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Abstract

Objective To determine the significance of transient ischemic dilatation (TID) in patients with normal perfusion on adeno-
sine stress/rest.

Methods We analyzed 430 consecutive patients with normal perfusion on 2-day adenosine stress/rest *°™Tc-sestamibi. A
group of 70 patients with Framingham 10-year coronary heart disease risk < 10% was used to derive abnormal TID thresh-
olds (derivation group). The significance of TID at these thresholds was validated in the remaining 360 patients (validation
group) followed for cardiac events for 31.2+9.7 (mean + SD) months.

Results Transient ischemic dilatation in the derivation group was 1.05+0.13. Three definitions of an abnormal TID were
used: >mean+2SD (TID > 1.32),> mean+ 1SD (TID > 1.19) and a TID in the group’s highest quartile (TID > 1.15). Of the
360 validation group patients, 12 (3.3%), 48 (13.3%) and 70 (19.4%) had TID >1.32, 1.19 and 1.15, respectively. Age, gender,
family history of coronary artery disease (CAD), known CAD, smoking, hypertension, diabetes, dyslipidemia, rest LVEF,
post-stress LVEF, ALVEF, >5% or 10% decrease in LVEF did not predict TID > 1.32. However, TID > 1.19 was predicted
by rest LVEF and > 5% decrease in LVEF (P=0.04 and 0.02, respectively) and TID > 1.15 was predicted by > 5% decrease
in LVEF (P=0.02). Cardiac event-free survivals were similar in patients with a TID >and < 1.32 (P=0.68),>and < 1.19
(P=0.40) and>and < 1.15 (P=0.79).

Conclusions Transient ischemic dilatation does not confer adverse prognosis in patients with normal perfusion on adenosine
stress/rest **™Tc-sestamibi irrespective of the threshold used for its definition.

Keywords Transient ischemic dilation - Technetium-99m sestamibi - Single photon emission computerized tomography -
Adenosine

Introduction

The presence of stress-induced dilatation of left ventricular
cavity, termed transient ischemic dilation (TID) on myocar-
dial perfusion scans has been shown to provide incremental
MalikE. Juweid and Abdullah Alhouri contributed equally to this diagnostic and prognostic value [1-6]. However, its clinical
work and are joint first authors. significance in patients with normal perfusion scans remains
controversial [2].

Transient ischemic dilatation is thought to be due to one
or both of two mechanisms: a “true” dilatation due to post-
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When reporting on frequency or relevance of TID, an
“optimal” abnormal threshold is employed which varies
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between studies depending on the perfusion tracer used (e.g.,
201, 99mTe_sestamibi or —tetrofosmin, 8°Rb) [3-6, 9] and
whether exercise [3, 4] or pharmacologic stress [6, 10, 11]
was used to stress the patient [6, 10, 11].

There has only been limited reports on the abnormal TID
threshold in patients undergoing adenosine stress/rest *™Tc-
sestamibi. In addition, there is little data on the proportion of
patients with normal perfusion on these studies who have an
elevated TID nor on the prognostic value of such elevation.

The aim of this study is to determine the abnormal TID
threshold based on a cohort of patients with normal perfu-
sion who have Framingham 10-year coronary heart disease
(CHD) risk < 10% and to subsequently validate the signif-
icance of this derived abnormal TID in a large cohort of
consecutively enrolled patients followed for hard (cardiac
death or nonfatal MI) and soft (coronary revascularization
or congestive heart failure) cardiac events for a mean period
of about 2.5 years.

Materials and methods

This retrospective study was approved by the Institutional
Review Board (IRB) of Jordan University Hospital.

