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Background. Patients requiring vasodilator single-photon emission computed-tomography
myocardial perfusion imaging (SPECT-MPI) have a higher mortality risk than those selected
for exercise or vasodilator with low-level exercise SPECT-MPI. However, it is unknown whe-
ther the increased mortality is driven by cardiac deaths alone or cardiac and non-cardiac
deaths.

Methods. In a prospective cohort of 1,511 consecutive patients referred for SPECT-MPI,
patients were classified according to stress test modality: exercise, adenosine with low-level
exercise (AdenoEx), and adenosine. Subjects were followed for events of all-cause mortality and
cause of death. Survival analyses using multivariate Cox regression and propensity score
matching methods were performed.

Results. During a follow-up of 4.9 + 0.9 years, a total of 68 (4.5%) deaths occurred: 50 non-
cardiac and 18 cardiac. The adenosine group had the highest annual mortality (all-cause 3.65%,
non-cardiac 2.36 %, cardiac 1.29%), while exercise stress had the lowest mortality (all-cause 0.42%,
non-cardiac 0.37%, cardiac 0.05%) and AdenoEx had an intermediate mortality (all-cause 1.3%,
non-cardiac 0.91%, cardiac 0.39%); all P values <0.001. The majority of non-cardiac deaths were
attributed to cancer. Using exercise stress as a reference standard, multivariable Cox regression
analyses demonstrated that adenosine stress was independently predictive of all-cause mortality
[HR 3.23 (CI 1.77-5.88); P < 0.001], non-cardiac death [HR 2.67 (CI 1.34-5.31); P = 0.005], and
cardiac death [HR 6.30 (CI 1.55-25.56); P = 0.010] after adjusting for univariate predictors of
mortality. These findings were consistent in the subgroups of patients with normal and abnormal
MPI. AdenoEx was predictive of all-cause, non-cardiac, and cardiac deaths in univariate analysis,
but it was not predictive by multivariate analysis. Propensity score matched cohort analysis showed
that the adenosine stress group had the highest all-cause (P < 0.001), non-cardiac (P = 0.013), and
cardiac deaths (P < 0.001), while the exercise stress group had the lowest mortality of any cause.

Conclusions. The inability to perform any level of exercise during a SPECT-MPI stress is
associated with high mortality risk, which is derived from both cardiac and non-cardiac deaths.
(J Nucl Cardiol 2016;23:202-11.)
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INTRODUCTION

Over the past decades, there has been a steady
increase in the proportion of patients undergoing va-
sodilator stress myocardial perfusion imaging (MPI) with
single-photon emission computed-tomography (SPECT),
while the rate of those undergoing symptom-limited
exercise SPECT-MPI has been declining.' This trend is
likely the result of aging and the increasing prevalence of
obesity in the population with resultant higher cardiac and
non-cardiac comorbidities. Existing data indicate that
patients who require a vasodilator stress test have a worse
prognosis compared to those who can exercise, even in the
context of a normal study.”” Recently, it has been
established that among patients who undergo SPECT-
MPI, mortality is highest for the ones selected for
adenosine stress, intermediate for those able to perform
low-level exercise with vasodilator stress, and lowest with
exercise stress.®’ However, it remains unknown whether
the observed differential mortality is driven by cardiac
deaths alone or by non-cardiac deaths as well. It is
plausible that exercise-limiting cardiac and non-cardiac
comorbidities contribute to non-cardiac deaths. In this
investigation, we sought to determine the impact of stress
modality on non-cardiac and cardiac mortality in patients
undergoing SPECT-MPI.

