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Background. The prognostic value of regadenoson SPECT myocardial perfusion imaging
(MPI) has not been specifically studied in patients with end-stage renal disease (ESRD).

Methods and Results. We prospectively followed ESRD patients enrolled in the ASSUAGE
and ASSUAGE-CKD trials in which they received regadenoson-stress **™Tc-tetrofosmin SPECT-
MPI. Images were semiquantitatively analyzed by an investigator blinded to clinical and outcome
data. Patients were followed for cardiac death, myocardial infarction (MI), and coronary
revascularization (CR). Revascularizations occurring >90 days post-MPI were considered ‘‘late”’
events. Survival analysis was performed using Cox regression models, adjusting for age, gender,
diabetes, dyslipidemia, smoking, and known coronary artery disease. We analyzed 303 patients
(mean age 54 years; 64% men), who were followed for 35 + 10 months. Adjusting for clinical
covariates, abnormal regadenoson-stress MPI (SSS = 4) was associated with increased risk of the
composite of cardiac death or MI (23.9% vs 14.4%; HR 1.88; CI 1.04-3.41; P = .037) and the
composite of cardiac death, MI, or late CR (27.3% vs 16.7%; HR 1.80; CI 1.03-3.14; P = .039).
Adjusting for clinical covariates, regadenoson-induced myocardial ischemia (SDS = 2) was
associated with increased rate of the composite endpoint of cardiac death, MI, or CR (33.3% vs
16.9%; HR 1.97; CI 1.19-3.27; P = .008).

Conclusion. Regadenoson-stress SPECT-MPI provides a significant prognostic value in
patients with ESRD. ESRD patients with normal SPECT-MPI have relatively high adverse event
rates. (J Nucl Cardiol 2017;24:112-8.)
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Abbreviations SDS Summed difference score
CAD Coronary artery disease SPECT  Single-photon  emission computed
CR Coronary revascularization tomography
ESRD  End-stage renal disease SSS Summed stress score
LV Left ventricular TID Transient ischemic dilation
MI Myocardial infarction
MPI Myocardial perfusion abnormality
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BACKGROUND

Myocardial perfusion imaging (MPI) with single-
photon emission computed tomography (SPECT) is a
pivotal tool in the assessment and management of patients
with known or suspected coronary artery disease (CAD)."
In the U.S., more than 50% of all stress MPI studies are
performed with pharmacologic stress agents.’ Nearly 80%
of pharmacologic SPECT-MPI studies are conducted with
regadenoson, a selective A, adenosine-receptor agonist.4
Regadenoson is partially metabolized by the kidneys
(57%). Although regadenoson is not FDA approved for
patients with ESRD, it is commonly used off-label with a
good safety and tolerability profile.”® The prognostic
value of regadenoson-stress MPI is well established.” '
Bahtti et al demonstrated the prognostic value of regade-
noson-stress in patients with chronic kidney disease, but
their study included a limited number of patients with
ESRD.” Hage et al established the prognostic value of
regadenoson-stress MPI in all-comers, among whom 26%
had ESRD.!' To date, however, the prognostic value of
regadenoson has not been specifically addressed in ESRD
patients. This is important since patients with ESRD are at
increased risk of adverse cardiac events,”!! and thus may
benefit from additional risk stratification. On the other
hand, if risk of adverse events in ESRD population is high
despite normal MPI, the utility of MPI in clinical decision-
making may be limited. Moreover, ESRD patients being
evaluated for kidney transplantation often undergo
vasodilator stress SPECT-MPI; the clinical utility of such
testing is controversial.*'* In this study, we sought to
investigate the prognostic utility of regadenoson-stress
SPECT-MPI in ESRD patients.