All patients with known or suspected CAD who under-
went a 2-day adenosine gated stress/rest *™Tc-sestamibi
imaging between March 2015 and December 2018 and had
normal perfusion were analyzed, a total of 430 patients.
Patients were divided into two groups: a derivation group
and a validation group. The derivation group was used derive
the abnormal TID threshold and consisted of 70 patients
without history of diabetes or CAD, with a left ventricular
ejection fraction (LVEF) of >50%, normal LV volume and
Framingham 10-year CHD risk < 10% [12]. The validation
group was used to validate the significance of abnormal TID
and consisted of the remaining 360 patients.

The 2-day adenosine stress/rest gated SPECT **™Tc-
sestamibi was the standard myocardial perfusion imaging
approach used at our institution during the study period,
because we intended to investigate the prevalence and prog-
nostic significance of post-adenosine TID; the 2-day proto-
col was deemed more suitable for this purpose, since any
stress-induced myocardial stunning resulting in TID would
have completely recovered when patients are imaged at rest
on a different day [13].

Gated-SPECT acquisition and interpretation

Gated adenosine stress SPECT images were obtained one
hour after injection of 15 mCi (555 MBq) of *™Tc-sesta-
mibi [20 mCi (740 MBq) in obese patients] given 3 min-
utes into a 6-min infusion of adenosine at a concentration of
140 pg/kg/min. Gated rest SPECT images were performed
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within 1 week thereafter, also 1 h after injection of 15 mCi
(555 MBgq) of 9mTe-sestamibi [20 mCi (740 MBq) in obese
patients] with no intervening cardiac event or intervention
between the stress and rest scans.

Single photon emission computerized tomography images
were acquired using a dual-head gamma camera (E.CAM;
Siemens Medical Solutions, Malvern, Pennsylvania, USA)
equipped with a high-resolution parallel hole collimator with
the peak energy set at 140 keV with a 20% window width,
180° rotation arc, 32 projections, 25 s/projection, 16 frames/
heart cycle and 64 X 64 matrix. Processing was performed
using filtered back projection to trans-axial tomographic
images and these were reoriented to the short, vertical, and
horizontal long axes. No attenuation correction was per-
formed. We used beat-rejection software to acquire data
with a stable R—R interval. A tolerance window of 20% was
strictly enforced in all patients included in this study and all
beats outside this window were rejected. Patients with atrial
fibrillation and PVCs, who made up about 5% of our patients
were only gated after applying this beat-rejection software.

We used the quantitative automated software programs
QPS and QGS (Cedar Sinai Medical Center, Los Angeles,
CA) to score the perfusion defects and wall motion abnor-
malities, respectively. Myocardial uptake in a 20-segment
model was scored as pe QPS based on a 5-point scale
ranging from O (normal uptake) to 4 (no detectable tracer
uptake) with computation of the summed stress score (SSS)
and summed rest score (SRS) for each patient by adding
the scores of the 20 segments in the stress and rest images,
respectively. The summed difference score (SDS) was com-
puted as SSS-SRS. Scans with a SSS of <3 were considered
negative (normal perfusion). Only patients with normal per-
fusion are included in the present study.

Quantitative automated software programs was used to
calculate the TID as the ratio of the average stress to the
average rest LV volume. QGS was used to measure the
global LVEF, regional wall motion and thickness, LV end-
systolic volume (LVESV) and LV end-diastolic volume
(LVEDV) at rest and post stress.

Patient outcome

The 360 patients in the validation group were followed
up for both hard (cardiac death or nonfatal MI) and soft
(coronary revascularization and congestive heart failure
requiring hospitalization) cardiac events by review of their
hospital medical records as well as via telephone contact,
either directly with the patients themselves, their relatives,
or referring physician. The mean follow-up period was
31.2+9.7 months. Cardiac death was defined as that due to
MI or sudden cardiac death ascertained as such by trained
board-certified emergency room physicians or cardiolo-
gists. Nonfatal MI was defined based on the third universal
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definition, the hallmark of which is the detection of a rise
and/or fall of cardiac biomarker values, with at least one of
the values being elevated (i.e., > 99th percentile upper ref-
erence limit, URL) [14]. High sensitivity troponin I is used
in our laboratory in addition to one of the following condi-
tions: symptoms suggestive of myocardial infarction, ECG
changes, evidence of myocardial damage or identification of
coronary thrombus. Coronary revascularization is defined as
either percutaneous coronary intervention (PCI) or coronary
artery bypass grafting (CABG). Congestive heart failure
hospitalization is defined as hospitalization due to pulmo-
nary edema diagnosed by clinical criteria, laboratory data,
and echocardiography.

