 52(32.7) 0.02

Dyslipidaemia 124 (62.6) 28(71.8) 96(60.4) 0.20

Current or past smoking  41(22.8)  12(32.4)  29(20.3) 0.13

History of CAD 13 (6.6) 5(12.8) 8 (5.0) 0.14

History of stroke 4(2.0) 0 4(2.5) 1.00

Ejection fraction <50%  34(18.2) 11(28.2) 23(15.5) 0.10

Values are presented as median (interquartile range) or number (%).
ESKD, end-stage kidney disease; ADPKD, autosomal dominant polycystic
kidney disease; CAD, coronary artery disease.
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patients (122 dipyridamole, 1 dobutamine, and 36 exer-
cise). The cardiac stress tests were positive for ischemia
in 39 (19.7%) patients. Patients who tested positive for
ischemia on cardiac stress tests were more likely to be
male and to have diabetes (Table 1). Sixty-three patients
subsequently underwent coronary angiography, which
demonstrated significant CAD in 27 patients (42.8%).
Male and older patients were more likely to have signifi-
cant CAD (Supplementary Table 1).

The outcomes of the included patients are summa-
rized in Fig. 1. The primary endpoint, MACE, was observed
in 41 (20.7%) patients over the median follow-up period
of 4.6 years (IQR, 1.9-7.0 years). The observed MACE
included 23 acute myocardial infarctions (56.1%), 13
strokes (31.7%), and 5 cardiovascular deaths (12.2%). Of
the 36 patients who developed a non-fatal cardiovascular
event, 18 (50.0%) subsequently died over a median period
of 1.4 years (IQR, 0.2-3.3 years). During the follow-up pe-
riod, 37 patients (18.7%) were transplanted, with 29 from
deceased donors, six from living donors (one of whom
was a retransplant) and two overseas kidney transplants.
The median time from dialysis initiation (or return to dial-
ysis for the re-transplant) to transplant was 7.4 years (IQR,
4.8-9.0 years). The median waiting time for a DDKT was
8.0 years (IQR, 6.6—9.0 years).

Amongst the 145 patients who did not have ESKD due
to diabetes mellitus (Fig. 1), 24 (16.6%) developed MACE
over a median follow-up period of 4.6 years (IQR, 1.7-6.9
years). Cardiac stress tests were positive for ischemia
in 23 patients (15.9%). MACE developed in 5 (21.7%) pa-
tients with positive stress tests, compared with 19 (15.6%)
of 122 patients with negative stress tests. Eighteen pa-
tients who tested positive for ischemia underwent coro-
nary angiography. Five patients did not undergo coronary
angiography, including two patients who refused, two at
the discretion of the treating cardiologist, and one for un-
known reasons. Significant CAD on coronary angiography
was demonstrated in eight patients (44.4%), including
three cases of single-vessel disease, three cases of du-
al-vessel disease, and two cases of triple-vessel disease.
Six patients underwent revascularization (all PCI), while
the remaining two patients did not undergo revascular-
ization at the discretion of the treating cardiologist. MACE
developed in four (50.0%) patients with significant CAD on
angiography, compared with only one (10.0%) with a neg-
ative coronary angiogram.

Of the 53 patients with ESKD due to diabetes mellitus
(Fig. 1), 17 (32.1%) developed MACE over a median fol-
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low-up period of 5.5 years (IQR, 2.4-7.9 years). Cardiac
stress tests were positive for ischemia in 16 patients
(30.2%). MACE developed in seven (43.8%) patients with
positive stress tests, compared with 10 (27.0%) of 37 pa-
tients with negative stress tests. All 16 patients who test-
ed positive for ischemia underwent coronary angiography.
Coronary angiography demonstrated significant CAD in
eight patients (50.0%) including three cases of single-ves-
sel disease, two cases of dual-vessel disease and three
cases of triple-vessel disease. Four patients underwent
revascularization (two PCl and two CABG), while the re-
maining four patients refused revascularization. Of the 37
patients who tested negative for ischemia on the cardiac
stress test, 29 underwent coronary angiography. Eight pa-
tients who tested negative for ischemia did not undergo

Table 2. Development of MACE based on cardiac stress tests and
coronary angiograms

Variable MACE No MACE P-value
Cardiac stress test 0.12
Ischemia 12 (30.8) 27 (69.2)
No Ischemia 29 (18.2) 130 (81.8)
Coronary angiography 0.01
Significant CAD 14 (51.9) 13 (48.1)
No significant CAD 7(19.4) 29 (80.6

Values are presented as number (%).
MACE, major adverse cardiovascular events; CAD, coronary artery
disease.

