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Abstract

Transient alterations in ventricular conduction and synchronized cardiac performance have been reported in experimental
models of myocardial ischemia. In post-stress **™Tc-sestamibi-gated-SPECT myocardial perfusion imaging (MPI), the time
elapsed between tracer injection and image acquisition could influence the detection of ischemic left ventricular mechanical
dyssynchrony (LVMD). We aimed at evaluating whether early vs. delayed post-stress MPI improve ischemic LVMD detection
using the phase analysis parameters standard deviation (SD) and histogram bandwidth (HB) and to assess the correlation
between stress-induced changes in SD and HB and other functional parameters. We prospectively studied 32 control subjects
(Group-1) and 60 ischemic patients (Group-2). Stress-induced changes were calculated as stress minus rest (A). LVMD was
defined as post-stress increases of either SD or HB. Group-2 showed higher ASD and AHB in early than in delayed images:
early ASD: 1.63 (— 0.37 to 4.83) vs. delayed ASD: — 0.39 (— 3.82 to 1.74); early AHB: 2.50 (— 4 to 12) vs. AHB delayed:
—4(—15.75t04), all p<0.01. ASD and AHB correlated linearly with ALV-ejection-fraction (EF) and ALV-end systolic-
volume (ESV) in early images, all p <0.01. Early images detected LVMD in more patients than delayed scans (78% vs. 38%;
p<0.01) All patients with LVEF drop in early post-stress evaluation had LVMD. Early post-stress images improve ischemic
LVMD detection. Ischemic LVEF and LVESV changes correlate with ASD and AHB.
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Introduction

Myocardial stunning is defined as the delayed recovery of
regional myocardial contractile function after reperfusion
despite restoration of normal flow and absence of irrevers-
ible damage [1]. A transient stunning phenomenon has been
also found to occur after treadmill exercise or pharmaco-
logic stress tests [2]. As has been shown in animal models
of experimentally-induced ischemia, molecular changes
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both in Purkinje cells and myocytes transiently alter intra-
ventricular conduction and thereby synchronized functional
performance [3]. Left ventricular mechanical dyssynchrony
(LVMD) could therefore be an early event that leads to
ischemic abnormalities in regional wall motion and left
ventricular ejection fraction (LVEF).

Left ventricular (LV) function, one of the most impor-
tant prognostic variables, can be accurately measured with
electrocardiogram-gated single photon emission computed
tomography (ECG-gated SPECT) myocardial perfusion
imaging (MPI), which provides incremental prognostic
information regarding the extent of perfusion abnormalities
[4-6].

Phase analysis obtained from ECG-gated SPECT MPI
has been introduced as an automated method for the evalu-
ation of LVMD with high reproducibility and retrospective
evaluation ability [7-9].

Beyond predicting the response to resynchronization
therapy [10, 11], LV synchrony evaluation has demonstrated
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additional prognostic information in patients with various
comorbidities such as diabetes and terminal stage renal
disease [12, 13]. Particularly, in ischemic patients different
studies have described LVMD related to large amounts of
jeopardized myocardium and to multiple vessel disease [ 14,
15]. Thus, LV synchrony evaluation could be an additional
sensitive tool for acute stunning detection in this population.

Due to the transitory nature of stunning, the timing for
post-stress image acquisition may be crucial for the detec-
tion of transient ischemic changes in mechanical synchrony
[16, 17].

The main objective of this prospective study was to eval-
uate whether early vs. delayed post-stress images of *°Tc
sestamibi ECG-gated SPECT MPI, improve the detection
of LVMD produced by myocardial ischemia, compared to
control subjects.

An additional objective was to assess the correlation
between stress-induced changes in standard deviation
(SD) or histogram bandwidth (HB) and other functional
parameters.

Materials and methods
Patient selection

This study complies with the Declaration of Helsinki of
1964 and all subsequent revisions and was approved by the
Ethics Committee of the Favaloro Foundation University
Hospital. Written informed consent was signed by all the
patients.