Statistical analysis

Categorical variables, reported as frequencies and as per-
centages, were compared using Pearson’s Chi-squared test or
Fisher Exact test, as appropriate. Mann Whitney U test was
used to compare continuous variables. These were reported
using means =+ the standard deviations.

We examined the frequency, prognostic significance and
predictors of abnormal TID, as previously reported in the
literature [2]. Cardiac event-free survivals for normal and
abnormal TID ratios were compared using Kaplan—Meier
plots and log rank test. Hazard ratio for abnormal TID ratio
was obtained through the Cox proportional hazard model.

Univariate analysis was first carried out to identify which
variables among all possible variables known by published
literature to potentially affect a certain outcome, such as
abnormal TID or cardiac events were significant predictors
in our patient population. The variables included were age,
sex, family history of CAD, known history of CAD, dia-
betes, hypertension, dyslipidemia, rest LVEF, post-stress
LVEF, ALVEF and TID.

Multivariate analyses for possible independent predictor
variables of cardiac events and abnormal TID were carried
out using the logistic regression model. Only significant var-
iables (P <0.05) by univariate analysis were entered into the
multivariate analysis. Statistical significance was determined
at two-sided P-value <0.05. Analyses were performed in R
version 3.5.0 and relevant packages [15].

Results
Definition of abnormal TID

The mean TID (+SD) of the derivation group was
1.05+0.13. Three definitions of an abnormal TID were used:
a value > mean +2SD (TID >1.32), a value > mean+ 1SD
(TID >1.19) or as a value in the highest quartile of the deri-
vation group (TID > 1.15).

Validation group characteristics and TID

Table 1 shows the baseline characteristics of the 360 patients
in the validation group. Two-hundred and three patients
(56.4%) were diabetic and history of CAD was confirmed
in 151 patients (41.9%) by the presence of documented prior
myocardial infarction or the documentation of CAD by coro-
nary angiography.

Coronary angiography (CAG) reports were available
in106 of the 151 patients; the remaining patients had their
CAG performed at outside institutions. Of the 106 patients,
81 had obstructive CAD. The extent of CAD in these patients
and the percent diameter stenosis are shown in Fig. la—d.
All these patients underwent revascularization (stent in 77
and CABG in 4) prior to the myocardial perfusion scan.

The mean TID in the 360 patients was 1.05+0.14
(median =1.04, range 0.61-1.76). The TID values were not
normally distributed in these patients (P <0.001 based on
Shapiro’s test indicting departure from normality). These
TID values were not significantly different from those in the
derivation group (P =0.80) although the validation group
had high percentages of patients with recognized risk fac-
tors, such as history of CAD (41.9%), diabetes (56.4%) and
dyslipidemia (70%).

Only 12 of the 360 patients (3.3%) of the validation group
had a TID >1.32 (> mean + 2D in the derivation group).

