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Aim and patients. The aim of the present study is to evaluate the additional value of systolic
wall thickening to myocardial perfusion in diagnosing myocardial stunning in patients with
angiography proven coronary artery disease. We selected 91 ischemic patients (82 males; mean
age 59.7 £ 10.3) with CAD documented by angiography. Ischemia was defined as a summed
difference score =5. All patients underwent a 2-day gated perfusion SPECT protocol. The patients
received a dose of 740 MBq of *™Tc-tetrofosmin after stress and at rest. Treadmill maximal
exercise tests were performed on all patients.

Results. The post-stress LVEF was significantly lower than rest LVEF (48.1% + 10.3% vs
50.3% + 10.7%; P = .0001). The wall thickening summed difference score was 4.44 + 4.13
(P = .0001). At a multivariate regression analysis, only WT-SDS as independent variable was
significantly correlated with myocardial ischemia (SDS). We also divided patients according to
SDS in those with mild (SDS < 8) and severe (SDS = 8) ischemia. WT-SDS, but not ALVEF, was
significantly different between groups.

Conclusions. WT-SDS, more than the depression in the global function (ALVEF) of the left
ventricle, correlates with the degree of ischemia and better identifies, when present, the stunning
phenomenon. (J Nucl Cardiol 2019;26:833-40.)
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Abbreviations WT-SSS  Wall thickening summed stress score
CAD Coronary artery disease WT-SRS  Wall thickening summed rest score
SPECT Single-photon  emission  computed WT-SDS  Wall thickening summed difference
tomography score

LVEF Left ventricular ejection fraction ESV End-systolic volume
SSS Summed stress score EDV End-diastolic volume
SRS Summed rest score
SDS Summed difference score
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INTRODUCTION

Several studies have demonstrated the impact and
clinical role of ECG-gated-SPECT in the diagnosis,
prognosis, and risk stratification of patients with sus-
pected or known coronary artery disease.'” Gated-
SPECT images, acquired after the injection of **™Tc-
tetrofosmin, give the opportunity to accurately assess
both regional myocardial perfusion and function with a
single evaluation,® improving the prognostic information
regarding the extent of the myocardial perfusion
abnormality.'*>7~°

99mTc_tetrofosmin does not redistribute significantly,
therefore post-stress images acquisition, after the injec-
tion of the radiopharmaceutical at peak exercise, provides
information regarding peak stress perfusion, coupled with
myocardial function at the time of acquisition. Since
regional transient systolic dysfunction may persist from
30 to 240 minutes after stress test, images acquired within
the first hour after the injection have the potential to detect
post-stress wall motion and systolic wall thickening
abnormality, or myocardial *‘stunning’’.'*~"*

Post-ischemic stunning is known to be an important
marker for severe and extensive coronary artery disease,
and ECG-gated-SPECT affords the opportunity to fur-
ther evaluate its frequency and clinical relevance.

Myocardial stunning can be defined as a transient
reduction in global systolic function (a reduction of
LVEF% of at least 5% between rest and post-stress) or a
transient reduction in wall thickening summed differ-
ence score.”'” The different values of these two
parameters in diagnosing severe myocardial ischemia
causing myocardial stunning are not well established,
and are the aim of the present study.

Quantitative wall motion and wall thickening
assessment with interpretation software provides quan-
titative methods for evaluation of the degree of wall
motion and wall thickening of each segment of the left
ventricle, that might augment the visual analysis of
ventricular function from GSPECT data.'* Direct quan-
tification of segmental rest-stress motion and thickening
changes may significantly improve accuracy of
GSPECT in diagnosing severe multivessel CAD."”

