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Background. The prognostic implications of ST-segment and T-wave (ST/T) abnormalities
in patients undergoing stress SPECT-myocardial perfusion imaging (MPI) are not well defined.

Methods and Results. This was a single-center, retrospective cohort study of consecutive
patients who underwent regadenoson stress SPECT-MPI. Patients with baseline electrocar-
diogram (ECG) abnormalities that impede ST/T analysis or those with known coronary artery
disease were excluded. Patients were categorized as having primary ST abnormalities, sec-
ondary ST/T abnormalities due to ventricular hypertrophy or right bundle branch block, T-
wave abnormalities, or normal ECG. The primary outcome was major adverse cardiovascular
events (MACE) defined as the composite of cardiac death or myocardial infarction. Among
6,059 subjects, 1912 (32%) had baseline ST/T abnormalities. During a mean follow-up of
2.3 + 1.9 years, the incidence of MACE was significantly higher among patients with secondary
ST/T abnormalities compared to those with normal ECG (HR 2.05; 95% confidence interval
[CI], 1.04-4.05; P = 0.039). No significant difference in MACE was observed among patients
with primary ST abnormalities (HR 1.64; CI 0.87-3.06; P = 0.124) or T-wave abnormalities
(HR 1.15; CI 0.62-2.16; P = 0.658) compared with patients who had normal ECG. Among
patients with secondary ST/T changes, abnormal MPI was not associated with a significant
increase in MACE rates compared to normal MPI (HR 1.18; CI 0.31-4.58; P = 0.808). However,
abnormal MPI was associated with higher MACE rates among patients with primary ST
abnormalities (HR 4.50; CI 1.44-14.10; P = 0.005) and T-wave abnormalities (HR 3.74; CI 1.20-
11.68; P = 0.015). Similarly, myocardial ischemia on regadenoson stress SPECT-MPI was not
associated with a significant increase in MACE rates in patients with secondary ST/T
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abnormalities (HR 1.45; CI 0.38-5.61; P = 0.588), while it was associated with a higher inci-
dence of MACE in patients with primary ST abnormalities (HR 3.012; CI 0.95-9.53; P = 0.049)
and T-wave abnormalities (HR 5.06; CI 1.60-15.96; P = 0.002).

Conclusion. While patients with secondary ST/T abnormalities had significantly higher
MACE risk, abnormal MPI or presence of myocardial ischemia on regadenoson SPECT-MPI
in this group does not add prognostic information. Patients with primary ST abnormalities and
T-wave abnormalities do not seem to have a significantly higher MACE risk compared to those
with normal ECG; however, abnormal MPI or presence of myocardial ischemia, in these
groups, correlates with higher MACE rates. (J Nucl Cardiol 2022;29:810-21.)
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Abbreviations

CAD Coronary Artery Disease

ST/T ST-segment and T-wave

LVEF Left ventricular ejection fraction
MACE Major adverse cardiovascular events
MPI Myocardial Perfusion Imaging
MI Myocardial Infarction

SDS Summed difference scores

SRS Summed rest scores

SSS Summed stress scores

TID Transient ischemic dilation

See related editorial, pp. 822-825

INTRODUCTION

ST-segment and T-wave abnormalities (ST/T) are
frequently encountered in clinical practice ' and repre-
sent a common dilemma in the interpretation of
electrocardiograms (ECGs). Such resting ECG abnor-
malities commonly raise concerns for underlying
coronary artery disease (CAD). In addition, these
patients frequently have a variety of ischemic equivalent
symptoms, and thus often undergo stress imaging
studies, such as myocardial perfusion imaging (MPI)
with single photon emission computed tomography
(SPECT) for diagnostic and prognostic evaluation.>
While ST/T abnormalities have been shown to be
associated with adverse outcomes in the general popu-
lation,”® the prognostic implications of such
abnormalities among patients referred for stress MPI
are unclear.”"