Between March 2018 and March 2020, we prospectively
studied 92 consecutive patients referred to our hospital for
MPI *™Tc-sestamibi ECG-gated SPECT. We divided them
into two groups.

Group-1 (control patients) included patients with (1) low
likelihood for coronary artery disease: no typical/atypical
angina, no history of myocardial infarction or known cor-
onary artery disease and no diabetes mellitus, peripheral
or cerebral vascular disease; (2) normal baseline electro-
cardiogram and normal exercise or pharmacological stress
test (asymptomatic and without pathological ST-segment
changes and adequate hemodynamic response to the test),
and (3) normal gated perfusion imaging.

Group-2 (ischemic patients) included patients with (1)
a positive exercise or pharmacological stress test (typical
angina or dyspnea and/or exercise ST-segment depres-
sion>?2 mm from baseline or ST elevation> 1 mm in leads
in absence of Q waves, and/or drop in systolic blood pressure
higher than 10 mmHg from baseline despite an increase in
workload, when accompanied by other evidence of ischemia
in exercise stress test), and (2) presence of reversible perfu-
sion defects.
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Patients with left bundle branch block, history of pace-
maker implantation or atrial fibrillation and left ventricular
ejection fraction (LVEF) <35% were excluded from this
study.

The demographics, comorbidities, and medications were
recorded.

Stress test protocol

Exercise stress modalities included treadmill or bicycle and
were carried out according to standardized protocols (Bruce
or modified Bruce protocol and Astrand or modified Astrand
protocol, respectively).

Pharmacologic stress modalities included: (1) Dipyrida-
mole: After avoiding consumption of any products contain-
ing methylxanthines and theophylline for at least 24 h prior
to the testing. Dipyridamole was administered at 0.56 mg/
kg intravenously over a 4-min period; (2) Dobutamine was
infused incrementally starting at a dose of 5 mcg/kg/min,
which was increased at 3-min intervals to 10, 20, 30 and 40
mcg/kg/min [18].

SPECT imaging protocol

Patients underwent a 1-day protocol with injections of
300-370 MBq (8-10 mCi) and 740-925 MBq (20-25 mCi)
of ®MTc-sestamibi for the low and high dose image, respec-
tively. Patients with body weight > 100 kg, known LV dila-
tion, breast prosthesis or breast perimeter > 100 cm under-
went a 2-day protocol with injections of 555 MBq (15 mCi)
of *™Tc-sestamibi each day. Prone and/or supine posi-
tions were used to avoid breast and diaphragm attenuation
artifacts.

Images were obtained with a step and shoot protocol,
180° elliptical orbit with 60 projections. A dual-head detec-
tor gamma camera (General Electric Ventri or Discovery
NM630) with high resolution, low energy collimator was
used. A 15% window was centered on the 140 keV gamma
peak and another at 120 keV for scatter correction. A 64 X 64
matrix was used and the gating was done with 8 frames per
R-R cycle.

ECG-gated SPECT MPI was obtained at early stress,
delayed stress and rest with *™Tc-sestamibi according to
ASNC guidelines as previously described [19]. Early stress
images were started latest 15 min after tracer injection.
Delayed stress images and rest images were started 1 h after
tracer injection. All images were reviewed for quality control
measures. The overall quality of each study was classified as
excellent, good, poor or uninterpretable [20].
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Processing of SPECT images

All studies were processed with commercially available
Myovation Evolution software (GE Medical Systems,
Waukesha, WI, USA) on GE Xeleris nuclear medicine
workstation. Non-attenuation correction SPECT emission
images were processed. Filtered OSEM with 12 iterations
and 10 subsets was used. Motion correction procedure was
applied if necessary. After proper alignment, tomography
slices (short-axis, vertical and horizontal long-axis) were
generated.