Moreover, in addition to post-stress decreases in
global LV function, wall motion abnormalities present
post-stress have been described and may be easier to
detect compared to abnormalities in global post-stress
function.''~"3-16-1%

The aim of this study was to evaluate the additional
value of the systolic wall thickening in detecting left
ventricular stunning and in characterizing myocardial
ischemia, in patients with coronary artery disease
(CAD).
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MATERIALS AND METHODS

Patients Population

In a population of 2064 consecutive patients who under-
went stress/rest gated-SPECT studies ordered by referring
physician for suspected or known coronary artery disease, we
selected 91 ischemic patients (82 males; mean age
59.7 + 10.3), with CAD documented by angiography. Ische-
mia was defined as a difference summed score >5. All patients
underwent a 2-day protocol. The patients received a dose of
740 MBq of *™Tc-tetrofosmin after stress and at rest. Tread-
mill maximal exercise tests were performed on all patients. In
74/91 (81.3%) patients, anti-anginal medications, beta-block-
ers, and calcium channel-blockers were discontinued 48 to
72 hours before the radionuclide study. Coronary angiography
was performed within three months of the stress perfusion
study in all patients, without an intervening cardiac event. A
>70% lumen stenosis was considered significant.

The study protocol was approved by the Local Ethics
Committee. Each patient provided informed consent.

Study Protocol

Images were acquired 45 to 60 minutes after the injection.
Both stress and rest acquisitions were performed using a dual
head digital camera at 90° geometry equipped with high-
resolution collimators. Stress/rest gated-SPECT images were
acquired with the patients in supine position for a total of 64
projections, 3° interval, every 40 seconds, over a 180° elliptical
orbit. A matrix size of 64 x 64 x 16 byte and a 38 cm roving
detector mask were employed. At each projection, a total of
eight frames of the cardiac cycle were used for reconstruction.
Transaxial stress and rest slices of 6 mm thickness were
reconstructed with a Butterworth back-projection filter, with a
critical frequency of 0.40 and order of 10. The transaxial slices
were reoriented along cardiac planes. LVEF and volumes were
calculated using a completely automated algorithm, previously
described and validated.”®* The algorithm operates in three-
dimensional space and uses a gated short axis image sets. It
segments the left ventricle; estimates and displays the endo-
cardial surface, the epicardial surface and the valve plane for
every gating interval; calculates the endocardial volumes;
isolates the intervals corresponding to end-diastole and end-
systole and derives the related LVEF. The LVEF variation
(ALVEF) was calculated using the following formula: (post-
stress LVEF — rest LVEF). In the present study, extracardiac
activity was evaluated on the reconstructed images, and in case
of excessive extracardiac activity, an acquisition was restarted
after at least 30 minutes.

Image Analysis

The gated images were all normalized to the region of
highest activity on the end-systolic image set. Regional
myocardial perfusion was assessed on the summed images.
Two readers who were blinded to the clinical, stress, and
angiographic data reviewed the images. The studies were
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scored using a 20-segment model scored on a 5-point scale
(0 = normal, 4 = no uptake). A perfusion defect with a score
>3 was considered significant, and a segment score improved
by at least one grade was considered reversible. The summed
difference score (SDS) is the difference between the summed
scores obtained during exercise (SSS) and at rest (SRS). Wall
thickening was also scored on a four-point scale (0 = normal,
1 = mildly impaired, 2 = moderately impaired, 3 = severely
impaired to absent thickening) based on the visual assessment
of myocardial wall brightening from diastole to systole in the
same 20 segments. The SSS, SRS, SDS, the stress and rest
summed wall thickening scores (WT-SSS, WT-SRS), and the
difference of systolic wall thickening between post-stress and
rest test (WT-SDS) were calculated in each patient by adding
the 20 segmental perfusion and thickening scores. For this
study, we selected only patients with SDS > 5, classified as
ischemic.

Statistical Analysis

Statistical analysis was performed using SPSS ver. 24.0
software. Univariate tests were done using the Spearman rank
correlation to correlate clinical, stress test, and scan data with
the ALVEF and WT-SDS for all ischemic patients. Multivari-
ate regression analysis was performed using the variables that
were significant by univariate analysis. Regression analysis
was performed using either ALVEF, or WT-SDS as
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independent variables, to find which is the parameter with
the strongest correlation with ischemia (SDS) and with other
clinical parameters.

The comparison between rest and post-stress scan param-
eters in the whole ischemic group was performed using paired ¢
test. The chi-square test was used for comparisons of
proportions.