Some studies have shown that ST/T abnormalities
are associated with cardiovascular morbidity and mor-
tality'"'5'®  regardless of sex, ethnicity, and
comorbidities, while others have found no significant
difference.'” This prognostic variability could be due to
many factors such as varying inclusion criteria, comor-
bidities, sample size, and duration of follow-up.
Moreover, majority of the studies have not further
subcategorized the ST/T abnormalities into primary ST

abnormalities, secondary ST/T abnormalities due to
ventricular hypertrophy or right bundle branch block,
and T-wave abnormalities, to determine cardiovascular
outcomes within each subset. Furthermore, limited data
exists regarding the prognostic value offered by stress
SPECT-MPI in these patients.

The main objective of this study was to determine
the prognostic implications of various subsets of ST/T
abnormalities in patients undergoing regadenoson stress
MPI. We also sought to determine the yield and
prognostic value of regadenoson stress SPECT-MPI in
patients with various subsets of ST/T abnormalities.

METHODS

Study Cohort

We implemented a retrospective cohort study
design. Patients who underwent regadenoson stress
SPECT-MPI at Rush University Medical Center, Chi-
cago, IL from July 1, 2009, to September 11, 2015, were
analyzed. In cases where more than one regadenoson
stress MPI was performed, the data from the first study
was used for analysis. During the investigation period,
16,506 unique patients underwent their first stress MPI,
among whom 5,942 (36%) underwent exercise stress
protocol and 10,564 (64%) received regadenoson stress
studies. Data on the regadenoson stress MPI studies
were collected and analyzed. The detailed methodology
used to derive this cohort has been published before.'®
Subjects with missing MPI or missing ECG tracings
were excluded. Patients with confirmed acute coronary
syndromes were excluded, as the prognostic utility of
ST-segments and T-wave abnormalities in this setting
has been well established.'” " Patients with conditions
that are inherently associated with ST/T abnormalities,
namely left bundle branch block, non-specific interven-
tricular conduction delay, and paced ventricular rhythm,
were excluded. Patients with baseline atrial flutter,
which may impede ST/T analysis were also excluded.
Subjects with known CAD, defined as prior myocardial
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infarction (MI) or coronary revascularization, were also
excluded, as ST/T abnormalities may be residua from
prior ischemic myocardial insult. Patients with right
bundle branch block were not excluded, and the asso-
ciated  ST-segment/T-wave  abnormalities  were
considered secondary.

ECG Criteria

ST/T abnormalities were determined by the inter-
preting cardiologist at the time of the test, guided by the
‘‘Recommendations for the Standardization and Inter-
pretation of the Electrocardiogram’” from the American
Heart Association, American College of Cardiology, and
Heart Rhythm Association consensus statement.”’ The
observers interpreting the ECGs were unaware of the
MPI and outcome data. ST/T abnormalities were defined
as any deviation of the ST-segment below the baseline,
while T-wave abnormalities were defined as any nega-
tive deflection of the T-wave below the baseline.
Patients with ST/T abnormalities were further subcate-
gorized into primary ST abnormalities, secondary ST/T
abnormalities, and isolated T-wave abnormalities. Sec-
ondary ST/T abnormalities were defined as changes in
the ST-segment and/or T-wave due to left ventricular
hypertrophy, right ventricular hypertrophy, or right
bundle branch block. ST-segment abnormalities other
than secondary were categorized as primary ST abnor-
malities.  Isolated  T-wave  changes  (without
accompanying ST-segment changes), not considered to
be secondary, were classified as T-wave abnormalities.