METHODS

The study population consisted of patients with ESRD
enrolled in the ASSUAGE and ASSUAGE-CKD'>'® trials
who were followed prospectively until February 2015. The
detailed methods and results of these trials were reported
elsewhere.'>'® Briefly, ASSUAGE and ASSUAGE-CKD were
two double-blinded, placebo-controlled clinical trials in which
patients referred for regadenoson-stress SPECT-MPI were
randomized in a 1:1 ratio to receive an intervention of 75 mg
of intravenous aminophylline or a matching placebo adminis-
tered 90 s after radioisotope injection. The aim of these studies
was to determine whether regimented aminophylline admin-
istration could attenuate the side effect profile of regadenoson.
The studies demonstrated substantial reduction of gastroin-
testinal and other regadenoson-related side effects with
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aminophylline use. The ASSUAGE trial enrolled 248 patients
(November 2010-February 2011), and the ASSUAGE-CKD
trial enrolled 300 patients (June 2011-May 2012). The trials
were identical in design and methods except that the
ASSUAGE trial was open for all-comers regardless of kidney
function, while the ASSUAGE-CKD trial included only
patients with stages 4 and 5 chronic kidney disease, defined
as glomerular filtration rate <30 mL/minutes/1.73 m*> (Cock-
croft-Gault formula), or dialysis therapy. Both studies were
conducted at Rush University Medical Center (Chicago, IL),
and ASSUAGE-CKD also recruited patients from the John H.
Stroger, Jr Hospital of Cook County (Chicago, IL). The trials
were approved by the Institutional Review Boards of the
participating institutions and were registered on clinicaltrials.-
gov (NCT01250496; NCTO01336140). All subjects signed
informed and HIPAA consents. The outcome determination
and analyses presented in this investigation was approved by
the institutional review board of Rush University Medical
Center [study # 13031912]. The detailed imaging and outcome
determination methods were previously published.'”

Patient Population and Clinical Data

From the pooled database of the ASSUAGE and
ASSUAGE-CKD trials (n = 548), we identified patients with
ESRD, defined as glomerular filtration rate <15 mL/minutes/
1.73 m? or renal dialysis therapy. Subjects’ baseline charac-
teristics were tabulated before undergoing regadenoson-stress
test. These included gender, indication, coronary risk factors,
and known CAD which was defined as history of coronary
revascularization (CR) or prior myocardial infarction (MI).

Stress MPI

Standard one-day rest/stress °°™Tc-tetrofosmin SPECT-
MPI protocol was implemented.'®'® Patients received **™Tc-
tetrofosmin intravenously at rest, followed by resting SPECT-
MPI acquisition 30 minutes later. Afterward, patients underwent
a pharmacologic stress test in which 0.4 mg of regadenoson was
administered intravenously over 10 seconds and was followed,
30 seconds later, by the stress dose of ™ Tc-tetrofosmin. Ninety
seconds later, 75 mg of aminophylline or a matching placebo was
administered intravenously. Patients then underwent stress
SPECT-MPI acquisition 45 to 60 minutes later.

MPI Interpretation

The 4DM-SPECT software (INVIA; Ann Arbor, MI) was
used for image processing and analysis. A semi-quantitative
interpretation of MPI scans was performed by a single expert
reader (AA) who was blinded to clinical and outcomes data.
Using a 17-segment model, each myocardial segment was
scored with a standard 5-point scale (0: normal; 1: equivocal; 2:
moderate; 3: severe decrease in tracer uptake; 4: absence of
detectable radiotracer activity). Summed stress (SSS) and
summed rest scores (SRS) were obtained from the sum of the
segmental scores of the stress and rest MPI scans, respectively.
Summed difference scores (SDS) were calculated from the sum
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of the difference scores derived from subtracting the segmental
scores of the resting MPI from those of the stress MPI. Based on
SSS, MPI studies were classified as normal (SSS < 3), mildly
abnormal (SSS = 4-8), and moderate to severely abnormal
(SSS > 9).1 Based on SDS, ischemic burden on MPI scans was
classified as no ischemia (SDS < 1), mild ischemia (SDS = 2-
4), and moderate to severe ischemia (SDS > 5).I Furthermore,
the quantitatively measured total and reversible defects size, as
percentages of the myocardium, were tabulated.

From the post-stress ECG-gated MPI, the quantitatively
measured left ventricular (LV) ejection fraction, LV end-
diastolic volume, and LV mass were recorded. Transient
ischemic dilation (TID) ratios were tabulated from the ungated
SPECT-MPI images.”**!