Finally we, divided patients in two groups according to
the presence of mild (SDS < 8) or severe (SDS > 8) ischemia.
We calculated mean ALVEF values and mean WT-SDS values
and we compared the results using a ¢ test.

P values <.05 were considered statistically significant for
all the analyses performed.

RESULTS

Clinical, Stress Test, and Angiographic
Characteristics

Clinical, stress test and angiographic characteristics
of patients are shown in Table 1.

10% of patients had diabetes and 54% a history of
or a previous myocardial infarction.

During stress test 21% of patients had typical
angina and 46% showed a significant ST depression on
ECG.

Table 1. Clinical, stress test, and angiography characteristics of study population (N = 91)

N (%)

Clinical
Mean age (SD) (years) 59.7 + 10.3
Male 82 (90.1)
Hypertension 48 (52.7)
History of smoking or active smoker 54 (59.4)
Hypercholesterolemia 48 (52.7)
Diabetes mellitus 9 (9.9)
Family history of premature coronary artery disease 46 (50.5)
History of myocardial infarction 49 (53.9)

Stress Test
Drugs withdrawal (beta-blockers, calcium-antagonists and nitrates) 74 (81.3)
ST depression 42 (46.2)
Typical Angina 19 (20.9)

Rate pressure product (heart rate x systolic blood pressure)

Coronary angiography
One vessel disease
Two vessel disease
Three vessel disease
Four vessel disease

26241 £ 6393

34 (37.4)
41 (45.1)
15 (16.5)
1(1.1)
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All patients had coronary artery disease docu-
mented by coronary angiography. 62.7% of the
patients had multivessel coronary disease.

Scan Variables

Concerning the gated-SPECT parameters (Table 2),
the SSS was 17.4 £ 7.5 and the summed difference score
was 8.19 = 2.9 (P = .0001). As regards functional param-
eters, the post-stress LVEF was significantly lower than rest
LVEF (48.1% = 10.3% vs 50.3% + 10.7%; P = .0001),
while the post-stress ESV and the post-stress EDV were
similar to the rest values. The WT-summed difference
score was: 4.44 + 4.13 (P = .0001). The ALVEF was
—2.2 +4.8(95% CI[—3.2,—1.2]), ranging from —15 to 8.
Only three patients showed a ALVEF >5% (7%, 8%, 8%):
the SDS mean value was 7.3.

Univariate and Multivariate Analysis

Univariate analysis was performed using the
ALVEF as the independent variable, and the following
dependent variables were analyzed as both continuous
and dichotomous factors: post-stress and rest LVEF and
ventricular volumes, summed stress defect severity
score, summed rest defect severity score, summed
defect reversibility score, the stress and rest summed
wall thickening score, the difference of systolic wall
thickening between post-stress and rest test and all
clinical and stress test parameters reported in Table 1.
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The variables that correlated significantly were rest
LVEF (P = .002), wall thickening summed difference
score (P = .002) and family history of CAD (P = .004).
When multivariate regression analysis was performed,
none parameter was significant.

Using the WT-SDS as the independent variable, the
univariate analysis showed as significant the following
parameters: post-stress EF (P = .047), ALVEF
(P = .002), SDS (P = .002), WT-SSS (P = .02), WT-
SRS (P = .005), family history of CAD (P = .038),
history of myocardial infarction (P = .018), rate pres-
sure product (P = .029). When multivariate regression
analysis was performed, only post-stress EF (P = .048),
ALVEF (P = .019), SDS (P = .006), WT-SSS (P =
.014), and WT-SRS (P = .001) were significant
(Table 3).