Table 1 Patients’ baseline characteristics (n=2360)

Variables
Age (year)? 609+11.5
Male, n (%) 176 (48.9%)
Family history of CAD, n (%) 24 (6.7%)
Known CAD, n (%) 151 (41.9%)
Smoking, n (%) 96 (26.7%)
Hypertension, n (%) 276 (76.7%)
Diabetes, n (%) 203 (56.4%)
Dyslipidemia, n (%) 252 (70.0%)
Functional parameters®
Rest LVEF 64.5+10.1
Post-stress LVEF 63.3+9.9
ALVEF -12+52
ALVEF<-5% 90 (25.0%)
ALVEF<-10% 16 (4.4%)
TID® 1.05+0.14
TID > mean +2 SD¢ 12 3.3%)
TID > mean + SD¢ 48 (13.3%)
TID >75th percentiled 70 (19.4%)
*Mean+ SD

Transient ischemic dilatation
“Reference is to the mean and SD of the TID in the derivation group

dReference is to the percentile ranking in the derivation group
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a Baseline Extent of CAD In Patients With Known Obstructive CAD

50
45
40
35

30
3(28%.
25 )

20
15
10

5

Single-vessel disease

43(53%)

15(19%)

Double-vessel disease Triple-vessel disease

Percent Diameter Stenosis of LAD Lesions

25 22(41.5%)

15(28.3%)

20
6(30.2%)

15

10

5

50-69% 70-90% >90%

c . . .
Percent Diameter Stenosis of LCX Lesions
12 11(40.7)
10
8(29.6%) 8(29.6)

8
6
4
2
0

50-69% 70-90% >90%
d

Percent Diameter Stenosis of RCA Lesions

6(35.5%)
15(33.3%)

14(31.1%)

70-90% >90%

50-69%

Fig. 1 a Baseline extent of coronary artery disease (CAD) in patients
with known obstructive CAD, b Percent diameter stenosis of left
anterior descending artery (LAD) lesions, ¢ Percent diameter stenosis
of left circumflex artery (LCX) lesions, d Percent diameter stenosis
of right coronary artery (RCA) lesions

The mean TID in these 12 patients was 1.44+0.13 (range
1.32-1.76) vs. 1.04 £0.12 (range 0.60-1.31) in the 348
patients with a TID ratio of < 1.32 (P <0.0001).
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Forty-eight of the 360 patients (13.3%) had a TID >1.19
(>mean+ 1SD in the derivation group). The mean TID
in these 48 patients was 1.29+0.11 (range 1.19-1.76) vs.
1.01 +£0.09 (range 0.60—1.18) in the 312 patients with a
TID < 1.19 (P <0.0001). Seventy of the 360 patients (19.4%)
had a TID > 1.15 (highest quartile of the derivation group).
The mean TID in these 70 patients was 1.25+0.11 (range
1.15-1.76) vs. 1 £0.09 (range 0.60—1.14) in the 290 patients
with a TID < 1.15 (P <0.0001).

Predictors of abnormal TID

Table 2 shows the distribution of clinical and functional
parameters in the 12 patients with a TID > 1.32 as compared
to the 348 patients with a TID < 1.32. Six of the 12 patients
had known CAD and CAG was available in 4 of them. Three
of the four patients had obstructive CAD manifested as sin-
gle-vessel disease in two and double-vessel disease in one.
% Diameter stenosis of LAD lesions in the patients were
50-69% in 2 patients and >90% in one. One patient had
50-69% RCA stenosis. All three patients underwent revas-
cularization prior to the myocardial perfusion scan.

Univariate analysis showed that none of the param-
eters in Table 2, including age, gender, family history of
CAD, known CAD, smoking, hypertension, diabetes, dys-
lipidemia, rest LVEF, post-stress LVEF, ALVEF, >5%
decrease in LVEF (ALVEF < —5%) and > 10% decrease in
LVEF (ALVEF < — 10%) were significantly associated with
aTID>1.32.

When a TID threshold of 1.19 was used to define
an abnormal TID, univariate analysis showed that age
(P=0.02), rest LVEF (P=0.003), ALVEF (P =0.0008),
and ALVEF<—5% (P <0.0001) were significantly associ-
ated with a TID > 1.19. However, at multivariate analysis,
only rest LVEF (P=0.04) and ALVEF-5% (P=0.02) were
significant predictors of a TID >1.19.

