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Abstract

Purpose of Review Patients with end-stage renal disease
(ESRD) have an increased risk of cardiovascular morbidity
and mortality. Cardiac risk assessment, though challenging,
is critical in these high-risk patients, particularly in the pre-
transplant population. In this review, we discuss the burden of
coronary artery disease in the ESRD population and review
the literature on the diagnostic and prognostic performance,
clinical value, and future directions of single-photon emission
computed tomography (SPECT) myocardial perfusion imag-
ing (MPI) in ESRD patients.

Recent Findings Stress myocardial perfusion imaging pro-
vides incremental prognostic value to clinical data. The
American Heart Association/American College of
Cardiology Foundation consensus statement on the cardiac
assessment of kidney transplant candidates provides some
guidance on the selection of asymptomatic patients for further
non-invasive risk stratification. Additionally, the novel selec-
tive A, receptor-agonist vasodilator stress agent,
regadenoson, is safe and effective in ESRD and has recently
been approved by the Food and Drug Administration for use
in this population. Ancillary stress MPI findings, namely heart
rate response to vasodilator stress, can provide incremental
risk stratification.
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Summary While myocardial perfusion imaging is widely used
as a risk assessment tool, its utilization and clinical implica-
tions in the ESRD population are controversial. Though stress
SPECT-MPI has imperfect diagnostic accuracy in this specific
patient population, it is still a valuable non-invasive modality
in cardiovascular risk assessment.
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Introduction

Cardiovascular mortality accounts for more than 40% of
deaths in patients with end-stage renal disease (ESRD) [1,
2]. Multiple prospective cohort studies have shown an inverse
relationship between declining renal function and coronary
artery disease (CAD) risk in patients with advanced (stages
3-5) chronic kidney disease (CKD) and those on dialysis.
ESRD patients have cardiovascular event rates that are three
times higher than those with normal renal function [2, 3].
Furthermore, the presence of ESRD portends a worse short-
and long-term prognosis for many common cardiovascular
conditions. In particular, dialysis patients who present with
acute coronary syndrome have a twofold higher incidence of
in-hospital mortality and recurrent myocardial infarction com-
pared with the non-dialysis population [4]. Consequently,
CKD has been recognized as an independent risk factor for
cardiovascular disease, and several professional societies, in-
cluding the American College of Cardiology Foundation
(ACCF) and American Heart Association (AHA), have ac-
cepted it as a coronary disease risk equivalent [5].

For ESRD patients who undergo renal transplantation, their
high cardiovascular risk follows them into the post-transplant
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period. Almost half of the deaths occurring within 30 days
post-transplant are due to acute myocardial infarctions [6].
Additionally, in patients with functioning allografts, cardio-
vascular death is the most common cause of mortality at all
times after transplantation, occurring in 36% of patients within
10 years of transplantation [6].

Given the high cardiovascular risk associated with ESRD,
enhanced risk stratification is greatly needed not only for gen-
eral assessment of CAD in ESRD patients but also in asymp-
tomatic patients who are being evaluated for kidney transplan-
tation. The body of literature regarding the utility of single-
photon emission computed tomography-myocardial perfusion
imaging (SPECT-MPI) in this population is evolving. ESRD
patients represent a special population in terms of underlying
cardiovascular risk, challenges in SPECT-MPI performance
and interpretation, and the role this stress modality plays in
future risk prediction.

Cardiovascular Risk Stratification for ESRD Patients

The high cardiovascular disease risk in patients with ESRD
has largely been attributed to shared traditional risk factors
such as diabetes mellitus, hypertension, sedentary lifestyle,
smoking, family history, and dyslipidemia; however, these
risk factors do not fully account for the frequency and severity
of cardiovascular events in ESRD patients. Non-traditional
risk and exacerbating factors such as increased inflammatory
markers, endothelial dysfunction, volume overload, abnor-
malities in mineral metabolism, anemia, oxidative stress, au-
tonomic imbalance, and the state of undergoing peritoneal or
hemodialysis have been identified as possibly creating a mi-
lieu which promotes accelerated atherogenesis and adverse
outcomes in ESRD patients [2, 7-9]. Unfortunately, most
CAD risk prediction tools, including Framingham, Adult
Treatment Panel-III (ATP-IIT), and Atherosclerotic
Cardiovascular Disease (ASCVD), do not account for the high
event rates in ESRD patients and may underestimate risk by as
much as 50% in this patient population [10, 11].