Image analysis

Reconstructed SPECT images were reported by nuclear car-
diologists using Emory Cardiac Toolbox (ECTbox; Emory
University, Atlanta, GA, USA) software.

The American Heart Association 17-segment model was
applied for semi-quantitative visual assessment of MPI.
Each segment was scored by consensus of two independent
expert physicians: normal uptake (score 0); mildly reduced
uptake (score 1) moderately reduced uptake (score 2);
severely reduced uptake (score 3); and absent uptake (score
4). Semi-quantitative visual scores: summed stress score
(SSS), summed rest score, and summed difference score
(SDS) were calculated for early and delayed stress and rest
images. An SSS =0 was interpreted as normal perfusion.
The ischemic load was defined as mild (SDS: 1-3) moderate
(SDS: 4-7) and severe (SDS >7).

ECG-gated image analysis: left ventricular function
and mechanical dyssynchrony

Each study was assessed for gating quality control. Base,
apex, radius and center parameters were manually corrected
when necessary. Manual check and minor adjustments for
misalignment of parameters were done in all cases. In order
to avoid errors in imaging processing, we previously devel-
oped a training program for high interobserver reproduc-
ibility assurance.

LV end diastolic volume, LV end systolic volume
(LVESV), transient ischemic dilation ratio and LV ejection
fraction (LVEF) were measured from the early and delayed
stress and rest ECG-gated images using the software imple-
mented in the ECTbox.

Normal ECG-gated MPI was defined as rest LVEF > 55%
and rest LVESV <70 ml.

The ECTbox was also used for phase analysis to assess
LVMD at early stress, delayed stress and rest ECG-gated
images [7]. Phase analysis parameters SD and HB were
measured from each image in both groups.

Stress-induced changes of SD and HB (ASD and AHB)
were calculated as stress minus rest [21, 22].

Post-stress worsening of phase analysis parameters or
LVMD was defined as post-stress increase in either SD or
HB [23].

An abnormal post-stress response of LVEF was defined
as a>5% drop with respect to rest, as has been previously
reported to indicate post-stress myocardial stunning [16, 23].

Follow-up

A short-term follow-up (3 months) was conducted by
reviewing the medical history record or by telephone, in
order to know the medical therapy prescribed and the coro-
nary anatomy when assessed.

Statistical analysis

Marrugat’s formula was used to calculate the sample size
needed to determine differences in the proportions of LVMD
between group-1 and group-2 [24]. Considering the fol-
lowing parameters: (1) 95% 2-tailed confidence level, (2)
80% power, and (3) estimated prevalence of LVMD 0%
in group-1 and 40% in group-2, this being the average of
20% in mild ischemic patients and 60% in severe ischemic
patients, as previously reported [21], the minimum sample
size was 15 patients per group. To determine differences
in the proportions of LVMD according to ischemia degree
within group-2, the minimum sample size yielded by Mar-
rugat’s formula was 12 patients in each group.

Categorical variables were compared using Pearson
Chi-square test or Fisher’s exact test as appropriate and are
expressed as number and percentage. Shapiro—Wilk test was
applied to check variable normalcy. Continuous data were
compared using Student’s t test, Wilcoxon rank sum test or
Kruskal-Wallis One-way ANOVA as appropriate, and are
expressed as mean + standard deviation (SD) or median and
interquartile range (Q1st—Q3rd) for nonparametric variables.
Pearson’s correlation was used to measure the degree of
relationship between linearly related variables. All p-values
are two-tailed, Values of p <0.05 indicate statistical signifi-
cant differences. Statistical analyses were performed using
Statistix 7 version 7.1 (Analytical Software, Tallahassee, FL,
USA).
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Table 1 Clinical characteristics,