A 10- Survival function

< 0.84

2

2

3 0.6

o

=

5 04

£ Ischemia on

O (.2 {cardiac stress test
— 11 Negative
— 1 Positive

0 2 4 6 8 10 12
Time to MACE (yr)
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coronary angiography, including six patients who refused
and two who developed other contraindications for wait-
ing list placement. Coronary angiography demonstrated
significant CAD in 11 patients (37.9%) including five cases
of single-vessel disease, one case of dual-vessel disease,
and cases of triple-vessel disease. Seven patients under-
went revascularization (five PCI and two CABG), while the
remaining four patients did not undergo revascularization
at the discretion of the treating cardiologist.

In the analysis of the entire cohort (Table 2, Fig. 2),
ischemia on the cardiac stress test was not associated
with MACE (30.8% vs. 18.2%, P=0.12). More patients with
significant CAD on coronary angiography than those with-
out significant CAD developed MACE (51.9% vs. 19.4%,
P=0.01). Other factors associated with MACE (Table 3)
were older age, previous or current history of smoking,
diabetes mellitus, and revascularization. In the multivari-
able analysis (Table 4), only significant CAD on coronary
angiography remained associated with MACE (adjusted
hazard ratio, 2.81; 95% Cl, 1.02-7.70; P=0.05). Subgroup
analyses were not performed due to the limited sample
size.

Forty-five patients with ESKD due to diabetes mellitus
underwent both a cardiac stress test and a coronary an-
giogram. Of the 27 patients who tested negative for isch-
emia, 11 (37.9%) had significant CAD on coronary angiog-
raphy. Forty-three patients underwent both a myocardial
perfusion study and a coronary angiogram. The sensitiv-
ity of the myocardial perfusion study for significant CAD

Survival function

0.8

0.6 1

0.4
Significant CAD on
0.2 - coronary angiogram
— 11 Negative
—I1 Positive

0 2 4 6 8 10 12
Time to MACE (yr)

Cumulative survival

No. at risk No. at risk
Negative 159 120 94 61 21 8 1 Negative 158 117 90 59 23
Positive 39 26 16 12 9 4 1 Positive 27 21 15 " 6 3 0

Fig. 2. Kaplan-Meier survival curves for major adverse cardiac events of patients who underwent cardiac stress testing after referral for deceased donor
kidney transplant waitlist placement, comparing (A) positive versus negative for ischemia, (B) positive versus negative for significant coronary artery
disease. MACE, major adverse cardiovascular events; CAD, coronary artery disease.
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Table 3. Characteristics of patients who underwent cardiac stress testing
after referral for deceased donor kidney transplant waitlist placement
according to the occurrence or non-occurrence major adverse cardiac
events

_ MACE No MACE
Characteristic P-value
(n=41) (n=157)

Age (yr) 55(49-60) 52 (44-59) 0.04

Male 25(61.0) 82(52.2) 0.38

Ethnicity 0.56
Chinese 28(68.3) 115(73.2)

Malay 10 (24.4)  35(22.3)
Indian 3(7.3) 5(3.2)
Others 0 2(1.3)

Cause of ESKD 0.20
Glomerulonephritis 18 (43.9)  90(57.3)
Diabetes mellitus 17 (41.5)  36(22.9)
Hypertension 2 (4.9) 8 (5.1)

ADPKD 1(2.4) 8(5.1)
Others/unknown 3(7.3) 15(9.6)

Dialysis modality 1.00
Hemodialysis 34(82.9) 130(82.8)
Peritoneal dialysis 7(17.1)  27(17.2)

Dialysis vintage (yr) 1.5(0.4-6.2) 3.9(0.8-7.6) 0.13

Hypertension 38(92.7) 143(91.1) 1.00

Diabetes mellitus 22(53.7)  51(32.5) 0.02

Dyslipidemia 29(70.7)  95(60.5) 0.28

Current or past smoking 13(36.1)  28(19.4) 0.05

History of CAD 4(9.8) 9(5.7) 0.48

History of stroke 1(2.4) 3(1.9) 1.00

Ejection fraction <50% 8(23.5) 26(17.7) 0.82

Ischemia on the cardiac stress test 12(29.3) 27(17.2) 0.2

Significant CAD on coronary 14(34.1)  13(8.3) <0.001
angiography

Underwent revascularization 8(19.5) 9(5.7) 0.01

Values are presented as median (interquartile range) or number (%).
MACE, major adverse cardiovascular events; ESKD, end-stage kidney
disease; ADPKD, autosomal dominant polycystic kidney disease; CAD,
coronary artery disease.
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was 42.1%, while the specificity was 66.7%. The myo-
cardial perfusion study results were not associated with
the presence of significant CAD on coronary angiography
(P=0.75). Only two patients underwent both stress echo-
cardiography and coronary angiography, and an analysis
was not performed.