The inability of traditional risk assessment indices to accu-
rately estimate risk in ESRD patients is particularly relevant in
the evaluation of renal transplant candidates. Though renal
transplant has the highest associated survival of all renal re-
placement therapies, transplant recipients still have a high
mortality rate when compared to the general population [12].
Since available organs are greatly limited, it is imperative that
the selection of candidates takes into account an accurate es-
timation of perioperative and long-term cardiovascular risk.
However, using stress testing, including stress MPI, for
CAD surveillance in asymptomatic ESRD patients being con-
sidered for kidney transplantation is controversial.
Acknowledging this controversy and the fact that the periop-
erative guidelines for non-cardiac surgery are not adequate for
this unique population, the AHA/ACCEF put forth a consensus
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scientific statement on the evaluation and management of car-
diac disease in transplant candidates [13¢¢]. The AHA/ACCF
statement proposed that non-invasive testing is “reasonable”
in asymptomatic kidney transplant candidates with “multiple”
risk factors (Class IIb—Ilevel of evidence C). Risk factors
specifically proposed for this population include age
>60 years, hypertension, diabetes, dyslipidemia, smoking,
cardiovascular disease, dialysis >1 year, and left ventricular
hypertrophy. The statement indicates that “the specific num-
ber of risk factors that should be used to prompt testing re-
mains to be determined, but the committee considers >3 to be
reasonable” [13¢¢]. A recent study validated the risk factors
proposed by the AHA/ACCF statement and confirmed that
having three or more of these risk factors in asymptomatic
kidney transplant candidates is associated with increased risk
of obstructive CAD as well as post-operative and long-term
major adverse cardiac events (MACE) following transplant.
The study also confirmed that three or more of these risk
factors is an effective threshold to use in order to derive a
significant incremental predictive value from stress MPI in
this population [14].

Selection of Stress Modality in ESRD

Cardiovascular testing in ESRD patients is challenging due to
limitations of available imaging modalities. ESRD patients
tend to have a high burden of coronary artery calcification
which can cause significant artifact affecting interpretation
of coronary computed tomographic angiography (CTA).
Though the risk of contrast-induced nephropathy is an impor-
tant consideration in CKD patients, including those in stage 5
(glomerular filtration rate <15 ml/min/1.73 m?), this risk is not
as relevant in ESRD patients on dialysis. On the other hand,
the risk of gadolinium toxicity causing nephrogenic systemic
fibrosis does restrict the use of cardiac magnetic resonance
perfusion imaging in this patient population.

In terms of provocative stress testing, a significant propor-
tion of ESRD patients cannot exercise due to baseline poor
functional capacity and mobility-limiting comorbid condi-
tions, such as peripheral arterial disease or diabetic or uremic
neuropathy. Additionally, the frequent comorbidity of uncon-
trolled hypertension (primary or secondary) can limit the abil-
ity to complete a maximal symptom-limited exercise stress
test. Moreover, left ventricular hypertrophy is highly prevalent
in this population due to underlying primary or secondary
systemic hypertension, thus limiting the diagnostic utility of
ST-segment changes in discerning stress-induced myocardial
ischemia [15, 16].