. Group-1 (n=32) Group-2 (n=60) P
stress test and left ventricular
perfusion results Age (years) 5754103 62.3+10.1 NS
Men 18 (56.3%) 51 (85%) <0.002
Hypertension 14 (43.8%) 31 (51.7%) NS
Hyperlipidemia 9 (28%) 26 (43.3%) NS
Diabetes mellitus 0 11 (18.3%) 0.01
Ex-smoker 5 (15.6%) 18 (30%) NS
Asymptomatic 26 (81.2%) 32 (53.3%) <0.001
Typical angina 0 17 (28.3%) <0.001
Atypical angina 0 4(6.7%) NS
Uncharacteristic chest pain 6 (18.7%) 2 (3.3%) 0.02
Dyspnea 0 5(8.3%) NS
Known coronary artery disease 0 26 (43.3%) <0.001
Previous myocardial infarction 0 10 (16.7%) 0.03
Previous PTCA 0 20 (33.3%) <0.001
Previous CABG 0 10 (16.7%) 0.03
Stress test
Exercise stress test 30 (93.8%) 55 (91.7%) NS
Stress double product 24,507 +5186 21,138 +5394 NS
Typical angina and/or dyspnea 0 35 (58%) <0.001
Stress: ST-segment changes 0 33 (55%) <0.001
LV perfusion
Summed stress score 0 8.5 (3-15) <0.001
Summed rest score 0 0 (0-3.75) <0.001
Summed difference score 0 3(6-12) <0.001
Early-transient ischemic dilation ratio 0.98 (0.9-1) 1.03 (0.95-1.1) <0.001
Delayed-transient ischemic dilation ratio 1.01 (0.9-1) 1.01 (0.96-1.1) NS

Categorical variables are expressed as number of patients and percentage in parenthesis. Continuous vari-
ables are expressed as median (Q1st—Q3rd) except stress double product (mean +SD)

PTCA percutaneous transluminal coronary angioplasty, CABG coronary artery bypass grafting

Results

Patient characteristics, stress test and LV perfusion
results

Group-1 included 32 control subjects and group-2, 60
ischemic patients (18 mild, 19 moderate and 23 severe
ischemia). Detailed patient characteristics, stress test and
LV perfusion results of both groups are shown in Table 1.

Image quality

MPI quality was graded as excellent in 93.3% of patients
for early post-stress and 100% for delayed post-stress,
and good in 6.6% and 0%, respectively. For rest studies,
image quality was excellent in 93.3% and good in 6.6% of
patients. Gated quality control was graded as excellent in
all images (Fig. 1).
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LV functions and phase analysis results

Table 2 shows stress (early and delayed) and rest LV func-
tion and phase analysis results in both groups. Early and
delayed post-stress phase analysis parameters SD and HB
were significantly increased in ischemic patients. Rest
images showed no difference in SD and HB in both groups.
A representative example of group-1 and group-2 images
is shown in Fig. 1.

Inter-group comparisons of early and delayed stress
phase analysis parameters

Comparison of early stress, delayed stress and rest phase
analysis parameters SD and HB between both groups is
shown in Fig. 2.

In control subjects, both early and delayed post-stress SD
and HB were significantly lower than at rest (all p <0.01).
In group-2, early SD and HB were significantly higher than
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Fig. 1 Representative example
of phase analysis standard devi-
ation (SD) and histogram band-
width (HB) results in early and
delayed stress and rest images: a
normal subject (group-1) and b
ischemic patient (group-2)
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Table 2 Left ventricular function and phase analysis results

Group-1 (n=32) Group-2 (n=60) p

Early LVEF (%) 81 (75-85.7) 71(61.2-79) <0.001

Delayed LVEF (%) 80 (77-86.7) 74 (66.2-79)  <0.001

Rest LVEF (%) 77 (73-81.7) 73 (61.2-79) <0.01

Early LV ESV (ml)  15.5 (8.2-22.7) 25.5(14.5-47.7) <0.001

Delayed LV ESV 15.5 (8.5-20.7) 24.5 (15.5-39.7) <0.001
(ml)

