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Chronic kidney disease (CKD) is highly prevalent

and affects close to 1 in 10 adults or over 500 million

people worldwide. In recent years, its prevalence has

been rapidly increasing due to rises in obesity and its

metabolic sequelae—diabetes mellitus.1 In patients with

CKD, cardiovascular disease remains the leading cause

of morbidity and mortality, likely due to a combination

of traditional cardiovascular risk factors (such as dia-

betes, hypertension, and hyperlipidemia) and non-

traditional risk factors (including inflammation, oxida-

tive stress, and disturbances in mineral bone

metabolism).1–5 Although CKD is considered a coronary

artery disease (CAD) risk equivalent,6,7 with a 15-30

times higher cardiovascular mortality compared to the

age-adjusted cardiovascular mortality rate in the general

population,8,9 our current means of non-invasive risk

stratification in this population remains problematic.

Conventional cardiac risk factors are less predictive,10

and the presence of typical symptoms (i.e., chest pain)

has poor sensitivity (65%) and specificity (66%) for

detecting CAD in CKD patients.11 As a result, non-in-

vasive stress testing is frequently utilized as a screening

modality for the detection of CAD in CKD patients.

However, compared to non-CKD cohorts, the accuracy

of non-invasive stress testing is also low.12

For CKD patients pursuing renal transplant, the

evaluation of myocardial ischemia prior to renal trans-

plant is generally considered a routine component of

pre-transplant evaluation.13–15 Currently, AHA/ACC

guidelines state that non-invasive stress testing may be

considered in kidney transplant candidates without

active cardiac conditions based on the presence of

multiple CAD risk factors, regardless of functional sta-

tus. Although the guidelines acknowledge that the

specific number of risk factors used to prompt testing is

not entirely clear, it is recommended that the presence of

three or more risk factors is reasonable to warrant testing

(Class IIb, Level of evidence C).16 Whether testing, or

more importantly, revascularization for an abnormal test

improves outcomes after renal transplant is

unknown.17,18

It is generally accepted that the risk of CAD is

higher among renal transplant patients compared to the

general population. Despite aggressive risk stratification

and presumably aggressive risk factor control prior to

renal transplant, cardiovascular disease remains the most

common cause of death following renal transplant with

nearly 40% of patients experiencing a cardiovascular-

related event within 36 months after renal trans-

plant.19,20 This has been attributed to higher comorbidity

burden but more importantly due to immunosuppressive

medications.21 However, the guidelines make no rec-

ommendations for the evaluation of obstructive CAD in

these patients after renal transplant, and there is little

consensus about the prognostic role of non-invasive

stress testing in these patients.22

In this issue of the journal, Abuzeid and colleagues

examined the prognostic value of post-transplant

myocardial perfusion single-photon emission computed

tomography (SPECT-MPI) in a cohort of patients who

had undergone renal transplant. From a total of 282 renal

transplant recipients, who underwent SPECT-MPI at a

single center in Toronto, Canada, at a median of

1.6 years after transplant and were followed for a
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median of 5.7 years, there were 126 (45%) cardiovas-

cular deaths or cardiovascular disease hospitalization

during the follow-up period. The yield from the stress

test was fairly high with abnormal summed stress score

(SSS) in 41% of patients, and abnormal summed dif-

ference score (SDS) in 31% of patients. More

importantly, a normal SPECT (SDS = 0) portended a

benign prognosis with a cardiac death rate of 0.4% and

an MI rate of 0.6%, rates that approach that of patients

without CKD. After adjustment for age, sex, prior

myocardial infarction, and cardiovascular risk factors,

both an abnormal SSS and an abnormal SDS correlated

with progressively increased risk of cardiovascular

outcomes in this post-transplant population. Specifically,

a higher SDS was a significant predictor of cardiovas-

cular outcomes with SDS 4-6 with adjusted hazards ratio

of 2.96 (95% CI 1.72, 5.09, P\ 0.001) and SDS C7

with 3.26 (95% CI 1.64, 6.50, P\0.001). Likewise, a

SSS 4-6 predicted increased cardiovascular death or

hospitalization with adjusted hazards ratio of 2.52 (95%

CI 1.51, 4.52, P = 0.002) and SSS C7 with 2.61 (95%

CI 1.52, 4.49, P\ 0.001).23 The authors concluded that

SPECT-MPI predicted cardiovascular outcomes in the

post-transplant population, and that this non-invasive

modality could be used for risk stratification and prog-

nostication. Other studies on this subject have yielded

variable results (Table 1).