Vasodilator and catecholamine pharmacologic stress agents
are most widely used in this patient population; however,
though their use is thought to be safe in ESRD patients, both
have limitations. As with exercise, dobutamine use is fre-
quently limited by a hypertensive response which can hinder
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administering doses necessary to achieve a target heart rate.
Thus, vasodilator stress with adenosine receptor agonists is
commonly used in the ESRD population [17]. Older vasodi-
lator agents, such as adenosine and dipyridamole, are not
renally metabolized and can be safely used in ESRD patients.
In recent years, regadenoson, a novel A,, receptor-agonist
vasodilator, has become the most commonly used pharmaco-
logic stress agent in the USA owing to favorable tolerability,
ease of use as a fixed-dose bolus injection, and safety profile
in patients with reactive airway disease [18, 19]. However,
regadenoson is predominantly cleared by the kidneys (57%),
and its triphasic half-life as well as a 2-h terminal elimination
phase results in ESRD patients having reduced clearance and
longer exposure to the drug [20]. More recently, in an in vitro
dialysis model, it has been shown that hemodialysis enhances
the clearance of regadenoson. However, this clearance is mod-
est relative to total body clearance and is unlikely to produce a
clinically significant effect [21]. Nonetheless, retrospective
and prospective studies have shown that, other than an in-
crease in gastrointestinal side effects, regadenoson is safe
and tolerable in patients with ESRD (Fig. 1) [22, 23ee].
Moreover, regadenoson-related side effects, including gastro-
intestinal symptoms, can be avoided or abated with the use of
low-dose (75 mg) intravenous aminophylline administered at
least 90-120 s after stress radioisotope injection [24-26].
Administering aminophylline to prevent or treat
regadenoson-related adverse effects has been shown to have
no demonstrable effect on the burden of regadenoson-induced
myocardial ischemia detected by SPECT-MPI [27].
Therefore, regadenoson is safe and generally well-tolerated
in ESRD patients, and in January 2017, was approved by the
Food and Drug Administration (FDA) for use in patients with
ESRD [28].

Diagnostic Accuracy of SPECT-MPI in ESRD

Much of'the data related to diagnostic performance of SPECT-
MPI in ESRD comes from patients being evaluated for kidney
transplantation. As shown in Table 1, pooled data from mul-
tiple small studies assessing the diagnostic accuracy of stress
SPECT-MPI in ESRD patients undergoing kidney transplant
evaluation showed 67% sensitivity and 77% specificity for
detection of significant CAD, defined as >70% diameter ste-
nosis [29-36]. In a study of 138 pre-transplant candidates and
using a more lenient definition of significant CAD, defined as
>50% diameter stenosis, Winther et al. found the sensitivity
and specificity of SPECT-MPI to be 53% and 82%, respec-
tively [37]. The reason for the relatively low diagnostic per-
formance of SPECT-MPI in this population is multifold. First,
ESRD patients have a predisposition for particular hemody-
namic and anatomic abnormalities which could impair diag-
nostic accuracy. For instance, the presence of significant left
ventricular hypertrophy can compromise the detection of

small or mild perfusion defects, decreasing the sensitivity of
SPECT-MPI [38]. Also, left ventricular hypertrophy and a
large left ventricular cavity, due to a chronic volume overload
state caused by systemic shunting by an arteriovenous fistula
created for hemodialysis access, can increase attenuation de-
fects in the inferior wall. Figure 2 illustrates an example of
SPECT-MPI from a patient with ESRD on long-standing he-
modialysis highlighting left ventricular hypertrophy, enlarged
left ventricular cavity, and prominent inferior wall attenuation,
but normal left ventricular ejection fraction and myocardial
perfusion.

A hypertensive response to stress can also result in transient
ischemic dilatation and perfusion defects in the absence of
epicardial coronary stenosis [39, 40]. Additionally, endothelial
dysfunction in the absence of epicardial coronary disease, a
well-described finding in diabetic patients with ESRD, could
decrease the specificity of SPECT-MPI [41]. Moreover, vol-
ume overload may lead to elevated background activity from
increased lung uptake of the radioisotope which may degrade
image quality from decreased signal-to-noise ratio. Notably,
most published reports describing the diagnostic performance
of SPECT-MPI in the ESRD population are older studies,
predating recent advancements in SPECT technology and
the introduction of modern attenuation correction tools which
may now mitigate some of these barriers to diagnostic accu-
racy. Hybrid imaging techniques, such as coronary CTA/
SPECT, have been shown to enhance diagnostic performance
beyond either modality alone in renal transplant patients [37].
While the advantage of positron emission tomography (PET)
as compared to SPECT-MPI has been well documented in the
general population [42], the diagnostic accuracy of PET-MPI
specifically in ESRD patients has not been reported in the
literature.