Stress MPI Protocol

Regadenoson stress SPECT-MPI studies were per-
formed according to the American Society of Nuclear
Cardiology guidelines.”>** Patients’ instructions inclu-
ded abstinence of caffeinated foods or beverages for a
minimum of 12 hours, and arrival to the nuclear
cardiology laboratory in past midnight fasting state.
Regadenoson 0.4 mg was given as a single bolus
through a peripheral venous catheter followed by a
saline flush. Since patients with left bundle branch block
and paced ventricular rhythm were excluded from this
analysis, all subjects included in this investigation were
encouraged to perform a non-standardized low-level leg
lifting exercise, as tolerated.”**> Almost all patients
underwent standard one-day rest/regadenoson stress
protocol. However, dual-isotope protocol was occasion-
ally used during periods of *™Tc shortage, and two-day
protocol with *™Tc-tetrofosmin was used in morbidly
obese individuals (body mass index > 40 kg/m?).
SPECT-MPI was acquired by dual-head Siemens
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Ecam® camera (Siemens; Hoffman Estates, IL), without
attenuation correction.’®?’

MPI scans were quantitatively analyzed by inves-
tigators blinded to clinical, ECG, and outcome data,
using Corridor4dDM software package (INVIA; Ann
Arbor, MI). Perfusion abnormalities were quantified
using a 17-segment model and the standard 5-point scale
(0, normal; 1, mild; 2, moderate; 3, severe; 4, absent
radiotracer activity).”® Myocardial perfusion scoring
was automatically determined by mapping the normal-
ized segmental photon count intensities to a
corresponding perfusion score (0-4).”® The summed
stress scores (SSS), summed rest scores (SRS), and
summed difference scores (SDS) were determined
quantitatively with no investigator over-read. Minimal
processing manipulation of perfusion data was allowed
in order to correct erroneous software determination of
the left ventricular myocardium, base, long access, or
apex. Once the perfusion data is reconstructed, perfusion
scores were not manipulated or over-read since we
intended a fully quantitative perfusion analysis. MPI
studies were further classified as normal (SSS 0-3),
mildly abnormal (SSS 4-8), moderately abnormal (SSS
9-13), and severely abnormal (SSS > 14).2%3° Simi-
larly, based on SDS, ischemic burden was categorized
into no ischemia (SDS 0-1), mild ischemia (SDS 2-4),
and moderate to severe ischemia (SDS > 5).29 Transient
ischemic dilation (TID) was calculated as the ratio of the
stress to rest left ventricular volumes, as measured from
the ungated SPECT images.*’*> A TID ratio > 1.31
was considered abnormal, based on published litera-
ture.*> Left ventricular ejection fraction (LVEF) was
measured quantitatively. LVEF reserve was calculated
as post-stress LVEF minus rest LVEF.>

Outcomes

Data was collected on all-cause death, cardiac
death, MI, and coronary revascularization. The review-
ers who adjudicated outcome events were blinded to the
ECG and MPI findings. Outcome status and events dates
were determined by conducting a comprehensive
chart review of available procedure notes and subse-
quent clinical encounters in cardiology clinic, primary
care visits, emergency room, and hospital admissions.
Social Security Death Index search was used to deter-
mine the vital status of all patients. Clinical charts
(primarily) and death certificates (secondarily) were
reviewed to determine the cause of death. Cardiac death
was defined as death due to fatal MI, fatal arrhythmias,
or heart failure. Cause of death was adjudicated,
primarily, by reviewing the electronic health records
or, secondarily, from the first listed cause of death in the
official death certificate. MI was defined as elevated
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cardiac biomarkers consistent with acute coronary syn-
drome, as determined by the managing cardiologist in
accordance with the accepted global definition of
myocardial infarction guidelines. The primary outcome
was major adverse cardiovascular events (MACE),
defined as the composite of cardiac death or MI.