Correlation Between WT-SDS and ALVEF
and SDS

Grouping patients into those with mild ischemia
(SDS < 8) and into those with severe ischemia
(SDS > 8), ALVEF was non significantly different
between groups (—1.29 + 4.59 vs —3.08 = 4.85; P =
NS), while WT-SDS was significantly lower in the first
group (3.18 £ 3.8 vs 5.67 + 4.11; P = .003). Figure 1A
shows the good inverse linear correlation between WT-
SDS and ALVEF (RHO = —0.33, P = .002). Accord-
ing to the equation shown into the figure, a threshold of
11.8 for WT-SDS has to be present before a significant
drop (>5%) in ALVEF is observed. Figure 1B

Table 2. Perfusion and function parameters obtained by gated-SPECT in all ischemic patients

Minimum Maximum Mean SD 95% CI P value
Post-stress LVEF (%) 15 71 48.1 10.3 46.0; 50.1 .0001
Rest LVEF (%) 18 71 50.3 10.7 48.1; 52.5
Post-stress EDV (mL) 54 296 113.3 44.4 104.1; 122.6 NS
Rest EDV (mL) 55 282 115 42.8 106.9; 124.7
Post-stress ESV (mL) 24 251 61.4 38.0 53.5; 69.3 NS
Rest ESV (mL) 19 225 60.8 38.0 52.9; 68.7
SSS 5 39 17.4 7.5 15.9; 19.0 .0001
SRS 0 31 9.26 7.25 7.7, 10.8
SDS 5 18 8.19 29 7.6; 8.8
WT-SSS 0 41 12.4 8.1 10.8; 14.1 .0001
WT-SRS 0 38 8.13 8.5 6.4; 9.9
WT-SDS —4 16 4.44 4.13 3.6; 5.3
ALVEF —-15 8 -2.2 4.8 -3.2; -1.2

P values for the comparisons between rest and stress values

LVEF, Left ventricular ejection fraction; EDV, end-diastolic volume (mL); ESV, end-systolic volume (mL); SSS, summed stress score;
SRS, summed rest score; SDS, summed difference score (SSS — SRS); WT-SSS, wall thickening summed stress score; WT-SRS, wall
thickening summed rest score; WT-SDS, wall thickening summed difference score (WT-SSS — WT-SRS).ALVEF: it is calculated

using the following formula: (post-stress LVEF — rest LVEF)
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Table 3. Multivariate regression analysis using WT-SDS as independent variable

Parameter F coefficient P value
Post-stress LVEF 1.798 .048
DLVEF 2.085 .019
SDS 2.393 .006
WT-SSS 2.158 .014
WT-SRS 2.949 .001
Family history of premature coronary artery disease 1.301 221
History of myocardial infarction 1.553 .105
Rate pressure product 1.224 272
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Figure 1. A This figure shows the good inverse linear
correlation between WT-SDS and ALVEF (RHO = —0.33,
P = .002). B This figure shows a good linear correlation
between SDS and WT-SDS (RHO = 0.32, P = .002).

demonstrates the significant correlation between ische-
mia, represented by SDS, and regional wall thickening
impairment.

Figure 2A, B show examples of SPECT images on
perfusion and function of patients.

DISCUSSION

This study demonstrates thatin a population of patients
with moderate-severe ischemia (SDS = 8.19 + 2.9), there
is a significant reduction of post-stress LVEF compared to
rest LVEF (—2.2 + 4.8) 45 to 60 minutes after the injection
of *™Tc-Tetrofosmin. In our study, ALVEF was employed
as the independent variable similarly to previous
authors.”*® In the study of Johnson et al.”” in 22 (36%)
of 61 patients with reversible perfusion defects, post-stress
LVEF was >5% lower than at rest. Furthermore, the
differences in segmental cordal shortening between rest
and post-stress were significantly greater in the reversible
perfusion defects territories than in non ischemic perfusion
defects territories (P < .0001). By univariate analysis, the
summed defects reversibility score and a left anterior
descending coronary artery location of the scan defects
were the only two variables that correlated significantly
with the variation of LVEF. Verberne et al.,”® in a subgroup
of 100 ischemic patients, selected based on a threshold of
SDS less restrictive than ours (>3), found that stress-
induced ischemia and greater difference in heart rate during
scan acquisition at peak stress and rest were independent
predictors of negative ALVEF. In a small group (n.30) of
ischemic patients (SDS > 0), Ramakrishna et al.?* demon-
strated that SDS was the only variable statistically
significantly associated with negative ALVEF. The mag-
nitude of stress-induced ischemia (SDS) was only weakly
correlated with ALVEF (r = 0.26, P = .01). Mut et al.,”
aimed to determine whether early post exercise imaging
(15 £ 5 minutes) was more likely to detect stunning than
conventional imaging (60 + 15 minutes) without adversely
affecting image quality or perfusion information. 63 out of
229 (27%) patients were ischemic (SDS > 4). In this
subgroup, there were 25 patients (39.7%) with at least 5%
decrease in LVEF from rest to early stress, while only 16
(25.4%) from rest to late stress. When plotting the
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<«Figure 2. A Myocardial perfusion scintigraphy with *™Tc-
tetrofosmin. SPECT perfusion shows partially reversible defect
in the apex and the antero-septal regions of the left ventricle
(SDS = 14). B Three-dimensional display images: the solid
contoured image represents the left ventricular cavity at end-
systole (ES) post-stress and at rest; the end-systolic volume is
noticeably larger on the post-stress study; post-stress left
ejection fraction was indeed significant lower (56% vs 77%).
WT-SSS: 10.1; WT-SRS: 6.8.