Endpoints

Patients were prospectively followed for cardiac death,
MI, and CR. Death events were determined using chart review
or social security death index. Cardiac death was defined as
one caused by fatal MI, arrhythmias, or heart failure. Cause of
death was ascertained from chart review or death certificates.
Events of non-fatal MI and CR were determined via chart re-
view by an adjudicator blinded to MPI data. Late CR was
defined as one performed >90 days after stress MPI, thus
representing events not directly triggered by MPI findings, a
common assumption in nuclear cardiology literature.'"'” The
primary endpoint was a composite of cardiac death or MI
based on MPI abnormality (SSS). The secondary endpoints
included 1) the composite endpoint of cardiac death, MI, or
late CR, based on MPI abnormality (SSS) and 2) the composite
endpoint of cardiac death, MI, or CR, based on ischemic
burden (SDS). Since CRs (early and late) are heavily deter-
mined by ischemic burden, and in order to encompass all
ischemia-driven events, we chose a composite endpoint of
cardiac death, MI, and CR when analyzing the impact of
ischemic burden (SDS) on outcome. Study composite end-
points were selected a priori to provide the study maximum
statistical power.

Statistical Analysis

Continuous data were expressed as means + standard
deviations. Categorical data were presented as frequencies and
percentages. Kaplan—Meier curves and the log-rank test were
used to compare cumulative event rates according to severity
of perfusion abnormalities. Univariate and multivariate Cox
regression models were used to determine the risk associated
with abnormal MPI, myocardial ischemia, TID, and LV
ejection fraction. Clinical covariates adjusted for were age,
gender, diabetes, dyslipidemia, tobacco use, and known CAD.
We did not adjust for hypertension since nearly all subjects had
hypertension. Risk was expressed as hazard ratio (HR) with
95% confidence interval (CI). Survival analyses treated the
date of MPI as “‘time 0.”” Follow-up time was defined by a
qualifying event, last event-free encounter, non-cardiac death,
or a maximum follow-up period of 46 months, whichever
occurred first. We also explored possible interactions between
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aminophylline use in the original trials and SDS as predictors
of the study endpoints. In order to ascertain that the predictive
value of regadenoson-stress MPI is consistent irrespective of
other imaging parameters, we tested for interactions between
MPI findings and ejection fraction (>50% vs <50%), LV end-
diastolic volume index, and LV mass index.

The incremental prognostic value of regadenoson-stress
MPI was determined using stepwise logistic regression models.
In these models, we first introduced clinical covariates (age,
gender, diabetes, dyslipidemia, tobacco use, and known CAD)
and subsequently added MPI finding (abnormal MPI or
myocardial ischemia). Based on the increment in the global
Chi-square value of each model (likelihood ratio test) and the
corresponding P value, we determined the significance of the
incremental predictive value of regadenoson-stress MPI.

All tests were 2-tailed, and a P value <.05 was considered
statistically significant. All statistical analyses were performed with
SPSS version 22 software package (IBM, Inc., Armonk, NY).

RESULTS

There were a total of 303 patients with ESRD
enrolled in the ASSUAGE and ASSUAGE-CKD trials.
The baseline clinical and imaging characteristics are
detailed in Table 1. Notably, their mean age was
54 + 13 years, 64% were men, and 56% had diabetes
mellitus. The vast majority of studies (96%) were
performed in the context of kidney transplant evaluation.
Among those subjects, 29% had abnormal MPI, and
30% had myocardial ischemia.

During mean follow-up of 35 + 10 months, 52
(17.2%) subjects had cardiac death or MI, 60 (19.8%)
had cardiac death, MI, or late CR, and 66 (21.8%) had
cardiac death, MI, or CR (Table 2). As illustrated in
Figure 1, severity of MPI abnormality was associated
with a stepwise increase in the rates of the composite of
cardiac death or MI and the composite of cardiac death,
ML, or late CR (Figure 1). Among patients with normal
MPI, the annualized adverse event rates were 4.9% per
year for cardiac death or MI and 5.7% per year for
cardiac death, MI, or late CR. Myocardial ischemia of
any severity was associated with increased risk of the
composite endpoint of cardiac death, MI, or CR
(Figure 1). The study is underpowered to detect differ-
ences in the individual study endpoints; however, with
the exception of late CR, abnormal MPI findings were
generally associated with increased risk of individual
study endpoints (Table 2). The quantitative defect size
on post-stress images, measured as a percentage of the
myocardium affected, was associated with increased risk
of the composite of cardiac death or MI (HR 1.02 per
1% increment; CI 1.001-1.04; P = .035) and the com-
posite of cardiac death, MI, or late CR (1.02 per 1%
increment; HR 1.003-1.039; P = .019). Reversible
defect size was associated with increased risk of the
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Table 1. Baseline clinical and

characteristics

imaging

Variable Mean * SD/N (%)