Rest LV ESV (ml)  20.5 (12.25-26.7)  25(18-38.2) <0.001

Early SD (degrees) 9 (7.7-10.4) 15(11.3-23)  <0.0001

Delayed SD 11 (7.2-13.5) 12 (10.4-16.7) <0.02
(degrees)

Rest SD (degrees) 13 (11-17.3) 13 (10.3-18.7) NS

Early HB (degrees) 30 (27-35.7) 44 (37-67.5) <0.0001

Delayed HB 34 (23.75-44)  39.5(35-55.5) 0.01
(degrees)

Rest HB (degrees) 41 (35-47) 42.5 (34-61) NS

Variables are expressed as median (Q1st—Q3rd)

LVEF left ventricular ejection fraction, LV ESV left ventricular end
systolic volume, SD standard deviation, HB histogram bandwidth

at delayed post-stress (all p<0.05), while no change was
observed in early SD and HB as compared to rest.

Early and delayed stress-induced changes
in synchrony parameters (ASD and AHB)

In ischemic patients ASD and AHB were: Early ASD: 1.63
(— 0.37 to 4.83) vs. delayed ASD: — 0.39 (— 3.82 to 1.74);

Early stress

Delayed stress

stress

Delayed stress

(a) sD — p<0.01 , ; p NS .
43 p<0.01 p<0.01 p NS
35
2 X ¥
19
- s
3

9°(8-10) 11°(7-13) 13°(11-17) 15°(11-23) 12°(10-17) 13°(10-19)

(b)ne p<0.01 —bNs
| 1
160 P 0.01 P 0.02 p NS
110

X% *
X
= m =
10
30°(27- 36) 34°(24-44) 41°(35-47) 44°(37- 67) 39°(35-55) 42°(34-61)

B Early stress [JJ] Delayed stress [[] Rest

Fig.2 Left ventricular synchronism behavior in early stress, delayed
stress and rest in normal subjects (Group-1) and ischemic patients
(Group-2). Both early and delayed standard deviation (SD) and his-
togram bandwidth (HB) were significantly decreased related to rest
in group-1. In contrast, although early SD and HB were increased
related to rest images in group-2, no statistical significance was
observed. Wilcoxon rank sum tests were applied. p<0.05 was con-
sidered significant. Central box, interquartile range (Q1st—Q3rd); line
within box, median. The whiskers extend to the most extreme values
within 1.5 IQR. More extreme values are plotted individually
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(a) ASD Table 3 Early and delayed stress-changes in phase analysis SD and
HB: correlation between perfusion and functional parameters in
23 ischemic patients (group-2)
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Fig.3 Early and delayed stress-induced changes in a SD and b HB
in group-1; and in different subgroups in ischemic patients accord-
ing to the amount of ischemia (mild SDS: 1-3; moderate SDS: 4-7
and severe SDS>7). Early images detect higher ASD and AHB in
ischemic patients in the three subgroups. A stress minus rest; SD
standard deviation. HB histogram bandwidth; SDS summed differ-
ence score. Kruskal Wallis tests were applied. p<0.05 was consid-
ered significant. Central box, interquartile range (Q1st—Q3rd); line
within box, median. The whiskers extend to the most extreme values
within 1.5 IQR. More extreme values are plotted individually

early AHB: 2.50 (— 4 to 12) vs. AHB delayed: — 4 (— 15.75
to 4), all p<0.01.

Early images detected higher ASD and AHB than delayed
ones in all subgroups of ischemic patients (mild, moderate
and severe ischemia) as compared to control subjects (Fig. 3).