Statistical Analysis

Continuous data were expressed as means + stan-
dard deviations, while categorical data were depicted as
frequencies and percentages. The Chi-square test was
used to compare categorical variables while the two-
tailed, independent-samples Student’s #-test was used to
compare normally distributed continuous variables. The
Mann—Whitney test was used to compare skewed or
non-parametric data. Kaplan-Meier plots and the log-
rank test were used to compare event-free survivals.
Adjusted risks of adverse events were assessed using
multivariate Cox regression models and were expressed
as hazard ratios (HR) and 95% confidence intervals (CI).
Important covariates that were adjusted for included age,
gender, hypertension, diabetes mellitus, dyslipidemia,
and smoking. Time zero in survival analyses represented
the date of stress MPI, and the follow-up time was
defined as either a qualifying MACE, last event-free
encounter, or a maximum follow-up of 6.5 years,
whichever occurred first. Two-tailed P value of < 0.05
was considered statistically significant in all cases. All
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analyses were performed using SPSS version 23 soft-
ware package (IBM, Inc.; Armonk, NY). The study was
approved by the institutional review board of Rush
University Medical Center (Chicago, IL).

RESULTS

Among 10,564 unique patients who underwent
regadenoson stress SPECT-MI, 4,505 were excluded
due to missing MPI files (N = 289), missing ECG
tracings (N =41), ventricularly paced rhythm
(N =322), LBBB (N = 295), prior MI or known CAD
(N = 3,907), atrial flutter (N = 41), and interventricular
conduction delay (N = 231). Table | summarizes the
baseline characteristics of the 6,059 subjects included in
the study. The mean age of the cohort was
60 + 13 years, 41% were men, 1,912 (32%) had ST/T
abnormalities [596 (10%) with primary ST abnormali-
ties, 312 (5%) with secondary ST/T abnormalities, 1,004
(17%) with T-wave abnormalities], and 4,147 (68%) had
normal ECG.

Table 2 outlines the MPI findings of the study
subjects. Notably, patients with ST/T abnormalities had
greater burden of perfusion abnormality (SSS) and
myocardial ischemia (SDS), lower LVEF, larger left
ventricular end-diastolic volume, and greater left ven-
tricular mass (Table 2). Among the study subjects, 1,118
(18.5%) had abnormal MPI and 1,127 (18.6%) had
myocardial ischemia on MPL

ST/T Abnormalities

All subjects Present Absent
Variable (N = 6059) (N = 1912) (N = 4147) P value
Age (years) 60+13 60 + 14 59 + 13 0.007
Male 2,495 (41%) 809 (42%) 1,686 (41%) 0.224
Smoking 798 (13%) 2,54 (13%) 544 (13%) 0.859
Hypertension 4,775 (79%) 1,586 (83%) 3,189 (77%) <0.001
Family history of CAD 1,695 (28%) 486 (25%) 1,209 (29%) 0.003
Diabetes Mellitus 1,141 (19%) 371 (19%) 770 (19%) 0.439
Obesity 990 (16%) 297 (16%) 693 (17%) 0.249
ESRD 829 (14%) 284 (15%) 545 (13%) 0.072
B-blocker 2,554 (42%) 952 (50%) 1,602 (39%) <0.001
CCB 1,810 (30%) 648 (34%) 1,162 (28%) <0.001
ACEi/ARB 2,445 (40%) 829 (43%) 1,616 (39%) 0.001
Digoxin 127 (2%) 60 (3%) 67 (2%) <0.001
Aspirin 2,376 (39%) 79 6 (42%) 1,580 (38%) 0.009
Clopidogrel 169 (3%) 57 (3%) 112 (3%) 0.538
Lipid lowering drug 2,330 (38%) 755 (39%) 1,575 (38%) 0.262

CAD, Coronary artery disease; ESRD, end-stage renal disease; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor blocker; CCB, calcium channel blocker
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ST/T abnormalities

All subjects Present Absent

Variable (N = 6,059) (N=1,912) (N = 4,147) P value
SSS 1.9+38 24 +46 1.7 £+ 3.3 <0.001
SRS 2034 2.3+37 1.9+3.2 <0.001
SDS 09+25 1.1 £ 3.1 0.8+ 2.1 <0.001
Abnormal MPI 1,118 (18.5%) 432 (22.6%) 686 (16.5%) <0.001
MPI Abnormality <0.001

Normal 4,941 (81.5%) 1,480 (77.4%) 3,461 (83.5%)