N 303
Socio-demographics

Age (years) 54 + 13
Male gender 194 (64)
African American 172 (57)
Aminophylline arm 156 (51)
Kidney transplant evaluation 290 (96)
Dialysis 289 (95)
Hemodialysis 267 (88)
Peritoneal dialysis 22 (7)
Duration of dialysis (months) 43 + 42

Comorbidities
Body mass index (kg/mz) 30+7

Hypertension 288 (95)
Diabetes mellitus 170 (56)
Dyslipidemia 176 (58)
Coronary artery disease 64 (21)
Smoking 44 (15)
SPECT-MPI

Post-stress LVEF, % 63+ 14
LVEDVi (ml/m?) 68 * 30
LVMi (g/m?) 80 + 21
Transient ischemic dilation 1.0+ 0.14
Summed stress score 3.7 £6.0
Summed rest score 3.2+53
Summed difference score 1.6 £ 3.0
Abnormal MPI (SSS > 4) 88 (29%)
Ischemia (SDS > 2) 90 (30%)
Stress defect size (%)* 63+11.4
Reversible defect size (%)* 2.4 + 6.7

SD standard deviation, SPECT single-photon emission
tomography, MPI myocardial perfusion imaging, LVEF left
ventricular ejection fraction, LVEDVi left ventricular end-di-
astolic volume index, LVMi left ventricular mass index

* Quantitatively measured as percentage of the myocardium

composite of cardiac death, MI, or CR (HR 1.03 per 1%
increment; HR 1.003-1.06; P = .031).

As illustrated in Figure 2 and Table 2, abnormal
regadenoson SPECT-MPI (SSS > 4) was associated with
increased risk of cardiac death or MI (HR, 1.88; CI, 1.04-
3.41; P = .037) and the composite of cardiac death, MI,
and late CR (HR 1.80; CI 1.03-3.14; P = .039), after
adjusting for age, gender, diabetes mellitus, dyslipidemia,
tobacco use, and known CAD. Moreover, regadenoson-
induced myocardial ischemia (SDS > 2) was associated
with increased risk of the composite of cardiac death, MI,
and CR (HR 1.97; CI 1.19-3.27; P = .008), after adjust-
ing for the aforementioned clinical covariates. There was
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no interaction between aminophylline use following
regadenoson (according to the ASSUAGE protocol) and
SDS as a determinant of any of the study endpoints (all P
values >.115), adjusting for the aforementioned clinical
covariates.

Abnormal regadenoson SPECT-MPI added incre-
mental prognostic value for the composite of cardiac
death or MI (Chi-square increase = 3.94; P = .047) and
the composite of cardiac death, MI, or late CR (Chi-
square increase = 3.99; P = .046). Similarly, regade-
noson-induced myocardial ischemia added incremental
prognostic value for the composite of cardiac death, MI,
or CR (Chi-square increase = 6.76; P = .009).

Post-stress LV ejection fraction <50% was associ-
ated with increased risk of the composite endpoint of
cardiac death or MI (HR 2.21; CI 1.11-4.39; P = .024),
after adjusting for abnormal MPI finding (SSS > 4).
Furthermore, there were no significant interactions
between MPI findings (abnormal MPI or myocardial
ischemia) and ejection fraction (>50% vs <50%), LV
end-diastolic volume index, and LV mass index as a
determinant of any of the study outcomes (all P values
>.281). In other words, the predictive value of abnormal
MPI and myocardial ischemia was consistent, irrespec-
tive of ancillary imaging parameters.

Among the 258 patients with normal LV systolic
function, there was a trend toward increased risk of
cardiac death or MI with increasing TID ratio (HR 1.22
per 0.1 increment in TID; CI 0.97-1.53; P = .087). This
association was weaker once we adjusted for SSS
(P = .150) or SDS (P = .142). TID ratio in the top
quartile (>1.09) was associated with an insignificant
increase in the risk of the composite endpoint of cardiac
death or MI (HR 1.51; CI 0.83-2.76; P = .176).