DESIGN AND METHODS

This is a substudy with extended follow-up of a prospective
cohort of 1,511 consecutive patients referred for outpatient,
clinically-indicated SPECT-MPI between August 15, 2007 and
May 15, 2010. The study was approved by the institutional
review board of Rush University Medical Center. An initial
report detailing the methodology of the cohort formation was
published elsewhere.® Baseline demographics, risk factors,
cardiovascular history, and medications were prospectively
tabulated. Chest pain syndromes were classified as typical
angina, atypical angina, and non-anginal on the basis of pain
location, relation to exercise, and resolution with rest or
nitroglycerin.’ Dyspnea was considered non-anginal chest pain.
The pretest probability of obstructive coronary artery disease
(CAD) was determined according to Diamond and Forrester
tables on the basis of age, gender, and chest pain type.’

Stress and Myocardial Perfusion Imaging
Protocols

All subjects underwent a one-day, rest/stress, 99MT¢ ses-
tamibi protocol conforming with the American Society of Nuclear
Cardiology guidelines.'® Patients were instructed to fast for at
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least 8 hours and to abstain from caffeinated products for
24 hours prior to the test. As clinically appropriate, patients
underwent one of the following stress modalities: exercise Bruce
protocol, adenosine infusion with low-level exercise (AdenoEx),
or standard 6-minute adenosine infusion.'""'? Patients with left
bundle branch-block or ventricular pacemaker received a standard
6-minute adenosine stress, irrespective of their ability to exer-
cise.'” Based on the stress modality implemented, patients were
divided into three groups: (1) exercise; (2) AdenoEx; and (3)
adenosine. All MPI scans were acquired using an upright
acquisition, dual-head, dedicated cardiac SPECT camera without
attenuation correction. Using QPS/QGS software (Cedars-Sinai
Cardiac Suite; Los Angeles, CA), MPI scans were semiquanti-
tatively interpreted by a blinded, single expert nuclear cardiologist
using a 17-segment model, deriving summed stress scores (SSS),
summed rest scores, and summed difference scores (SDS).
Myocardial perfusion was categorized as normal (SSS < 3),
mildly abnormal (SSS 4-8), and moderately or severely abnormal
(SSS > 9).>% A normal study was defined as one with normal
myocardial perfusion (SSS < 3) and normal post-stress gated-
SPECT left ventricular ejection fraction (EF > 50%). Known
CAD was defined as a composite of prior myocardial infarction
(M), prior percutaneous coronary intervention, or prior coronary
artery bypass grafting surgery. A random sample of 151 scans
(10%) was independently interpreted by two blinded, board-
certified nuclear cardiologists. Excellent inter-rater interpretation
agreement between the main reader and the two control readers
was established, as published elsewhere.®

Outcome Determination

Subjects were prospectively followed for events of all-cause
mortality as determined by a review of medical records and a
Social Security Death Index search conducted in March 2014.
Patients not found to be deceased at the time of the search were
considered to be alive. Cause of death was ascertained by review
of the death certificate obtained from the Illinois Department of
Health and Human Services. The primary cause of death was
determined by a consensus of three adjudicators reviewing the
diagnoses listed on each death certificate. Outcome assessors were
blinded to clinical history, stress modality, and MPI findings.
Cardiac death was defined as resulting from MI, sudden cardiac
death, heart failure, or lethal arrhythmia. All other causes of death,
including stroke and pulmonary embolism, were considered non-
cardiac. A death was also considered cardiac if MI was listed as a
contributing cause of death (such as an MI in the setting of
multisystem organ failure). The primary endpoint was non-
cardiac death. The secondary endpoint was cardiac death.

Statistical Analysis

The chi-square test was used to compare dichotomous
variables, which were expressed as a number (percentage).
Between groups, comparisons of continuous variables were
performed using one-way analysis of variance (ANOVA)
method. The Bonferroni correction was applied for multiple
comparisons of continuous variables. Univariate Cox propor-
tional-hazards models were used to determine univariate
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predictors of non-cardiac and cardiac deaths. Multivariate Cox
proportional-hazards models were used to compare event-free
survival between different stress modality groups, adjusting for
univariate predictors of non-cardiac and cardiac death. Hazard
ratios (HR) of death with AdenoEx and adenosine stress
modality with 95% confidence interval (CI) were reported in
reference to the exercise modality group. Proportionality of
hazards assumption was confirmed by demonstrating parallel
“‘log minus log’ survival plots. Sensitivity analyses using
multivariate Cox proportional-hazards models were performed
assuming that all patients with unknown cause of death died
from a cardiac etiology rather than a non-cardiac cause.