Early vs. delayed ASD and AHB according to the amount
of myocardial ischemia were: mild ischemia: ASD 0.19
(—0.59t03.21) vs. — 0.10 (— 2.69 to 1.42); and AHB 2 (— 5
to 9) vs. 0 (— 13 to 3), all p NS; moderate ischemia: ASD
2.12 (- 0.28 t0 9.56) vs. — 2.60 (— 4.67 to 3.13) and AHB 0.5
(—6to15)vs. — 12.5 (= 21.7 to 11) all p<0.05; and severe
ischemia: ASD 2.40 (— 0.21 to 5.85) vs. — 0.22 (— 3.48 to
0.99); AHB 4 (0-13) vs. — 4 (— 16 to 4), all p<0.05.

Early and delayed stress-induced changes
in SD and HB: correlation between perfusion
and functional parameters in ischemic group

Table 3 shows the correlation of early and delayed-stress

induced-changes in phase analysis SD and HB with LVEF,
LVESYV, SDS and transient ischemic dilation ratio (TID).
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Correlation Early-stress changes Delayed-stress

changes

Coefficient P Coefficient p

ASD vs. ALVEF —0.4162 <0.001 -0.4102 <0.001
ASD vs. ALVESV 0.4469 <0.001 0.2596 <0.05
ASD vs. SDS 0.1585 NS 0.1615 NS
ASD vs. TID 0.2110 NS 0.0941 NS
AHB vs. ALVEF —0.3111 <0.01 —0.3148 <0.05
AHB vs. ALVESV 0.3952 <0.001 0.1538 NS
AHB vs. SDS 0.0902 NS 0.0065 NS
AHB vs. TID —0.0753 NS —0.2046 NS

Pearson’s correlation test was used

A stress minus rest, LVEF left ventricular ejection fraction, ESV end
systolic volume, SD standard deviation, HB histogram bandwidth,
SDS summed difference score, TID transient ischemic dilation ratio

Significant linear correlation was observed between
ASD and AHB vs. ALVEF (inverse) and ALVESV (direct)
in early images (all p<0.01) as well as ASD and AHB
vs. ALVEF; and ASD vs. ALVESV in delayed images (all
p<0.05). No significant correlation was found between
the stress-induced changes and SDS or TID.

Post-stress worsening of phase analysis indices
(LVMD) according to amount of ischemia
and to post-stress LVEF response

Forty-seven (78%) patients of group-2 showed LVMD
in early stress images vs. 23 (38.3%) patients in delayed
stress scans (p <0.01). No differences were found in LVMD
regarding sex, men vs. women: 41 (80.4%) vs. 7 (71.8%),
respectively, in early stress images and 20 (39.2%) vs. 3
(33.3%) in delayed ones (both p=NS).

The prevalence of LVMD in early vs. delayed post stress
images according to the amount of ischemia was: 83.3%
(early) vs. 42% (delayed) in mild ischemia; 72% (early) vs.
39% (delayed) in moderate ischemia; and 82.6% (early)
vs.35% (delayed) in severe ischemia, all p <0.05.

An abnormal response of LVEF was more frequently
observed in early post-stress images, 37% of patients (22
out of 60) vs 25% (15 out of 60) in delayed post-stress scans
(p NS). Early images showed more LVMD than delayed ones
in patients with and without LVEF drop (all p<0.01). All
patients with LVEF drop in early post-stress evaluation had
LVMD. Sixty-eight percent of patients (25 out of 38) with-
out LVEF drop had LVMD in early images vs. 35.5% (16
out of 45) in delayed ones, p<0.01 (Fig. 4b).
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Fig.4 Patients with left ventric-
ular mechanical dyssynchrony
(LVMD) according to a the
extent of coronary artery dis-
ease in patients who underwent
coronary angiography in the
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Follow-up

No patient in group-1 underwent coronary artery angiogra-
phy over the 3-months follow-up period.

Forty-three patients of group-2 (72%) underwent coro-
nary angiography in a median of 23 days (10-52) post MPI.
Four patients had angiographically normal coronary arteries
and in 39 patients obstructive coronary artery disease was
documented (8 patients had single-vessel and 31 had two or
three-vessel coronary artery disease). Nineteen were referred
to percutaneous transluminal coronary angioplasty, 11 to
coronary artery bypass grafting and the rest to adjustments
of their medical treatment.