DISCUSSION

This is the first study to specifically investigate the
prognostic value of regadenoson SPECT-MPI in patients
with ESRD. We established that abnormal regadenoson
SPECT-MPI in patients with ESRD is associated with
approximately twice the risk of composite cardiac
specific endpoints, independent of clinical covariates.
Furthermore, we illustrated a stepwise increase in the
risk of adverse cardiac events, commensurate with the
severity of perfusion abnormality. Additionally, regade-
noson SPECT-MPI added incremental prognostic value
above and beyond traditional risk factors. The prognos-
tic value of regadenoson-stress MPI was consistent
irrespective of LV ejection fraction, LV end-diastolic
volume, and LV mass. This study underlines the fact
that ESRD patients with normal MPI are at relatively
high risk of adverse cardiac events and may benefit from
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Table 2. Impact of MPI finding on cardiovascular outcomes in patients with ESRD

Crude event rates

Unadjusted risk

Adjusted risk’

Total N Abnormal Normal Hazard ratio P Hazard Ratio P
Outcomes (%) MPI* N (%) MPI N (%) (95% ClI) value (95% ClI) value
All-cause 48 (15.8) 20 (22.7) 28 (13.0) 1.89 (1.06-3.35) .030 1.65(0.89-3.06) .112
death
CD 20 (6.6) 9(10.2) 11 (5.1) 2.16 (0.89-5.21) .087 2.57 (0.97-6.82) .058
MI 36 (11.9) 15 (17.0) 21 (9.8) 2.10 (1.08-4.07) .029 1.91(0.95-3.85) .071
Late CR 18 (5.9) 4 (4.5) 14 (6.5) 0.79 (0.26-2.41) .684 0.76(0.23-2.47) .643
CR 27 (8.9) 12 (13.3) 15 (7.0) 2.13 (1.00-4.55) .051 1.90 (0.87-4.18) .108
CD, MI 52 (17.2) 21 (23.9) 31 (14.4) 1.97 (1.13-3.44) .016 1.88(1.04-3.41) .037
CD, MI, Late 60 (19.8) 24 (27.3) 36 (16.7) 1.94 (1.16-3.25) .012 1.80(1.03-3.14) .039
CR
CD, MI, CR 66 (21.8) 30 (33.3) 36 (16.9) 2.24 (1.38-3.63) .001 1.97 (1.19-3.27) .008

Hazard ratios, 95% CI, and P values were derived from Cox proportional hazard models
MPI SPECT myocardial perfusion imaging, ESRD end-stage renal disease, CD cardiac death, CI confidence interval, MI myocardial
infarction, CR coronary revascularization, Late CR coronary revascularization occurring >90 days after stress myocardial perfusion

imaging study

* Abnormal MPI defined as SSS > 4 for all endpoints except for CR and CD, MI, CR where it is defined as SDS > 2
i Adjustment was made for age, gender, diabetes mellitus, dyslipidemia, tobacco use, and known coronary artery disease
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Figure 1. Impact of regadenoson-induced perfusion abnormalities on cardiac outcomes. The
figure depicts Kaplan—-Meier survival plots for cumulative event rates. SPECT single-photon
emission computed tomography, MPI myocardial perfusion imaging, ESRD end-stage renal
disease, CD cardiac death, MI myocardial infarction, CR coronary revascularization, Late CR
coronary revascularization occurring >90 days post-MPI.

additional risk stratification. These findings
derived from high-quality prospective data.