To account for inherent differences in baseline clinical
and imaging characteristics between the study groups, we
performed secondary survival analyses using propensity score
matching methodology. A multivariate logistic regression
model for all-cause mortality was fit to generate standardized
propensity scores accounting for baseline characteristics
(Table 1) found to be statistically different between any two
study groups (P < .05). The generated propensity scores were
matched to the closest value in a 3:1:1 ratio (3, exercise; 1,
AdenoEx; 1, adenosine) using a matching algorithm written in
the Python programming language version 2.6.7 (Python
Software Foundation, Python.org) and the NumPy scientific
package (numpy.org). Kaplan-Meier curves and the log-rank
test were used to compare event-free survival between
propensity score matched stress modality groups. Two-tailed
P values <.05 were considered significant. The PASW 18.0
software (SPSS, Inc., Chicago, IL) was used for all statistical
analyses.

Handling of Missing Data

Patients with missing death certificates were considered to
have died from a non-cardiac cause, as this was the most
common mode of death in the cohort.® To ensure that such an
assumption did not alter the conclusions of the study, we
performed sensitivity analyses using multivariate Cox propor-
tional-hazards models in which we assumed that all patients
with unknown cause of death died from a cardiac etiology
rather than a non-cardiac cause.

RESULTS

Among the 1,511 subjects, 56.5% were men. The
mean age was 59 + 13 years. A total of 1,164 patients
(77%) underwent exercise, 157 (10%) AdenoEx, and
190 (13%) adenosine stress. Detailed baseline charac-
teristics of all three stress modality groups are outlined
in Table 1. Notably, patients in the exercise group were
younger, predominantly men, and had a lower preva-
lence of hypertension, diabetes mellitus, and known
CAD. Furthermore, patients in the exercise stress group
were less likely to have an abnormal perfusion study or
left ventricular systolic dysfunction (Table 1). There
was no difference in the prevalence of ischemic
equivalent symptoms (chest pain or dyspnea) as an

Journal of Nuclear Cardiology®
March/April 2016

indication for testing. Patients in the adenosine and
AdenoEx groups had significantly higher mean likeli-
hood of obstructive CAD (Table 1). During 4.9 +
0.9 years follow-up, a total of 68 (4.5%) deaths were
observed: 50 (3.3%) non-cardiac and 18 (1.2%) cardiac.
As shown in Table 2, the adenosine group had the
highest rates of all-cause, non-cardiac, and cardiac
deaths. The mortality rate was lowest in the exercise
stress group and intermediate in the AdenoEx group.
The majority of non-cardiac deaths were attributed to
cancer. The most notable causes of death in each study
group are outlined in Table 2.

As shown in Table 3, univariate predictors for both
non-cardiac and cardiac death were age, known CAD,
abnormal MPI (SSS > 4), EF, and stress modality; these
were selected for multivariate analysis. Although my-
ocardial ischemia was a univariate predictor of cardiac
death, it was not included in multivariate analysis since
it is largely encompassed in the abnormal MPI variable.