Prognostic Value of SPECT-MPI in ESRD

The prognostic value of SPECT-MPI in ESRD patients has
been demonstrated in multiple investigations. Several studies
have shown renal dysfunction to be an important independent
risk predictor of MACE, and stress SPECT-MPI, with exercise
or vasodilator stress agents, has proven to provide robust
prognostication across the entire spectrum of renal function,
including ESRD [43ee, 44-46]. Hage et al. [45] retrospective-
ly studied the prognostic performance of regadenoson
SPECT-MPI in 1400 patients, 26% of whom had ESRD.
Findings not only showed that regadenoson SPECT-MPI pro-
vides powerful prognostic information that can aid in clinical
decision-making, but also the burden of perfusion deficit on
MPI was a predictor of adverse cardiac events, independent of
ESRD status and other clinical covariates [45]. Similarly,
Hakeem et al. [43<] found that in patients (N = 1652) who
underwent stress MPI (36% exercise, 63% adenosine), wors-
ening renal function, including ESRD, and perfusion defect
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Fig. 1 Rates of adverse effects within 24 h of regadenoson use in ESRD
patients versus controls. SPECT single-photon emission computed
tomography, ESRD end-stage renal disease. Controls were patients with

burden on MPI were found to be independent predictors as
well as have an additive value in risk prediction of cardiac
death and all-cause mortality.

Though these investigations included ESRD patients, they
did not exclusively study the value of SPECT-MPI in this
specific patient population. There have been a few small stud-
ies which have looked into the value of SPECT-MPI in ESRD
patients at the initiation of hemodialysis, and these studies
have consistently shown the presence of myocardial perfusion
defects to be an independent predictor of MACE [47-49].
Most existing data evaluating the prognostic performance of
SPECT-MPI in ESRD patients are derived from investigations
in those undergoing pre-transplant evaluation. Venkataraman
et al. [50] demonstrated, in ESRD patients undergoing pre-
transplant evaluation, a significant incremental prognostic val-
ue of dipyridamole stress SPECT-MPI, outperforming inva-
sive coronary angiography data alone. More recently, in a
prospective evaluation of 303 ESRD patients undergoing
regadenoson SPECT-MPI, most of which were performed as
part of a pre-transplant evaluation, worsening perfusion
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glomerular filtration rate >30 ml/min/1.73 m?. Reproduced from Doukky
et al. J Nucl Cardiol. 2013;20(2):205-201, with permission [23]

abnormalities and regadenoson-induced myocardial ischemia
were associated with a stepwise increase in MACE rates
(Fig. 3) [46]. Moreover, abnormal MPI and myocardial ische-
mia were associated with nearly twice the risk of MACE, even
after adjusting for important clinical covariates [46].

Notably, patients with normal MPI findings but with CKD,
including ESRD, have been shown to have a significantly
higher cardiac death rate than those with normal MPI and
normal renal function (2.7 vs. 0.8% per year) [38]. Similarly,
in an exclusive cohort of ESRD patients, the rate of cardiac
death or MI in patients with a normal MPI was considerable at
4.9% per year [46]. This is certainly a deviation from the well-
established low (<1%) annual MACE risk in patients with
normal MPI reported in the general population [51, 52]. This
is due to high baseline risk of MACE in the ESRD population,
such that even those with normal MPI continue to have a
relatively high risk in adherence with the principle of Bayes
theorem. Elevated risk in patients with normal MPI has been
demonstrated in other high-risk populations, such as those
with known CAD, diabetics, the elderly, and patients unable

Table 1. Diagnostic accuracy of
stress SPECT myocardial
perfusion imaging for coronary
artery disease (>70% stenosis) in

ESRD patients undergoing
transplant evaluation

Study, year Number Prevalence SN SP PPV NPV
(%) (%) (%) (%) (%)
Boudreau et al. [29] 53 86 79 82 83
De Lima et al. [30] 41 35 76 49 68
Garcia-Canton et al. [31] 44 92 80 79 92
Gowdak et al. [32] 63 62 62 73 50
Marwick et al. [33] 31 29 71 31 69
Vandenberg et al. [34] 39 63 76 63 76
Worthley et al. [35] 38 87 88 81 92
Pooled analysis (7 studies) 50 67 77 70 69

SPECT single-photon emission computed tomography, ESRD end-stage renal disease, Number number of patients
in the study, SN sensitivity, SP specificity, PPV positive predictive value, NPV negative predictive value