The TID threshold of 1.15 was associated with rest
LVEF (P=0.03), ALVEF (P=0.001) and ALVEF<-5%
(P=0.003) in univariate analysis with ALVEF <—5% being
a significant predictor of a TID > 1.15 at multivariate analy-
sis (P=0.02).

Predictors of cardiac events

After a mean follow-up period of 31.2+9.7 months (range
10-61 months), 42 patients (11.7%) had a cardiac event,
including 9 (2.5%) hard (4 cardiac deaths and 5 nonfatal
MI) and 33 (9.2%) soft events (25 revascularizations and
8 congestive heart failure requiring hospitalization). Early
revascularization (< 60 days after the index SPECT scan)
occurred in only two patients. SPECT result did not influ-
ence revascularization in these two patients, since it was
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Table 2 Distribution of clinical

: . Normal TID Abnormal TID P-value OR [95% CI]

anq funct19nal parameters in (<132) (n=348) (>1.32) (n=12)

patients with abnormal TID

(>mean+2SD) as compared to Clinical parameters

normal TID Age? 60.7+11.6 65.3+10.1 0.17 1.04 [0.98-1.09]
Male gender, n (%) 171 (49.1%) 5@41.7%) 0.611 0.74 [0.23-2.37]
Family history of CAD, n (%) 23 (6.6%) 1(8.3%) 0.569 1.29[0.16-10.4]
Known CAD, n (%) 145 (41.7%) 6 (50.0%) 0.565 1.40 [0.44-4.43]
Smoking, n (%) 93 (26.7%) 3(25.0%) 0.894 0.91 [0.24-3.45]
Hypertension, n (%) 265 (76.1%) 11 O1.7%) 0.309 3.45[0.44-27.1]
Diabetes, n (%) 195 (56.0%) 8 (66.7%) 0.465 1.57 [0.46-5.31]
Dyslipidemia, n (%) 242 (69.5%) 10 (83.3%) 0.522 2.19[0.47-10.2]

Functional parameters®

Rest LVEF 64.4+10.2 65.7+7.6 0.83 1.01 [0.95-1.07]
Post-stress LVEF 63.3+9.8 64.5+7.7 0.66 1.01 [0.95-1.08]
ALVEF —-1.2+52 —-1.2+54 0.99 1.00 [0.90-1.12]
ALVEF<-5% 86(24.7%) 4 (33.3%) 0.498 1.52[0.45-5.18]
ALVEF<-10% 16(4.6%) 0 (0%) 0.447 -

“Mean=+ SD

YOR [95% CI]=odds ratio [95% confidence interval]

normal showing relatively low TID of 1.09 and 1.26 that
were not reported to the referring cardiologist.

At baseline, 30 of the 42 patients with cardiac events
had known CAD with CAG reports available in 27 of them.
Nineteen of those 27 patients had obstructive CAD mani-
fested as single-vessel disease in 11, double-vessel disease
in 3 and triple vessel disease in 5. % Diameter stenosis of
LAD lesions in the patients were 50-69% in 3, 70-90% in
4 and >90% in 6. The corresponding numbers for the LCX
were 2, 2 and 1 patients, respectively and for the RCA, 2,
4 and 3 patients, respectively. The remaining 12 of the 42
patients did not have known CAD prior to myocardial perfu-
sion scan and hence did not undergo CAG.

There was no apparent relationship between having mul-
tivessel disease and increased TID. Thus, based on the 81
patients who had obstructive CAD, abnormal TID was seen
in 2 of the 43 patients (4.7%) with single-vessel disease, 1
of the 23 patients with double-vessel (4.3%) and 0O of the 15
patients (0%) with triple vessel disease.