Multivariable Cox regression analyses, adjusting for
univariate predictors of non-cardiac and cardiac deaths,
demonstrated that adenosine stress was independently
predictive of all-cause mortality [HR 3.23 (CI 1.77-
5.88); P < .001], whereas AdenoEx was not (P = .313),
as shown in Figure 1A. In this model, age [HR 1.07 per
year (CI 1.04-1.09); P < .001], EF [HR 0.74 per
10-point increment (CI 0.62-0.89); P = .002], and
known CAD [HR 2.08 (CI 1.25-3.47); P = .005] were
independently predictive of all-cause mortality, while
abnormal MPI (SSS > 4) was not (P = .576). Similarly,
after adjusting for predictors of non-cardiac death,
multivariate Cox regression analysis indicated that
adenosine stress was independently predictive of non-
cardiac death [HR 2.67 (CI 1.34-5.31); P = .005], while
AdenoEx was not (P = .590), as shown in Figure 1B.
Other independent predictors of non-cardiac death were
age, EF, and known CAD, whereas abnormal myocar-
dial perfusion was not predictive (Table 3). Likewise,
multivariate Cox regression analysis, after adjusting for
predictors of cardiac death, determined that adenosine
stress was an independent predictor of cardiac death [HR
6.30 (CI 1.55-25.56); P = .010] while AdenoEx was not
(P = .207), as illustrated in Figure 1C. Age was inde-
pendently predictive of cardiac mortality, whereas EF,
known CAD, and abnormal perfusion were not
(Table 3). In the above three models, substituting SSS
as a continuous variable for abnormal MPI (SSS > 4)
yielded similar results, with SSS not being indepen-
dently predictive of death of any cause (P values > .28).

Patients with Normal MPI Study

As illustrated in Figure 2, Cox regression analyses
among patients who had a normal study (SSS < 3 and
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Table 1. Baseline characteristics based on stress modality
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Exercise AdenoEx Adenosine
N = 1,164 N = 157 N =190 P value

Age (years) 56 + 12*5 65+ 11* 68 + 138 <.001
Male 686 (58.9%)*5 71 (45.2%)* 97 (51.1%)S .001
Hypertension 579 (49.7%)* 8 121 (77.1%)* 141 (74.2%)% <.001
Diabetes mellitus 196 (16.8%)*8 63 (40.1%)* 74 (38.9%)% <.001
Dyslipidemia 519 (44.6%) 82 (52.2%) 94 (49.5%) 116
Tobacco use 137 (11.8%) 16 (10.2%) 28 (14.2%) .388
Family history of CAD 444 (38.1%)5 58 (36.9%)" 42 (22.1%)5" <.001
Chest pain or dyspnea 645 (55.4%) 96 (61.1%) 105 (55.3%) .388
Framingham 10-year CHD risk (%) 11.7 £ 9.8*5 15.2 £ 9.9* 17.5 + 10.7% <.001
Likelihood of obstructive CAD™ (%) 16.6 + 11.8*5 22.0 + 13.5* 22.8 + 14.48 <.001
Body mass index (Kg/m?) 29.4 + 5.4*3 31.2 £ 6.6* 30.5 £ 5.9% <.001
Known CAD 103 (8.8%)*% 28 (17.8%)* 33 (17.4%)8 <.001
Prior Ml 27 (2.3%) 6 (3.8%) 4(2.1%) 493
Prior PCI 54 (4.6%)*° 17 (10.8%)* 16 (8.4%)8 .002
Prior CABG 38 (3.3%)*% 18 (11.5%)* 20 (10.5%)5 <.001
Peripheral arterial disease 9 (0.8%)% 1 (0.6%) 6 (3.2%)% .051
Antiplatelet use 237 (20.4%)*S 59 (37.6%)* 74 (38.9%)° <.001
B-Blocker 185 (15.9%)*8 61 (38.9%)* 61 (32.1%)8 <.001
HMG-CoA reductase inhibitor 412 (35.4%)*8 78 (49.7%)* 90 (47.4%)3 <.001
ACE-I or ARB 384 (33%)*$ 81 (51.6%)* 102 (53.7%)° <.001
MPI findings <.001