Mild 803 (13.3%) 299 (15.6%) 504 (12.2%)

Moderate 215 (3.5%) 8 7 (4.6%) 128 (3.1%)

Severe 100 (1.7%) 46 (2.4%) 54 (1.3%)
Ischemia 1,127 (18.6%) 401 (21.0%) 726 (17.5%) 0.001
Ischemic burden <0.001

None 4,925 (81.4%) 1,508 (79.0%) 3,417 (82.5%)

Mild 840 (13.9%) 278 (14.6%) 562 (13.6%)

Moderate 198 (3.3%) 87 (4.6%) 111 (2.7%)

Severe 89 (1.5%) 36 (1.9%) 53 (1.3%)
TID 377 (6.3%) 121 (6.4%) 256 (6.2%) 0.825
Post-stress LVEF (%) 67 +13 63 + 15 68 + 11 <0.001
LVEDV (ml) 108 + 53 120 + 64 103 + 46 <0.001
LV Mass (g) 139 + 36 146 + 42 136 + 33 <0.001

SSS, summed stress score; SRS, summed rest score; SDS, summed difference score; MPI, myocardial perfusion imaging; TID,
transient ischemic dilation; LVEF, left ventricular ejection fraction; LVEDV, left ventricular end-diastolic volume; LV, left ventricular

As shown in Figure 1, abnormal MPI was more
prevalent among patients with primary ST abnormalities
[128/596 (21%)], secondary ST/T abnormalities, [81/
312 (26%)], and T-wave abnormalities 223/1004 (22%),
compared to those with normal ECG [686/4147 (17%)],
(P values < 0.001). Similarly, myocardial ischemia was
more prevalent among patients with primary ST abnor-
malities [126/596 (21%)], secondary ST/T abnormalities
[68/312 (22%)], and T-wave abnormalities [207/1004
(21%)], compared to those with normal ECG [726/4147
(18%)], (P values < 0.001). Left ventricular dysfunction
was also more prevalent among patients with all subsets
of ST/T abnormalities, but also it was more prevalent
among those with secondary ST/T abnormalities, com-
pared to those with primary ST abnormalities or T-wave
abnormalities (Figure 1). Supplementary Tables 1 and 2
summarize the baseline clinical and imaging character-
istics of the study subjects stratified according to subsets
of ST/T abnormalities.

Outcome

During a mean follow-up of 2.3 + 1.9 years, MACE
(composite cardiac death or MI) occurred in 89 (1.5%)
patients. The observed MACE rates were significantly

different (P = 0.046) among various study groups, as
follows: 12/596 (2.0%) in the primary ST abnormalities
group, 10/312 (3.2%) in the secondary ST/T abnormal-
ities group, 12/1,004 (1.2%) in T-wave abnormalities
group, and 55/4,147 (1.3%) in the normal ECG group
(Figure 2). MACE rate was significantly higher among
patients with secondary ST/T abnormalities compared
with patients who had normal ECG (HR 2.05; 95% CI
1.04-4.05; P = 0.039), even after adjusting for clinical
covariates of age, sex, hypertension, diabetes, dyslipi-
demia, and smoking (HR 2.02; CI 1.02-4.0; R = 0.044).
No significant difference in MACE rates was observed
among patients with primary ST abnormalities (HR
1.64; 95% CI 0.87-3.06; P = 0.124) or T-wave abnor-
malities (HR 1.15; 95% CI 0.62-2.16; P = 0.658),
compared to those with who had normal ECG.