The prognostic value of regadenoson-stress SPECT-
MPI in the general patient population is well established."”
Using propensity score-matching technique, Igbal et al
demonstrated similar 2-year outcome of patients with
normal regadenoson MPI to those with normal adenosine
MPL'® Moreover, Farzaneh-Far et al demonstrated that
SSS and SDS derived from regadenoson-stress SPECT-
MPI have similar prognostic significance as those derived

were

from adenosine stress study.'” Bhatti et al demonstrated
that renal function is a powerful risk predictor in patients
undergoing regadenoson SPECT-MPI and established that
regadenoson SPECT-MPI provides robust prognostication
across the entire spectrum of renal function.” However,
their study included a limited number of patients with
ESRD. Moreover, in 1400 patients, of whom 26% had
ESRD, Hage et al demonstrated that regadenoson SPECT-
MPI provides powerful prognostic information that can aid
in clinical decision-making."' These authors also demonstrated
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Figure 2. Impactof regadenoson-induced perfusion abnormalities on cardiac outcomes adjusted for
clinical covariates. The figure depicts Cox proportional hazards survival plots adjusted for age, gender,
diabetes, dyslipidemia, smoking, and history of coronary artery disease. SPECT single-photon
emission computed tomography, MPI myocardial perfusion imaging, ESRD end-stage renal disease,
CD cardiac death, MI myocardial infarction, CR coronary revascularization, Late CR coronary
revascularization occurring >90 days post-MPI, HR hazard ratio, CI 95% confidence interval.

that ESRD is a strong and independent predictor of adverse
cardiac events, and perfusion defect size on MPI was a
predictor of adverse cardiac events, independent of ESRD
status and other clinical covariates. Nonetheless, the study
did not specifically address the prognostic value of MPI in
ESRD patients. On the other hand, among ESRD patients
undergoing transplant evaluation, Venkataraman et al
demonstrated significant incremental prognostic value of
dipyridamole-stress SPECT-MPI, above and beyond inva-
sive coronary angiography data.’* Our investigation
established the prognostic value of regadenoson SPECT-
MPI in ESRD patients, the majority of whom received
testing as part of kidney transplant evaluation. Notably,
abnormal MPI and regadenoson-induced myocardial ische-
mia were associated with nearly twice the risk of major
adverse cardiac events. This is a slight deviation from other
reports in which abnormal MPI has been associated with
several-fold increase in risk.>'' Two important features
about this population may help explain this observation: first,
these are predominantly ESRD patients without ischemic
symptoms who are undergoing CAD surveillance as part of
kidney transplant evaluation, and second, due to ESRD, all
patients are at increased risk irrespective of MPI finding.”""
Both factors may have degraded the discriminative capacity
of regadenoson SPECT-MPIL.

It is remarkable that patients with ESRD and normal
MPI experienced a relatively high rate of cardiac death or MI
(4.9% per year). Therefore, ESRD patients with normal
vasodilator stress MPI can benefit from additional risk
stratification derived from ancillary electrocardiographic or
MPI findings, such as ischemic ST-segment changes, heart
rate response, mechanical dyssynchrony indices by phase
analysis, and perhaps TID.'”?"****’ In a recent study, our

group demonstrated that blunted heart rate response to
regadenoson-stress (<28% increase from baseline) is asso-
ciated with increased risk of all-cause death in patients with
ESRD, irrespective of MPI findings.'” Notably, among
patients with normal MPI (SSS < 3), blunted heart rate
response to regadenoson-stress was associated with signif-
icant increase in the risk of all-cause death compared to
patients with adequate response (7.5% vs 1.7% annually, HR
4.20; CI 1.70-10.37; P = .001).17 Thus, heart rate response
could be a valuable adjunct to MPI findings to identify truly
low-risk ESRD patients. Moreover, in the present investi-
gation, we found a trend for an association between TID and
the composite of cardiac death or MI. This is worthy of
additional investigation as TID may provide additional
prognostic information, particularly among patients with
normal MPL*'

Strengths and Limitations

The data were generated prospectively from patients
enrolled in two randomized clinical trials with rigorously
tabulated clinical and imaging data. However, this is a
single-center study with relatively small number of
events. Furthermore, the majority of the study subjects
were ‘‘healthier’”” ESRD patients, being considered for
kidney transplantation; this may limit the applicability of
the findings to ESRD population at large.

NEW KNOWLEDGE GAINED

Abnormal regadenoson-stress MPI in patients with
ESRD provides independent and incremental prognostic
value beyond traditional risk factors and CAD status.
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CONCLUSION
Regadenoson-stress SPECT-MPI provides a signif-

icant prognostic value among patients with ESRD.
ESRD patients with normal regadenoson-stress SPECT-
MPI have relatively high event rates and may benefit
from additional risk stratification.
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