DISCUSSION

Over a median follow-up of almost 5 years, 20.7% of
our cohort developed MACE, including 2.5% who devel-
oped cardiovascular death. Amongst those who suffered
non-fatal events, 50% passed away within a median dura-
tion of less than 1.5 years. Of the patients who underwent
cardiac stress testing, 19.7% tested positive for ischemia,
out of whom 41.0% were found to have significant CAD on
coronary angiography. Amongst the patients with diabetic
kidney disease and negative cardiac stress tests, 37.9%
had significant CAD. Amongst the patients with signif-
icant CAD on coronary angiography, 51.9% developed
MACE during follow-up, compared to 19.4% for those
without significant CAD. Only significant CAD on coronary
angiography remained associated with the development
of MACE in the multivariable analysis.

Similar to previous studies, our study demonstrated
a significant cardiovascular disease burden in potential
kidney transplant recipients, with a sizeable proportion
developing MACE on follow-up. In a previous systematic
review, the pooled rates of MACE for cohorts who under-
went myocardial perfusion studies or dobutamine stress
echocardiography were 9.7% and 11.1%, respectively,
while the pooled rates of cardiovascular death were 7.8%
and 6.4%, respectively, with a high degree of heterogeneity
amongst the included studies [16]. Differences in study
designs, the prevalence of pre-existing cardiovascular

Table 4. Cox regression analysis of factors associated with major adverse cardiovascular events

Univariable model

Multivariable model

Variable -
HR 95% Cl P-value Adjusted HR 95% Cl P-value
Age, per year 1.04 1.01-1.08 0.02 1.03 1.00-1.07 0.09
Diabetes mellitus 1.69 0.91-3.13 0.10 1.32 0.61-2.83 0.48
Current or past smoking 1.99 1.01-3.93 0.05 1.43 0.70-3.04 0.36
Significant CAD on coronary angiography 2.93 1.53-5.60 0.001 2.81 1.02-7.70 0.05
Underwent revascularization 2.24 1.03-4.89 0.04 0.78 0.25-2.41 0.69

HR, hazard ratio; Cl, confidence interval; CAD, coronary artery disease.
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disease and cardiovascular risk factors, screening proto-
cols, treatment regimens, and the duration of follow-up
likely contribute to differences in MACE and cardiovascu-
lar death rates. In our cohort, the MACE rates may have
been higher despite a lower prevalence of pre-existing
cardiovascular disease at baseline, due to a higher pro-
portion of patients with diabetes mellitus and a longer
follow-up duration. Regardless, given the significant car-
diovascular burden amongst potential kidney transplant
candidates, it remains important to identify high-risk can-
didates to optimize risk, provide risk counselling to poten-
tial recipients and donors where appropriate, and improve
the allocation of scarce donor kidneys.

Our study suggests that significant CAD detected on
coronary angiography in asymptomatic ESKD patients
during the pretransplant evaluation may be associated
with poorer cardiovascular outcomes. Moreover, the as-
sociation remained significant after adjustment for car-
diovascular risk factors, such as age, history of smoking
and diabetes mellitus, and revascularization. Previous
studies and a systematic review have also demonstrated
that CAD detected on pretransplant cardiac screening can
be associated with poorer cardiovascular outcomes both
before and after kidney transplantation [16,17]. At the
same time, our results also highlight that MACE in the ab-
sence of CAD on coronary angiogram can be substantial.
Microvascular ischemia, volume overload, and arrhyth-
mias, likely attributable to ESKD and diabetes mellitus,
may contribute to the adverse cardiovascular outcomes
in these patients [1].

Conversely, our study did not demonstrate an associ-
ation between the results of cardiac stress tests and car-
diovascular outcomes. Numerous studies have attempted
to investigate the prognostic value of cardiac stress tests,
with mixed results [16]. However, it may be difficult to as-
certain the prognostic value of cardiac stress tests given
the effect of potential confounders, including differences
in pre-existing risk factors and the effects of treatment
after the cardiac stress test, such as revascularization
and more aggressive risk factor control. The accuracy
of cardiac stress tests in predicting angiographic CAD
amongst ESKD patients may be suboptimal [18,19].

In our study, patients with diabetic kidney disease un-
derwent coronary angiography prior to waitlist placement,
regardless of the stress test results, due to the require-
ments of the national transplant regulations. An analysis
of this subgroup demonstrated the suboptimal perfor-
mance of cardiac stress tests in detecting significant an-

www.ekjt.org
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giographic CAD. One proposed mechanism to explain the
limited accuracy of cardiac stress tests is that ESKD pa-
tients may be more likely to exhibit "balanced" ischemia
due to multivessel disease, which causes myocardial
perfusion studies to be misleadingly normal [20]. It is also
known that some stenoses that appear angiographically
significant may not have a functional effect on blood flow,
resulting in a normal stress test. As also shown in our
diabetic subgroup, patients with ischemia on the cardiac
stress test may have poorer outcomes, even if they test-
ed negative for significant CAD on coronary angiography,
and coronary microvascular ischemia may contribute to
this pattern [21]. Therefore, it is important for clinicians to
interpret the results of cardiac stress testing in ESKD pa-
tients with caution and to consider confirmatory coronary
angiography, particularly for high-risk patients.