Figures 3 summarizes the annualized event rates in
study groups according to MPI abnormalities. As shown
in Figure 4, among patients with secondary ST/T
abnormalities, abnormal MPI was not associated with
a significant increase in MACE rate when compared to
patients with a normal MPI (HR 1.18; 95% CI 0.31-
4.58; P = 0.808). Conversely, abnormal MPI was asso-
ciated with higher MACE rates among patients with
primary ST abnormalities (HR 4.50; CI 1.44-14.10;



Journal of Nuclear Cardiology®
Volume 29, Number 2;810-21

35% - P <0.005

Khan et al 815
ST/T abnormalities and SPECT-MPI

30% -

25% -

21%" 21%"

20% -|

15% -

10% -

5% -

Prevalence of Imaging Abnormalities

Q
X
L

Primary ST abnormalities

 Abnormal MPI

26%" 26%*

Secondary ST/T
abnormalities

B Myocardial Ischemia

T-wave abnormalities Normal ECG

1 LV dysfunction (LVEF<50%)

Figure 1. Prevalence of MPI abnormalities in study groups. MPI, myocardial perfusion imaging;
LV, left ventricular; LVEF, left ventricular ejection fraction. *Prevalence of Abnormal MPI is
significantly higher than in Normal ECG group. "Prevalence of Myocardial Ischemia is significantly
higher than in Normal ECG group. *prevalence of LV dysfunction is significantly higher than in

Normal ECG group.
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Figure 2. MACE rates according to baseline ST/T abnormal-
ities. MACE, major adverse cardiac events. P value was
derived from a log-rank test comparing MACE-free survival
among all four groups. MACE rate was significantly higher
among patients with secondary ST abnormalities vs. normal
ECG. There was no significant difference in MACE rates
between subjects with primary ST abnormalities vs. normal
ECG and those with T-wave abnormalities vs. normal ECG.

P =0.005) and T-wave abnormalities (HR 3.74; CI
1.20-11.68; P = 0.015). The predictive value of abnor-
mal MPI in patients with primary ST abnormalities and
T-wave abnormalities remained significant after adjust-
ing for clinical covariates.

Similar pattern was seen when MACE-free sur-
vivals were compared in study groups in relation to

myocardial ischemia on regadenoson stress SPECT-MPI
(Figure 5). Myocardial ischemia was not associated with
a significant increase in MACE rate in patients with
secondary ST/T abnormalities when compared to those
without myocardial ischemia (HR 1.45; CI 0.38-5.61;
P = 0.588). On the other hand, myocardial ischemia was
associated with higher MACE rates among patients with
primary ST abnormalities (HR 3.012; CI 0.95-9.53; log-
rank, P = 0.049) and T-wave abnormalities (HR 5.06;
CI 1.60-15.96; P = 0.002). The prognostic value of
myocardial ischemia in patients with primary ST
abnormalities and T-wave abnormalities was significant
after adjusting for clinical covariates.

DISCUSSION

This large cohort study of patients with ST/T
abnormalities undergoing regadenoson stress SPECT
imaging reports several important clinical findings. First,
ST/T abnormalities are common among patients referred
for regadenoson stress MPI. Second, there was an
independent association of secondary ST/T changes with
increased risk of MACE compared to normal ECG,
whereas no such association was observed among
patients with primary ST abnormalities and isolated T-
wave abnormalities. Third, ST/T abnormalities were
associated with higher rates of perfusion, functional, and
structural abnormalities. Fourth, abnormal MPI or pres-
ence of myocardial ischemia on regadenoson SPECT-
MPI was not associated with increased risk of MACE in
patients with secondary ST/T abnormality. However,
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Figure 4. Kaplan—-Meier plots of MACE-free survival based on abnormal MPI. MACE, major
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abnormal MPI or presence of myocardial ischemia was
independently associated with increased MACE rates in
patients with primary ST abnormalities or T-wave
abnormalities. These results were consistent after adjust-
ment for important clinical covariates. Importantly, the
study cohort did not include patients with acute coronary
syndrome or known CAD.