At the time of event, 30 patients had CAG, 23 at our
institution and 7 at an outside institution. Out of the 23 who
had CAD at our institution, 4 had single-vessel disease, 11
double-vessel disease and 5 triple-vessel disease. % Diam-
eter stenosis of LAD lesions in the patients were 50-69% in
4,70-90% in 5 and >90% in 6 patients. The corresponding
numbers for the LCX were 7, 4 and 2 patients, respectively,
and for the RCA, 3, 3 and 7 patients, respectively. The other
12 of the 42 patients had either fatal MI (n=4) or congestive
heart failure (n=8), where CAG was not deemed necessary.
One of the four patients with fatal MI had old MI prior to
the scan, while the other three had known CAD with CAG

performed at an outside institution. Seven of the 8 patients
with congestive heart failure had known CAD of whom 4
had CAG at our institution showing single-vessel disease in
3 and triple-vessel disease in 1.

Among the variables of age, gender, family history of
CAD, known CAD, smoking, hypertension, diabetes, dys-
lipidemia, TID as continuous variable, TID as cutoff val-
ues of >1.32, 1.19 and 1.15, rest LVEF, post-stress LVEF,
ALVEF, > 5% decrease in LVEF (ALVEF <—5%) and > 10%
decrease in LVEF (ALVEF < —-10%), only known CAD
(P<0.001) and > 10% decrease in LVEF (ALVEF < — 10%)
(P=0.01) were significant predictors of future cardiovas-
cular events. In contrast, TID as continuous variable or as
cutoff values of >1.32 1.19 and 1.15 were not significant
predictors (P=0.25, 0.64, 0.63, and 0.73, respectively).
Excluding the two patients with early revascularization did
not affect the result of this analysis.

At multivariate analysis, known CAD (P <0.0001) and
ALVEF <-10% (P=0.03) remained significant predictors
of cardiac events.

TID and cardiac events

Figure 2a—c shows the hard, soft and total cardiac events in
the patients with TID >1.32 vs. < 1.32, TID>1.19 vs.< 1.19
and TID>1.15 vs. < 1.15.

No significant differences in the hard, soft or total cardiac
event rates were found between the patients with and without
aTID>1.32 (P=0.27,0.99 and 0.64, respectively; Fig. 2a),
with and without a TID>1.19 (P=0.34, 0.28 and 0.63,
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Fig.2 a Total, soft and hard
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respectively; Fig. 2b) and with and without a TID > 1.15
(P=0.69, 0.82 and 0.73, respectively; Fig. 2c).

The positive predictive values (PPVs) of the TID thresh-
olds of 1.32, 1.19 and 1.15 for predicting cardiac events
were 16.7%, 8.3% and 12.9%, respectively. The sensitivities
of these thresholds for cardiac events were 4.8%, 9.5%, and
21.4%, respectively.
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Patients where TID>=75th Percentile(n=70)

"6 Coronary revascularization, 1 congestive heart failure
" 1 Cardiac death, 1 Nonfatal M|

Figure 3 shows the unadjusted and adjusted
Kaplan—Meier survival curves in the patients with and
without a TID >1.32, with and without a TID >1.19,
and with and without a TID > 1.15. Event-free surviv-
als were similar in patients with a TID >and < 1.32
(P=0.68), in patients with a TID>and < 1.19 (P=0.4),
and in patients with a TID >and < 1.15 (P=0.79). The
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Fig.3 a, b Unadjusted and
adjusted Kaplan—Meier survival
curves in the patients with and
without a TID >mean+2SD
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Fig.3 (continued) d Direct Adjusted Survivor Functions
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unadjusted hazard ratio (95% confidence intervals) for
cardiac events for TID >1.32 was 1.34 (0.32-5.60),
P =0.68, while the hazard ratio adjusted for the variables
of known CAD and > 10% decrease in LVEF was 1.49
(0.36-6.20), P=0.58. The unadjusted hazard ratio (95%
confidence intervals) for cardiac events for TID > 1.19 was
0.64 (0.23-1.81), P=0.40, while the hazard ratio adjusted
for the variables of known CAD and > 10% decrease in
LVEF was 0.56 (0.20-1.59), P =0.28. The unadjusted
hazard ratio (95% confidence intervals) for cardiac events
for TID >1.15 was 1.11 (0.53-2.31), P=0.79, while the
hazard ratio adjusted for the variables of known CAD
and > 10% decrease in LVEF was 1.02 (0.48-2.16),
P=0.95.