Normal (SSS < 3) 1,077 (92.5%)*$ 124 (79%)* 143 (75.3%)%

Mild (SSS 4-8) 46 (4.0%)*S 14 (8.9%)* 19 (10.0%)S

Moderate-severe (SSS > 9) 41 (3.5%)*S 19 (12.1%)* 28 (14.7%)5
Post-stress LVEF <50% 42 (3.6%)*S 13 (8.3%)* 23 (12.1%)8 <.001
Myocardial ischemia (SDS > 2) 74 (6.4%)*8 18 (11.5%)* 30 (15.8%)8 <.001
Inappropriate AUC category”® 610 (52.4%)*% 35 (22.3%)* 43 (22.6%)3 <.001
Follow-up time (years) 49 + 0.7 50+ 1.0 50+ 1.6 244

AdenoEx, adenosine with low-level exercise; CAD, coronary artery disease; CHD, coronary heart disease; MI, myocardial infarc-
tion; PCl, percutaneous coronary intervention; CABG, coronary artery bypass grafting; ACE-I, angiotensin converting enzyme
inhibitor; ARB, angiotensin receptor blocker; MPI, SPECT myocardial perfusion imaging; SSS, summed stress score; SDS, summed
difference score; AUC, appropriate use criteria; LVEF, left ventricular ejection fraction

"Based on Diamond and Forrester tables in patients with chest pain or
¥Based on the 2009 Appropriate Use Criteria for radionuclide imaging

o
ld@yspnea

Between groups comparisons of continuous variables were performed using one-way ANOVA method. Bonferroni correction for
multiple testing was applied for comparisons between any two study groups
Matching symbols (*, §, ®) denote statistically significant difference between two study groups
Bold P values indicate their being statistically significant

normal EF) showed that adenosine stress modality was
predictive of all-cause mortality [HR 7.59 (CI 3.82-
15.09); P < .001], non-cardiac death [HR 5.49 (CI 2.53-
11.90); P < .001], and cardiac death [HR 41.41 (CI
4.84-354.49); P = .001], whereas AdenoEx was not
predictive of mortality (non-cardiac or cardiac).

Patients with Abnormal MPI Study

As illustrated in Figure 3, Cox regression analyses
among patients who had an abnormal study (SSS > 4 or

EF < 50%) showed that adenosine stress modality was
predictive of all-cause mortality [HR 5.18 (CI 2.16-
12.43); P < .001], non-cardiac death [HR 4.36 (CI 1.50-
12.62); P = .007], and cardiac death [HR 7.23 (CI 1.50-
34.82); P = .014], while AdenoEx was not predictive of
mortality of any cause.

Sensitivity Analyses

Assuming that all 8 subjects with unknown cause of
death had died from a cardiac cause, multivariate Cox
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Table 2. Crude mortality rates according to stress modality

Exercise AdenoEx Adenosine P value

All-cause mortality 24 (2.1%) 10 (6.4%) 34 (17.9%) <.001
Non-cardiac death 21 (1.8%) 7 (4.5%) 22 (11.6%) <.001

Cancer (% of NCD) 17 (81.0%) 3 (42.9%) 8 (36.4%)

CVA (% of NCD) 0 (0%) 0 (0%) 1 (4.5%)

Other (% of NCD) 2 (9.5%) 3 (42.9%) 8 (36.4%)

Unavailable (% of NCD) 2 (9.5%) 1(14.3%) 5(22.7%)
Cardiac death 3 (0.3%) 3 (1.9%) 12 (6.3%) <.001

MI (% of CD) 1(33.3%) 1(33.3%) 2 (16.7%)

Other (% of CD) 2 (66.6%) 2 (66.6%) 10 (83.3%)
Annualized death rates

All-cause 0.42% 1.30% 3.65%

Non-cardiac 0.37% 0.91% 2.36%

Cardiac 0.05% 0.39% 1.29%

AdenoEx, adenosine with low-level exercise; NCD, non-cardiac death; CVA, cerebrovascular accident; MI, myocardial infarction;

CD, cardiac death
Bold P values indicate their being statistically significant

regression models showed that adenosine stress mod-
ality remained independently predictive of non-cardiac
and cardiac deaths (P values = .029 and <.001, respec-
tively), whereas AdenoEx stress modality was not
(P values >.05).