Post-stress worsening of phase analysis indices
(LVMD) according to the extent of coronary artery
disease

In the 39 patients who had angiographically documented
coronary artery disease we analyzed the relationship
between LVMD and the extent of coronary artery disease.

Early images detected more LVMD than delayed ones
(82% vs.33%), p<0.01. This was observed in patients with
single-vessel disease (75% vs. 0%) and in patients with mul-
tiple-vessel disease (83% vs. 42%); all p<0.01 (Fig. 4a). Of
15 patients with LVMD and no LVEF drop in early images,
13 (87%) had multiple-vessel-disease.

Discussion

To the best of our knowledge, this is the first prospective
pilot study evaluating the role of early versus delayed post-
stress **™Tc-sestamibi ECG-gated SPECT MPI for the
detection of LVMD as a marker of myocardial stunning in
ischemic patients. Our results show that early post-stress
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z —
8% o
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% 80%
> 60%
©
£ 40%
T 20%
[
£ %
o
TwolThree % Without With
vessel-disease ; post-stress || post-stress
LVEF drop || LVEF drop

Early Image [l Delayed Image

images allow detecting the impairment of LV synchrony
parameters more efficiently than delayed post-stress images
without detriment of image quality. Early images detected
significantly more stress-induced changes than delayed scans
in patients exhibiting moderate and severe ischemia, but not
mild ischemia.

Gated MPI can assess myocardial perfusion and LV func-
tion in a single study. Conventional MPI protocols using
9mTe tracers are acquired 45—-60 min post-stress to avoid
liver or gut uptake. Perfusion defects in SPECT MPI reflect
the time of radiotracer injection during physical or pharma-
cological stress; unlike functional transient alterations (LV
wall motion abnormalities, LVEF drop and LVMD) which
are obtained at the moment when the triggered images are
acquired. Therefore, these functional stress-induced changes
can be better detected in an early post-stress acquisition.

Our results agree with those of previous retrospective
MPI studies using 2°!'Thallium early image acquisition.
Singh et al. described LV synchrony parameters worsen-
ing in patients with perfusion abnormalities, but these were
not related to the type of perfusion abnormality (ischemia,
infarct and mixed group) [22].

On the other hand, using early images with **™Tc-ses-
tamibi, as in our case, Peix et al. studied 101 patients (58
ischemic patients; 28 with normal scan and 15 with scar
but no ischemia), and reported no difference in SD values
between rest and post-stress in ischemic vs. normal groups
but higher HB at rest in ischemic patients than in the normal
group. They showed this difference to become even larger
following stress. However, the selection criteria for the
normal groups as well as the clinical features of ischemic
patients differed with respect to our study [25]. In agree-
ment with our results, Camilletti et al. found a significant
increase of SD and HB in 39 ischemic patients as compared
to rest [26].
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Using gated positron emission tomography perfusion
imaging, Al Jaroudi et al. also reported an association
between LVMD and increased ischemic load. However,
whereas Al Jaroudi’s patients had ischemic cardiomyopathy
with LVEF <35%, our ischemic population had LVEF>35%
[27].

LVMD related to the ischemic amount was also stud-
ied by Peix et al. who observed that when the extension
of ischemia and necrosis/fibrosis are considerable (based
on the SSS values) post-stress SD and HB significantly
increase and are even higher in women with SSS >4 [14]. It
should be noticed that in this study the patients did not have
obstructive coronary artery disease.

Importantly, we correlated stress-induced changes in SD
and HB with functional parameters that define myocardial
stunning. We found a significant linear correlation between
stress-induced changes in SD and HB with ALVEF and
ALVESV (inverse and direct, respectively), more evident
in early post-stress images than in delayed evaluation. No
correlation was found with SDS. This could be explained by
balanced ischemia; multiple vessel disease may have normal
or low SDS, underestimating the degree of anatomical coro-
nary involvement. In this setting, the non-perfusion variables
[28-30] like LVMD could add essential information for an
accurate interpretation.