Adapted from Wang et al. Cochrane Database Syst Rev. 2011 Dec 7(12), with permission [36]
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Fig. 2 Normal SPECT myocardial perfusion imaging in a patient with
ESRD undergoing a transplant evaluation. SSS summed stress score, SDS
summed rest score, 7/D transient ischemic dilation, LVEF post-stress
gated SPECT left ventricular ejection fraction, LVEDVi left ventricular
end-diastolic volume indexed to the body surface area, LVM left
ventricular mass, LVMi left ventricular mass index. Rest-vasodilator
stress **™Tc-tetrofosmin SPECT myocardial perfusion imaging for pre-
transplant evaluation of a 39-year-old African-American man with ESRD
on hemodialysis; his electrocardiogram met criteria for left ventricular

to perform any level of exercise during stress MPI [53, 54].
Thus, ESRD patients who are at significant risk despite a
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hypertrophy. As shown, myocardial perfusion and left ventricular
systolic function were normal. Note left ventricular dilatation
(LVEDVi = 84 ml/m?; normal is <75 ml/m? for a male) and increased
left ventricular mass index (LVMi = 119 g/mz; normal <115 g/mz for a
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diaphragmatic attenuation and/or left ventricular enlargement caused by
systemic shunting (arterial-venous fistula used for dialysis). Reproduced
from Parikh et al. J Nucl Cardiol. 2015 Apr;22(2):282-296, with
permission [17].

normal exercise or vasodilator stress MPI may benefit from
additional risk stratification derived from ancillary
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Fig. 3 Impact of regadenoson-induced perfusion abnormalities on
cardiac outcomes in ESRD patients. The figure depicts Kaplan-Meier
survival plots for cumulative event rates. ESRD end-stage renal disease,
CD cardiac death, MI myocardial infarction, CR coronary

revascularization, Late CR coronary revascularization occurring
>90 days post-MPI, SSS summed stress score, SDS summed difference
score. Reproduced from Doukky et al. J Nucl Cardiol 2015; DOI: 10.
1007/s12350-015-0303-4 [46]
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electrocardiographic or MPI findings such as heart rate re-
sponse (HRR) to vasodilator stress and mechanical
dyssynchrony.

Ancillary MPI Findings

Heart rate is expected to increase during vasodilator stress;
HRR to stress is commonly calculated as [(peak heart rate —
baseline heart rate) + baseline heart rate] [55]. A blunted HRR
to vasodilator stress (<28% for regadenoson and <20% for
adenosine) during SPECT-MPI was shown to be a strong
and independent predictor of death and cardiac events in
ESRD patients [56, 57¢¢]. Additionally, the integration of
HRR and MPI findings improved risk stratification in a step-
wise fashion, with a normal HRR and normal MPI identifying
a truly low-risk group, while an abnormal HRR identified
elevated risk even in patients with normal MPI, as shown in
Fig. 4. These findings were consistent even after adjusting for
relevant covariates [58]. In asymptomatic ESRD patients un-
dergoing kidney transplant evaluation, the value of pre-trans-
plant HRR in predicting perioperative and long term outcomes
following kidney transplant needs to be investigated.

Another emerging prognostic tool is left ventricular
dyssynchrony by phase analysis of gated SPECT-MPI which,
when studied in a cohort of pre-transplant ESRD patients, was
shown to predict mortality independent of MPI abnormalities
and left ventricular dysfunction [59, 60].

Serial Testing

While normal MPI in low-risk patients predicts low annual
MACE rates for several years following MPI, high-risk pa-
tients, such as the elderly, patients with known CAD, dia-
betics, those undergoing vasodilator stress, and CKD/ESRD
patients have been shown to have an accelerated increase in
annual risk [38, 46, 53, 54]. In these populations, reassessment
of risk with serial testing has been suggested, though contro-
versial. In ESRD patients, ischemic symptoms may be con-
founded by symptoms which may be attributed to a state of
chronic volume overload, such as decreased exercise tolerance
and dyspnea on exertion; also, the frequent comorbidity of
diabetes may result in “silent” ischemia or atypical symptoms.
Moreover, multiple inflammatory factors and the altered he-
modynamic state during hemodialysis and peritoneal dialysis
can cause accelerated progression of CAD [61]. Therefore, the
question has been posed as to whether surveillance ischemia
evaluation would be beneficial in asymptomatic ESRD pa-
tients. This is particularly relevant to renal transplant candi-
dates who have prolonged wait times for an organ (median
3.6 years). Considering that many of these patients have base-
line high risk from multiple comorbidities combined with the
risk of accelerated atherogenesis with maintenance dialysis,
CAD severity may progress from their initial cardiovascular

@ Springer

risk assessment to the time of organ availability [17].
Unfortunately, only a limited number of studies have ad-
dressed the utility of serial testing to better predict cardiovas-
cular outcomes in this population.