Propensity Score Matching Analysis

A total of 775 patients were propensity score
matched in a 3:1:1 ratio (465, exercise; 155, AdenoEx;
155, Adenosine). There was no significant difference in
the mean propensity score between all three stress
modality groups (P = .24), indicating that the groups
were well matched. In the propensity score matched
cohort, Kaplan-Meier survival analyses demonstrated
that adenosine stress was associated with the highest
all-cause mortality (P < .001), non-cardiac death
(P = .013), and cardiac death (P < .001), whereas
exercise stress was associated with the lowest mortality
from any cause (Figure 4).

DISCUSSION

In this prospective cohort study of ambulatory
patients undergoing SPECT-MPI, we confirmed that
subjects who were unable to perform any level of
exercise, thereby requiring the use of standard adenosine
stress modality, had the highest mortality as compared to
those who underwent exercise or AdenoEx stress pro-
tocols. These findings were consistent in patients with
normal and abnormal MPI studies. In addition, we
demonstrated that the high mortality associated with
adenosine stress was derived not only from an increased

rate of cardiac deaths, as previously established, but also
from an increase in non-cardiac deaths. These findings
were independent from clinical and imaging predictors
of mortality.

In a recent study, Nair et al® investigated the
incidence of cardiac death and non-fatal MI in 19,367
consecutive patients undergoing SPECT-MPI. The au-
thors demonstrated similar results to the present study
with regards to adenosine being an independent predic-
tor of cardiac death. They also established that AdenoEx
protocol is independently associated with higher rates of
cardiac and non-cardiac deaths compared to exercise
stress, but is associated with lower mortality than
adenosine stress. Similarly, Thomas et al® studied the
prognostic value of SPECT-MPI in an outpatient setting
and demonstrated that patients who underwent AdenoEx
protocol had an intermediate event rate of cardiac death
or MI, higher than exercise stress but lower than
adenosine stress protocol. However, neither of these
studies investigated the impact of stress modality on
non-cardiac deaths. Moreover, Johnson et al’ retrospec-
tively followed 3,479 patients with normal SPECT-MPI
for 4.3 £ 1.0 years for all-cause mortality according to
stress modality. These investigators demonstrated that
patients who received an adenosine stress test had the
highest mortality, followed by the ones selected for
AdenoEx, while those who had an exercise stress test
had the lowest mortality. Nonetheless, the study did not
investigate the cause of death. Finally, Rozanski et al'?
studied 6,069 patients without known CAD who under-
went either adenosine or exercise SPECT-MPI and
followed them for 10.2 years for all-cause mortality.
Using propensity score matching, these authors
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Figure 1. Mortality according to stress modality. The graphs depict Cox proportional-hazards
survival plots for all-cause mortality (A), non-cardiac death (B), and cardiac death (C). Hazard
ratios and confidence intervals were adjusted for significant clinical and imaging covariates: age,
known coronary artery disease, abnormal myocardial perfusion imaging (SSS > 4), and ejection
fraction. AdenoEx, adenosine with low-level exercise; HR, hazard ratio; CI, 95% confidence
interval.
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Figure 2. Mortality according to stress modality among patients with normal myocardial perfusion
imaging and normal post-stress ejection fraction. The graphs depict Cox proportional-hazards
survival plots for all-cause mortality (A), non-cardiac death (B), and cardiac death (C). AdenoEx,
adenosine with low-level exercise; HR, hazard ratio; CI, 95% confidence interval.

demonstrated that patients who underwent adenosine
stress had higher all-cause mortality than those who
exercised. Nonetheless, the study did not look into the

cause of death.