With the immense growth in its safety, tolerability,
and prognostic data,***® regadenoson stress has
emerged as the new standard in vasodilator stress MPI.
Hage et al. and Katoor et al. demonstrated a step-wise
increase in the rates of adverse cardiac events with

increasing severity of regadenoson-induced perfusion
abnormalities on SPECT-MPI****° Farzaneh-Far et al.
established that SSS and SDS derived from regadenoson
SPECT-MPI have similar predictive value for MACE as
those indices produced by adenosine SPECT-MPL*!
Doukky et al. and Kolkailah et al. confirmed the
incremental prognostic value of regadenoson SPECT-
MPI in predicting cardiac death or MI in patients with
end-stage renal disease, particularly among those under-
going kidney transplantations.***"***> More recently,
Kassab et al. showed that even subtle perfusion abnor-
malities (SSS=1 - 3 or SDS =1) observed on
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Figure 5. Kaplan—-Meier plots of MACE-free survival based on myocardial ischemia. MACE,

major adverse cardiovascular events; HR, hazard ratio; CI, 95% confidence interval.

regadenoson SPECT-MPI are associated with increased
prevalence of obstructive CAD and higher rates of
coronary revascularization, but no significant difference
in hard events of cardiac death or ML*® Lester et al.
showed that abnormal TID in patients with abnormal
regadenoson SECT-MPI is associated with increased
risk of cardiac events.*” Doukky et al. demonstrated the
incremental diagnostic and prognostic value of regade-
noson-induced ischemic ST-segment depression, above
and beyond MPL'®*® Aljaroudi et al. and Gomez et al.
affirmed the prognostic utility of heart rate response to
regadenoson stress in patients with end-stage renal
disease.**>! Our study adds to this growing body of
evidence, establishing the prognostic utility of regade-
noson stress MPI in patients with baselines ST/T
abnormalities, a common indication for referral for
SPECT-MPL

In our investigation, secondary ST/T abnormalities
have emerged as a high-risk feature with inherent
association with poor cardiovascular outcomes regardless
of MPI findings. Although the exact explanation for these
findings remains unclear, a potential hypothesis could be
that the presence of underlying left ventricular functional
and structural abnormalities, such as left ventricular
dysfunction, left ventricular dilation, and increased left
ventricular mass, causing the secondary ECG changes
and increased MACE, irrespective of perfusion abnor-
malities. Underlying comorbidities, such as hypertension,
valvular diseases, cardiomyopathies, and pulmonary
diseases, can cause secondary ST/T abnormalities (left
ventricular hypertrophy, right ventricular hypertrophy,
right bindle branch block). Such patients with underlying
structural heart disease are inherently at risk of arrhyth-
mias, among other cardiovascular complications that
could account for early cardiac death, irrespective of

perfusion abnormalities.'’ Left ventricular hypertrophy
in particular is an independent strong predictor of
cardiovascular mortality.’*>” Moreover, many patients
with LVH have uncontrolled hypertension,”® a known
risk factor of atherosclerosis *°°' which could lead to
MI®? and other fatal cardiovascular complications. Con-
sidering these concerns, patients with secondary ST/T
changes should be managed aggressively with a close
clinical follow-up, targeting their underlying heart dis-
ease. Notably, among patients with secondary ST/T
abnormalities, MPI did not provide incremental prognos-
tic information. It is plausible that the outcome of this
subset of patients is determined by underlying myocardial
pathology and left ventricular function, irrespective of
perfusion abnormality. It is also possible, however, that
the study sample size was too small to detect a difference
in outcome on the basis of perfusion abnormality (type II
error).