El-Hajj et al. [62] investigated a cohort of high-risk patients
(N = 698), 21% of whom had ESRD, and the indication for
20% of the initial MPI studies were pre-transplant or pre-
operative evaluation. The authors found that changes in per-
fusion defect size and left ventricular ejection fraction (LVEF)
in serial regadenoson MPI studies done within 16 + 9 months
provided incremental prognostic information [62]. Similarly,
in a cohort of 656 asymptomatic ESRD patients who
underwent two consecutive stress SPECT-MPI studies (mean
interval 19 months), there was a stepwise increase in new or
worsening MPI findings (increase in total perfusion deficit
>5%) with prolonging time intervals between MPI studies.
Moreover, an increase in total perfusion deficit by 5% or more
was associated with the composite outcome of death or MI,
irrespective of whether the initial MPI was normal or abnor-
mal [63]. However, Gill et al. [64], who specifically studied
ESRD patients awaiting renal transplantation (N = 604) in
Canada, found that cardiovascular risk remained relatively
unchanged over a 3-year period. Though cardiovascular risk
did increase dramatically during the post-transplantation peri-
od, results of non-invasive testing prior to transplantation
(mostly SPECT-MPI) were not predictive of post-operative
cardiac events. Of note, the patient population was relatively
young (48 £ 13 years) with relatively low rates of significant
comorbidities (20% diabetes mellitus, 13% ischemic heart
disease); therefore, these results may not be relevant in higher
risk patients, particularly those “too sick” to be considered for
transplantation [64]. Currently, the AHA/ACCF consensus
statement states that the usefulness of periodically screening
for myocardial ischemia in asymptomatic kidney transplanta-
tion candidates while on the transplant waiting list to reduce
the risk of MACE is uncertain (Class ITb—Ievel of evidence
C) [13¢¢]. Clearly, more research is needed in this domain.

Coronary Angiography

Acknowledging the lower diagnostic performance of non-
invasive stress testing in ESRD patients, several studies
have sought to answer the question as to whether coro-
nary angiography would be a better predictor of cardiac
events in certain high-risk subgroups of this population,
particularly as it relates to post-transplant survival. De
Lima et al. [30] studied moderate (age >50 years) or
high-risk (presence of diabetes, angina, prior MI or stroke,
left ventricular dysfunction, or extracardiac atherosclero-
sis) ESRD patients on dialysis (N = 126) who were renal
transplant candidates. All patients underwent
dipyridamole SPECT-MPI, dobutamine stress echocardi-
ography, and coronary angiography. Not only did invasive
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testing have a higher diagnostic performance than non-
invasive modalities, multivariate analysis showed that
the sole predictor of cardiac events at a follow-up of
26 months was angiographic evidence of coronary steno-
sis >70% [30]. Based on these findings, Gowdak et al.
[65] aimed to prospectively test certain high-risk clinical
features to identify renal transplant candidates who may
benefit from direct invasive coronary angiography rather
than first undergoing non-invasive risk stratification. The
presence of diabetes, peripheral arterial disease, and prior
myocardial infarction were independently associated with
angiographically significant CAD, and the composite in-
cidence of fatal/nonfatal MACE increased almost twofold
in patients with diabetes, fourfold in patients with periph-
eral arterial disease, and sixfold in patients with prior MI
[65]. Recently, Mann et al. [66] studied high-risk renal
transplant candidates (N = 225) defined by the presence
of diabetes, known CAD, peripheral arterial disease, or
ischemia on MPI. Coronary angiography revealed signif-
icant CAD in 47% of high-risk patients; furthermore, per-
cutaneous or surgical revascularization in patients with
>70% coronary stenosis resulted in reduced mortality both
for those on the waiting list and for those who underwent
renal transplantation [66].