Discussion

Our study is the first to address the significance of TID in
patients with normal myocardial perfusion using a 2-day
adenosine stress/rest *™Tc-sestamibi protocol [16-22].

The thresholds used to define an abnormal TID
were: > derivation group’s mean TID +2SD (TID >1.32) or
1SD (TID > 1.19) or a TID > the 75th percentile of the deri-
vation group (TID > 1.15). The > mean TID +2SD approach
has been employed in most previous studies [3, 4, 6, 11,
16, 17, 19]; however, other studies explored the use of the
derivation group’s mean TID + 1SD as an abnormal TID
cutoff [17, 20]. The highest quartile approach was previously
based on the validation rather than the derivation group and
represented a post hoc analysis rather than one based on
a predefined threshold from a control population [10, 19].

Our derived abnormal threshold based on the derivation
group’s mean+2SD (1.32) is similar to the 1.31 threshold
reported in patients undergoing rest/regadenoson stress
9mTe-tetrofosmin SPECT [17], the 1.39 threshold in patients
undergoing rest 2! Tl/regadenoson stress **™Tc-sestamibi
dual-isotope SPECT [11] and the abnormal TID threshold
of 1.37 for rest ! Tl/adenosine stress **™Tc-sestamibi dual-
isotope SPECT [6]. However, lower abnormal TID thresh-
olds ranging from 1.12 to 1.23 were found for rest 2°'Tl/
exercise stress * ™ Tc-sestamibi dual-isotope SPECT (1.23)
[4], rest/exercise **™Tc-sestamibi SPECT (1.19) [18], rest/
exercise *™Tc-sestamibi SPECT (1.16) [16], rest/adenosine
9mTe_sestamibi SPECT (1.22) [16], rest/dipyridamole 8?Rb
PET (1.14) [5] and for the now obsolete exercise/redistribu-
tion 2! T1 SPECT (1.12) [3], suggesting that the abnormal
TID threshold may be radioisotope/radiotracer and protocol-
specific, the latter including the modality and/or drug used
to stress the patients [2-6, 11, 16—18].

It appears that the TID using adenosine stress is some-
what higher than with exercise even using the same radi-
otracers. Thus, the reported TID for rest 201'T1/adenosine

stress *?™Tc-sestamibi is 1.37 vs. 1.23 for rest 2! Tl/exercise
stress *™Tc-sestamibi [4, 6]. Doukky et al. also reported
slightly higher TID values with rest/adenosine **™Tc-ses-
tamibi compared with rest/exercise **™Tc-sestamibi (1.22
vs. 1.16) [16].

Factors affecting TID in patients with normal
perfusion

Our study in patients with normal perfusion did not find that
any of the clinical and functional parameters examined were
predictive of an abnormal TID > mean + 2D. This could, in
part be due to the small sample size of patients exceeding
this threshold (n=12). In fact, in multivariate analysis,
TID>1.19 and > 1.15 seen in 48 and 70 patients, respec-
tively were predicted by > 5% decrease in LVEF, a perhaps
expected finding considering that the TID may be due to
increased post-stress LVESV and LVEDV compared with
rest. Interestingly, unlike Doukky et al. our study did not find
association between TID and diabetes or known CAD [16].

TID and cardiac events

The most critical finding of our study is that, in patients with
normal perfusion the TID as a continuous variables or as
cutoff value was not significantly associated with increased
cardiac events with similar cardiac event-free survivals in
patients with TID at or above vs. below these cutoff values.