Some have argued against pretransplant screening for
CAD in asymptomatic kidney transplant candidates given
the suboptimal accuracy and prognostic value of cardiac
stress tests in potential kidney transplant recipients [5].
Moreover, a previous randomized controlled trial and sys-
tematic review did not demonstrate an improvement in
outcomes for patients with advanced chronic kidney dis-
ease with abnormal cardiac stress tests who underwent
coronary angiography and revascularization compared to
optimal medical therapy [8,22]. This is potentially because
a significant proportion of ESKD patients experience
adverse cardiovascular outcomes secondary to mecha-
nisms other than CAD, such as arrhythmias from electro-
lyte abnormalities and volume overload [1]. Furthermore,
patients with kidney disease have a higher risk of compli-
cations during coronary angiography, such as acute kid-
ney injury or cholesterol embolism [23].

However, other studies have suggested that cardiac
stress test results can predict outcomes in patients at
lower risk of CAD and help avoid unnecessary coronary
angiography [13]. The lack of benefit for revasculariza-
tion may also be related to the poor accuracy of cardiac
stress tests in detecting obstructive CAD. This can occur
when the potential beneficial impact of revascularization
becomes diluted if a significant proportion of patients
undergoing coronary angiography for abnormal cardiac
stress tests do not actually require revascularization [8].
Improved screening strategies with better patient selec-
tion and the use of alternative screening modalities, such
as coronary computed tomography (CT) angiography and
positron emission tomography/CT myocardial perfusion
imaging may be useful, but more studies are needed to
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determine the optimal screening strategy [24,25].

Additionally, most current studies have a short dura-
tion of follow-up. Given that the prognostic performance
of pretransplant cardiac screening and benefits of revas-
cularization may be better demonstrated in studies with
a longer duration of follow-up [8,16], current studies may
not be adequate, especially for countries with prolonged
waiting times. It has also been suggested that patients
with severe ischemia on cardiac stress tests may still
benefit from revascularization [8]. Importantly, the opti-
mized control of cardiovascular risk factors in a clinical
trial may be difficult to replicate in real-world settings [26].
Therefore, there may still be value in coronary angiogra-
phy screening and subsequent revascularization for se-
lected potential transplant candidates. Interest has also
recently emerged in the use of fractional flow reserve to
guide revascularization, although more studies are need-
ed to evaluate its utility [27].

Although our study did not demonstrate associations
of age, diabetes mellitus, and history of smoking with
future cardiovascular events in the multivariable analy-
sis, these traditional risk factors likely remain important
during the cardiovascular risk assessment and manage-
ment of ESKD patients. Previous studies have shown
that these factors not only confer a risk of cardiovascular
complications in ESKD patients, but may also be more
prevalent amongst ESKD patients than in the general pop-
ulation [28,29].

Given its retrospective and single-center nature, the
current study is subject to confounding and its generaliz-
ability may be limited. Data on certain interventions (e.g.,
blood pressure control) and other cardiovascular risk fac-
tors (e.g., mineral bone disease) were not available. Ad-
ditionally, myocardial perfusion studies and stress echo-
cardiography were analyzed together despite possible
differences in test performance [11]. We were not able to
perform a subgroup analysis based on the type of stress
test due to the limited sample size. However, a recent
meta-analysis did not demonstrate the superiority of one
modality over another for predicting all-cause mortality,
cardiovascular mortality, and MACE [16]. Our protocol also
did not include alternative screening modalities such as
CT coronary angiography. Despite these limitations, the
present study is one of the few studies done in Asia with a
longer duration of follow-up. Of the 52 studies included in
a previous systematic review, only two studies had a me-
dian follow-up duration of 4 years or longer and only one
study was performed in Asia [16].
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In summary, there was a high cardiovascular bur-
den amongst ESKD patients on waitlist, leading to poor
pre- and posttransplant outcomes. Therefore, it remains
important to identify high-risk individuals to optimize
pretransplant risk and allocation of scarce donor kidneys.
While the performance of cardiac stress tests and the
optimal screening strategy may be unclear, pretransplant
cardiac screening may help identify patients with signif-
icant CAD, which can predict poorer outcomes amongst
ESKD patients on the kidney transplant waitlist. Further
studies are required to determine the optimal cardiovas-
cular screening strategy for potential kidney transplant
recipients [30].
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