In contrast with our results, Chen et al. described a mod-
erate but significant correlation of stress-induced changes
in SD and HB with SDS but not with ALVEF in 75 patients
with ischemia and myocardial necrosis referred for dipyrida-
mole stress/rest 2°! Thallium ECG-gated SPECT MPI. In the
subset of 25 ischemic patients, stress-induced changes in SD
and HB did not correlate with either SDS or ALVEF [21].

This discrepancy could be explained by different inclu-
sion criteria in ischemic patients groups. Our ischemic
patients had stress tests highly suggestive of ischemia plus
presence of reversible perfusion defect, while their inclusion
criteria was defined by reversible perfusion defects. This
could be the cause of a selection bias of patients with bal-
anced ischemia in our population.

To note, the prevalence of LVMD, defined as post-stress
increase of either SD or HB like in previous reports [22]
was similar among patients with mild, moderate or severe
ischemia, and was even higher than that we estimated when
designing the study.

In the follow up, 90% of ischemic patients who under-
went coronary angiography had obstructive coronary artery
disease and 79% of them had multiple-vessel disease. In
our cohort of patients with two- and three-vessel disease,
LVMD was observed in both early and delayed post-stress
images. These results agree with Hida et al. who showed
that the addition of exercise-induced LVMD assessment on
conventional perfusion analysis allowed better identification
of patients with multivessel coronary artery disease [15].

@ Springer

Our study also detected post-stress LVMD in patients
with one vessel-disease, and this occurred only in early post-
stress evaluation.

Even though myocardial stunning is traditionally
expressed as an abnormal post-stress LVEF response [16,
23], ischemic LVMD could be an early step in the cascade
of ischemic events, previous to a drop in LVEF.

In summary, our results show that in ischemic patients
early post-stress images detect more patients with LVMD
than delayed images regardless of post-stress LVEF drop.
Furthermore, all patients with post-stress abnormal LVEF
response at early evaluation had LVMD. It is worth not-
ing the high prevalence of multiple vessel disease among
patients without post-stress LVEF drop but with LVMD in
early images. Therefore, LV synchrony evaluation allowed
us to recognize multiple-vessel disease patients even in
absence of post-stress LVEF abnormal response.

This reinforces the proposed hypothesis of a “myocar-
dial stunning cascade” where post-stress LVMD is an early
step in a series of events that culminate with LVEF drop.
Thus, LV systolic synchrony evaluation in early post-stress
images could be a more sensitive tool for myocardial stun-
ning detection. This parameter, along with other variables
of ?™Tc-sestamibi ECG-gated SPECT MPI would help
improve the stratification of coronary artery disease. Pro-
spective trials on larger patient populations are needed to
support this assertion.

We are aware of limitations in this study. First, group-2
included only patients with stress tests highly suggestive
of ischemic heart disease and presence of reversible per-
fusion defects. This strict inclusion criterion resulted in
a high rate of multivessel disease, in detriment of other
patient subsets in which the results of this study are not
necessarily valid. And second, coronary anatomy assess-
ment was not a condition of the present research. This
was performed only in patients whose referral physician
prescribed it.

Conclusion

Early post-stress **™Tc-sestamibi ECG-gated SPECT MPI
improves ischemic LVMD detection compared with delayed
evaluation.

Stress-induced dyssynchrony assessed by phase analysis
correlates with other functional parameters as a previous
step in the “myocardial stunning cascade” and provides
additional non-perfusion diagnostic information of coronary
artery disease. We propose early post-stress dyssynchrony
assessment as a more sensitive tool for detecting myocardial
stunning in coronary artery disease. Further investigation on
larger patient populations is required.
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