While the findings in these studies suggest that coronary
angiography in select, high-risk patients may provide a
more accurate assessment of cardiac risk, results from other
studies have failed to show benefit in a strategy of direct
invasive testing. Hage et al. [67¢¢] found that the presence
and severity of angiographically defined CAD was not pre-
dictive of mortality in pre-transplant patients. Interestingly,
in a recent study, De Lima et al. [68] found that while an-
giographically defined CAD identified patients at increased

risk of post-transplant cardiac events, there was no differ-
ence in survival between patients with and those without
significant CAD. Since these are observational non-
controlled studies, the bias involved in selecting patients
for coronary angiography and revascularization cannot be
overstated. Only randomized, strategy-based clinical trials
can adequately address the role of initial coronary angiog-
raphy and revascularization.

Coronary Revascularization

While cardiovascular risk assessment strategies in ESRD pa-
tients and transplant candidates have been a focus of investi-
gation, the inevitable questions follow—does coronary revas-
cularization modify cardiovascular risk in ESRD patients?
How should risk inform clinical decision-making, particularly
when choosing candidates for renal transplantation?

When surgical or percutaneous coronary revascularization
is indicated based on clinical practice guidelines, the outcomes
for ESRD patients are associated with a more modest benefit
and a higher complication rate than in patients with normal
renal function [69].

Outcome studies on prophylactic coronary revasculari-
zation in the ESRD and pre-transplant population are
scarce. In one study of high-risk, asymptomatic ESRD pa-
tients (N = 165) who underwent non-invasive cardiac risk
stratification by stress MPI at the initiation of dialysis, re-
vascularization failed to improve cardiac event-free surviv-
al at a follow-up of 47 months [47]. Similarly, outcomes for
prophylactic revascularization in renal transplant candi-
dates in several observational studies have not shown any
survival benefit compared with those patients who do not
undergo revascularization, except for significant left main
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or severe three-vessel CAD [67¢, 70]. Alternatively, a
single-center observational study of 657 transplant candi-
dates found that patients with significant CAD who
underwent revascularization followed by transplantation
had a survival advantage over patients who declined revas-
cularization. However, definitive conclusions cannot be
drawn from this study due to confounding bias associated
with selection to angiography and refusal of revasculariza-
tion in a population perceived to be at high risk, thus select-
ed for coronary angiography and recommended to have a
revascularization [71].

In the absence of robust controlled prospective data evalu-
ating the benefit of prophylactic revascularization in ESRD
pre-transplant patients, conclusions can only be extrapolated
from studies which have investigated a prophylactic revascu-
larization strategy in other high-risk groups, such as patients
with known CAD undergoing vascular surgery. Patients with
asymptomatic ischemia do not appear to benefit from prophy-
lactic pre-operative coronary revascularization in the absence
of high-risk anatomy (significant left main disease or three-
vessel disease with left ventricular dysfunction) in which re-
vascularization may result in a survival advantage [72].

Future Directions

Considering the relatively limited diagnostic performance of
SPECT-MPI in ESRD patients, there is scope for further in-
vestigation on optimizing risk assessment using modern im-
aging techniques and hybrid modalities. The role of PET-MPI,
which has not been widely studied in the ESRD population, as
well as enhancing diagnostic performance with hybrid modal-
ities such as PET/CTA and SPECT/CTA are promising sub-
jects of future studies. Moreover, improving clinical risk as-
sessment in this population is also needed; as in any popula-
tion, pre-test clinical assessment is paramount to identify ap-
propriate candidates for MPI and determine post-test risk.
Furthermore, currently available methods need to be built up-
on in order to better predict post-transplant survival. More
data is needed to inform us of not only whether stress MPI
is useful in diagnosis and risk stratification, but more impor-
tantly, whether it can guide decision-making in order to im-
prove the outcome of ESRD patients, whether they undergo
transplant or remain on maintenance dialysis therapy.

Conclusions

ESRD patients have a considerably increased risk of cardiac
events including cardiovascular mortality compared to the
general population; this fact is of particular significance in
transplant candidates in the setting of scarcity of available
organs. Stress MPI, particularly vasodilator stress, is well-
suited to evaluate CAD in this population. The novel selective

@ Springer

A, A receptor agonist vasodilator stress agent, regadenoson, is
safe and effective in ESRD and is now FDA approved.
Though stress SPECT-MPI has imperfect diagnostic accuracy
in this specific patient population, it is still a valuable non-
invasive modality in cardiovascular risk assessment.
Moreover, ancillary stress MPI findings, namely HRR to va-
sodilator stress, can provide incremental risk stratification.
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