The PPVs of the three TID thresholds were very poor
(8.3-16.7%). While a TID > 1.32 had the highest PPV, 10
of 12 patients (83%) with such TID did not have any cardiac
event over more than a 2.5-year follow up period. Moreover,
the only 2 patients with TID > 1.32 who experienced cardiac
events represented only 4.8% of those who experienced a
cardiac event subsequent to the stress/rest adenosine study.

Lack of association between TID and the presence of
severe and/or extensive CAD or major adverse cardiac
events (MACE) was reported in contemporary studies of
patients with normal perfusion [21, 22]. For example, Valdi-
ziezo et al. found an 11% incidence of left main or multi-
vessel CAD in 28 patients with TID vs. a 16% incidence in
68 patients without TID with no significant increase in the
incidence of any CAD in the TID patients [21]. Halligan
et al. also not did find an increased incidence of multivessel
disease or MACE in patients with TID and normal perfusion
[22]. However, Doukky et al. found that TID is associated
with a higher cardiac event rate in patients with diabetes
and/or known CAD despite having normal perfusion on
rest/stress ™Tc-sestamibi SPECT [16]. No such associa-
tion was found in our study, where the cardiac event rates
were similar between patients with TID who were diabetic
and those who were not, those with and without known CAD
and those with both diabetes and CAD vs. those without
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this combination (data not shown). Overall, the majority of
studies support our finding of a lack of association between
TID and cardiac events or severe/extensive CAD in patients
with normal myocardial perfusion. The advantage of cardiac
events analysis in our study is the potential for capturing
adverse events that may occur despite insignificant CAD
due to occult coronary microvascular dysfunction (CMD),
which, similar to post-stress LVEF reduction may be respon-
sible for the TID in some patients with normal perfusion
who have multiple risk factors, including diabetes, hyper-
tension, known CAD, and, potentially old age [23, 24]. It is
important to emphasize, however, that the cause of abnormal
TID in patients with normal perfusion remains unclear.

While agreeing with most contemporary studies on TID,
our findings are different from those of older studies which
found higher cardiac event rates in patients with normal
(SSS=0) or near normal (SSS < 3) perfusion. Most nota-
bly, Abidov et al. showed that TID increased the risk of
cardiac events threefold (2.4% vs. 0.8% year, P=0.001) in
1560 patients with a SSS of 0 and no resting LV enlargement
and about twofold (2.2% vs. 1.0%/year, P=0.002) in 2037
patients with an SSS <3 and no resting LV enlargement [19].
The decreasing incidence of severe CAD or cardiac events
in patients with TID and normal perfusion in contemporary
compared to older studies is believed to be, in part related to
the decreasing prevalence of ischemia on myocardial SPECT
studies, declining from 29.6% in 1991 to 5.0% in 2009 [2,
17, 25]. In fact, Bourque argues that the decreasing pres-
ence and severity of CAD resulted in a decline in the PPV
of TID for severe CAD with the abnormal TID now more
likely representing another cause, such as the manifestation
of cardiomyopathy or measurement variance [2, 20].

Limitations

One of the limitations of our study is its retrospective nature
and that it was conducted at a single institution. We did not
have a sufficient number of patients who underwent CAG to
draw firm conclusions regarding the presence of severe and/
or extensive CAD in patients with abnormal TID vs. those
without, because patients with normal perfusion, even with
abnormal TID typically do not undergo CAG unless other
findings are present compelling the cardiologist to perform
CAG. This was one of the main reasons for using cardiac
events as the primary endpoint in our study.

Conclusion
The present study showed that TID does not confer an

adverse prognosis and is not an independent prognostica-
tor in patients with normal perfusion on adenosine stress/

@ Springer

rest **"Tc-sestamibi SPECT. Our findings add to existing
evidence that TID in these patients is typically benign and
should not automatically expose patients to coronary angi-
ography and, therefore, have implications in patient manage-
ment. Notwithstanding all speculations, the cause of abnor-
mal TID in patients with normal perfusion remains unclear.
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