Previous studies including Kumar et al.'", Davilgus
et al.ls, and Badheka et al.'® have demonstrated
increased cardiovascular mortality with ST/T abnormal-
ities. However, these studies did not perform separate
analyses in different subsets of ST/T changes. We found
no association of primary ST abnormalities and isolated
T-wave abnormalities with increased risk of cardiac
death and MI among patients referred for regadenoson
stress MPI. Particularly, patients with isolated T-wave
abnormalities had the lowest incidence of MACE among
all subsets of ST/T abnormalities. These findings suggest
that primary ST and T-wave abnormalities are not
inherently associated with an increased risk of MACE,
in contrast with secondary ST abnormalities which
represent a marker for underlying myocardial disease. A
plausible explanation for these findings could be the
association of minor ST/T abnormalities with benign
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factors such as anxiety, emotional stress, change in
posture, hyperventilation, food ingestion, use of psy-
chotropic drugs, and electrolyte abnormalities,*”°*** or
may simply be normal variances. However, an abnormal
MPI or presence of myocardial ischemia on regadenoson
stress SPECT-MPI in patients with primary ST and T-
wave abnormalities correlated with an increased risk of
MACE. Therefore, it can be concluded that primary ST
and isolated T-wave abnormalities alone should not
necessarily prompt stress SPECT-MPI unless additional
clinical indication is present. Nonetheless, when a
clinically indicated stress SPECT-MPI is performed in
these patients, MPI findings do provide valuable prog-
nostic information.

We highlight that our cohort is limited to patients
who underwent regadenoson stress and did not include
patients who received exercise stress MPL. All patients
included were encouraged to perform a non-standard-
ized, low-level leg lifting exercise. Compared to patients
undergoing exercise stress MPI, those receiving
vasodilator stress tend to be older, more obese, and
have a higher prevalence of comorbidities such as
known CAD, prior MI, congestive heart failure, dia-
betes, and hypertension.(’S'67 Therefore, patients
undergoing vasodilator stress have higher rates of
baseline ECG abnormalities than their counterparts
referred for exercise stress. In fact, in our cohort, nearly
one-third of the study subjects referred for regadenoson
stress MPI had baseline ST/T abnormalities. Given their
underlying comorbidities and age, patients who undergo
vasodilator stress are at greater risk of adverse cardiac
events and mortality than those undergoing exercise
stress, regardless of MPI findings.®®®” Given the high-
risk nature of patients undergoing vasodilator stress and
given the high prevalence of ST/T abnormalities among
these patients, understanding the prognostic implications
these baseline ECG abnormalities and the impact of MPI
findings on patients outcomes is highly relevant. Our
study helps fill-in this knowledge gap. Nonetheless, it is
important to examine the prognostic implications of ST/
T abnormalities among lower-risk patients undergoing
exercise stress MPI.

Limitations

This study has several limitations. First, this was a
single-center, observational, retrospective study which
may have led to some selection and confounding biases.
Second, a single baseline ECG was used for this study,
and therefore, any subsequent changes on follow-up
were not accounted for. Third, there could be variation
in the technique and interpretation of ECG tracings.
Fourth, the study was limited to patients undergoing
regadenoson stress MPI; and thus, the results may not be
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generalizable to patients undergoing exercise stress
MPI. Lastly, the cause of death in some patients was
determined using death certificates which may be
inaccurate.

NEW KNOWLEDGE GAINED

Our study demonstrated that ST/T abnormalities are
common among patients referred for regadenoson stress
MPI. Among ST/T abnormalities, only secondary ST/T
abnormalities are associated with an increased risk of
MACE, regardless of perfusion abnormalities on stress
SPECT-MPI. Among patients undergoing regadenoson
stress MPI, primary ST abnormalities and isolated T-
wave abnormalities are not associated with increased
risk of MACE compared to normal ECG. Future studies
with larger cohorts, other stress modalities, and multi-
center prospective design are warranted to validate
prognostication among different subsets of ST/T abnor-
malities and identify patients who may benefit from
additional risk stratification and MPI guided
management.

CONCLUSION

ST/T abnormalities are common among patients
referred for regadenoson stress MPI. While secondary
ST/T abnormalities are associated with significantly
higher incidence of MACE, abnormal MPI or presence
of ischemia on regadenoson stress SPECT-MPI does not
add prognostic information in this group. Patients with
primary ST changes or T-wave abnormalities do not
seem to have a higher MACE risk compared with
patients with normal ECG. However, abnormal MPI or
presence of ischemia in these patients correlates with a
higher incidence of MACE.
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