In our investigation, patients in the AdenoEx group
had an intermediate survival between the exercise and
adenosine groups, in agreement with previous reports.”’
Although AdenoEx was predictive of non-cardiac and

cardiac deaths in univariate analysis, it was not predic-
tive in multivariate analysis after adjusting for clinical
and imaging covariates. However, we observed a con-

sistent, yet not statistically significant trend toward

higher mortality as compared to exercise stress. This
apparent deviation from previous reports®’ is likely due
to “‘type Il error’’ in our investigation as the AdenoEx
group was limited by a small sample size and a
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Figure 3. Mortality according to stress modality among patients with abnormal myocardial
perfusion imaging or abnormal post-stress ejection fraction. The graphs depict Cox proportional-
hazards survival plots for all-cause mortality (A), non-cardiac death (B), and cardiac death (C).
AdenoEx, adenosine with low-level exercise; HR, hazard ratio; CI, 95% confidence interval.
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Figure 4. Survival according to stress modality in a propensity score matched cohort. The graphs
depict Kaplan-Meier survival curves and log-rank test P values for all-cause mortality (A), non-
cardiac death (B), and cardiac death (C). Propensity scores were weighted to statistically significant
differences in baseline characteristics listed in Table 1. AdenoEx, adenosine with low-level

exercise.

relatively low-risk population. Indeed, these were
ambulatory, low-risk patients, primarily referred by
primary care physicians for office-based testing.®'* We
observed an annualized cardiac mortality of 0.24%,
which appears to be lower than noted in previous reports
(0.8%)."°

We demonstrated that patients who are selected
for adenosine stress test have higher non-cardiac
mortality than those who can perform any level of
exercise. This is likely due to the fact that these

patients are older and have multiple exercise-limiting
non-cardiac comorbidities; thus, they are likely to die
from these diseases or their related complications.
Notably, the majority of the deaths observed were
attributed to non-cardiac causes for all three stress
modalities, with cancer being the leading cause of
non-cardiac death. We speculate that some of these
stress tests were ordered as part of a pre-mortality
cluster of testing to investigate symptoms related to
cancer or other terminal illnesses.
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Despite being a univariate predictor of cardiac and
non-cardiac mortality, abnormal MPI (SSS > 4) was not
independently predictive of mortality in multivariate
analyses. This observation may be caused by collinearity
between pharmacologic stress modality and perfusion
imaging, such that patients who underwent pharmaco-
logic stress are the ones with the most abnormal MPI
(given their higher baseline risk). This collinearity could
have negated the predictive value of perfusion imaging
in multivariate analyses. Additionally, this observation
may be due to ‘‘over-fitting’’ of the multivariate Cox
regression models, particularly the cardiac death model,
leading to type II error.

Limitations

The Social Security Death Index may have under-
estimated mortality due to delay in reporting and the
cause of death listed on the death certificate could have
been inaccurate in some cases. Furthermore, despite
adjusting for significant covariates, we cannot entirely
exclude the possibility of the results being biased by
unidentified confounders. To address this matter, we
analyzed a propensity score matched cohort accounting
for a wide array of significant confounders. The fact that
multivariate Cox regression analyses and propensity
score matching have yielded similar findings strengthens
the study’s conclusion. Another limitation is that the
study is underpowered to assess the impact of AdenoEx
stress modality on outcome. Finally, given the limited
mortality events observed, particularly cardiac death,
multivariate Cox regression models (Figure 1; Table 3)
were probably over-fitted, introducing a possible type II
error and wide confidence intervals.

NEW KNOWLEDGE GAINED

We demonstrated that the higher mortality associ-
ated with adenosine stress is not only due to higher
cardiac mortality, but also from an excess of non-cardiac
deaths.

CONCLUSION

This study confirms that inability to perform any
level of exercise during SPECT-MPI stress is associated
with high mortality risk due to an increase in both non-
cardiac and cardiac deaths.
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