One of the strengths of this study is that the authors

address a clinically relevant question in an area that

currently has little data to guide clinicians. However, as

a small, retrospective, observational study, it remains

underpowered to fully address the question. Addition-

ally, within the median time from renal transplant to

SPECT-MPI of 1.6 years, the authors report that only

19.9% (56 patients) had the test performed for evalua-

tion of symptoms (i.e., chest pain), while the majority

(80.1%, 226 patients) had SPECT-MPI performed in the

absence of symptoms.16 It is unclear what criteria clin-

icians used to determine the patient selection and timing

of cardiovascular screening in the asymptomatic group.

Importantly, only a minority (24%) of patients with an

abnormal SPECT-MPI (SSS [0, n=109) underwent

coronary angiography during the follow-up period. Of

these, only 62% (67 patients) were revascularized and

the authors do not report the coronary anatomy of the

patients who underwent coronary angiography nor

whether changes to their medical regimen were made.16

It is unclear why only 24% of those with an abnormal

SPECT-MPI underwent coronary angiography. It is

likely that the lack of symptoms and potential concerns

about the risk of contrast-associated acute kidney injury

(AKI) may be some of the driving factors for these low

rates,24 despite the fact that ultra-low volume contrast

protocols for percutaneous coronary intervention are

becoming increasingly popular with very low rates of

procedure-related AKI.25

Even if SPECT-MPI is able to provide prognostic

information and identify high-risk patients among the

post-renal transplant population, it is still unknown what

the optimal treatment strategy should be for these

patients. For clinicians, medical therapy often remains

challenging given the concern for worsening renal

function with administration of agents, such as angio-

tensin-converting-enzyme inhibitors (ACE-inhibitors) or

angiotensin receptor blockers (ARBs), as well as fears

about potential drug interactions. Moreover, with the

chronic use of immunosuppressive medications (i.e.,

prednisone and tacrolimus in particular), many of these

patients develop new-onset insulin resistance or expe-

rience progressively worsening glycemic control of their

existing diabetes.26 Revascularization strategies also

remain problematic as there is often clinical inertia to

avoid cardiac catheterization over concern for contrast-

associated AKI in patients with a transplanted kidney.

Historically, CKD, ESRD, and post-renal transplant

patients have been excluded from the major trials of

stable ischemic heart disease, leaving our current man-

agement practices based on data extrapolated from non-

CKD patients.27,28 Currently, the on-going, multi-center

International Study of Comparative Health Effectiveness

Table 1. Studies of non-invasive stress testing in post-renal transplant patients

Year n
% Abnormal

stress

% Underwent coronary
angiography (who had

abnormal stress)

Coronary
angiography

findings

Abuzeid et al.23 2016 282 41% abnormal SSS

31% abnormal SDS

24% 62% revascularized

Dussol et al.22 2004 97 12% 100% 41% coronary

stenosis[50%

Derfler et al.30 1991 23 39% Unknown Unknown
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with Medical and Invasive Approaches—Chronic Kid-

ney Disease (ISCHEMIA-CKD) trial seeks to determine

the optimal approach for stable ischemic cardiovascular

disease in patients with advanced CKD (eGFR \30 or

on hemodialysis). CKD patients with an abnormal stress

test will be randomized to either an invasive strategy of

cardiac catheterization with revascularization and opti-

mal medical therapy or to a conservative strategy of

optimal medical therapy alone.29 This trial will offer

better insight into the management of this high-risk

population that has been historically underrepresented.

In conclusion, Abuzeid and colleagues present

interesting and thought-provoking findings, raising the

question of whether SPECT-MPI should be used in the

post-transplant population for risk stratification and

prognostication for cardiovascular disease. As little is

known about the role of cardiovascular screening and

optimal treatment strategies in this high-risk population,

this study will hopefully begin the dialogue for future

studies and discussion.
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