relationship between SDS and ALVEF, a negative rela-
tionship between these variables was evident, which was
more pronounced using early stress data as compared with
late stress (r = 0.23 vs .08, P = ns).

In contrast, Bavelaar-Croon et a and Vallejo
et al.?® found no significant differences in ALVEF and
volumes between stress and rest in ischemic patients, but
the number of ischemic patients was very limited (16
and 13 respectively).

We evaluated 91 CAD patients with moderate-
severe ischemia, 63% of those had multivessel disease at
angiography. After multivariate regression analysis,
with the use of the univariate statistically significant
parameters, no clinical, stress test, and scan parameter
was significantly correlated to ALVEF. The failure of
SDS to correlate is probably due to the late time of
acquisition when LV dysfunction might have already
recovered. Furthermore, many patients had a previous
myocardial infarction (54%) and consequently a high
summed rest score (9.26 + 7.2). In fact, the correlation
between the two parameters was not significant
(RHO = —0.19), (figure not shown) due to the great
data variability.

We found significant correlation between the sys-
tolic wall thickening summed difference score and both
the amount of ischemia and ALVEF at multivariate
regression analysis. When dividing patients according to
the severity of ischemia (SDS < 8: mild ischemia;
SDS > 8: severe ischemia), mean WT-SDS values were
significantly different between groups, while mean
ALVEEF values could not discriminate the two groups.

This finding supports our conclusion that systolic
wall thickening provides more information on myocar-
dial stunning than ALVEF alone, and it is a parameter
with strong correlation with myocardial perfusion.

Transmural myocardial thickening occurs primarily
in the endocardial layer because the epicardium con-
tributes little to thickening. The subendocardium is also
the site of stress-induced ischemia. The correlation
between SDS and WT-SDS that we found in our study
may be explained by the close relation between suben-
docardial myocardial blood flow and regional wall
motion.™

1.25

Bestetti et al 839

Additional value of systolic wall thickening in myocardial stunning

NEW KNOWLEDGE GAINED

WT-SDS quantifies the stunning phenomenon and it
is the independent parameter that shows the strongest
correlation with both the degree of ischemia (SDS) and
reversible systolic dysfunction (ALVEF). WT-SDS
should be routinely evaluated in patients with suspected
myocardial ~ stunning who are candidates to
revascularization.

STUDY LIMITATIONS

While most GSPECT measurements of LVEF in the
literature have been derived from images acquired using
8-frame gating, 16-frame gating is becoming increas-
ingly popular. Sixteen-frame gating requires additional
data storage and processing time, and could result in
images with unacceptably low-counts. However, it can
also provide more accurate estimates of LVEF, since
there is more precise end-systolic imaging. Using a 2-
day protocol with the same tracer activity is less
practical compared to single day protocol, but avoids
the risk that different doses might result in different
signal to noise ratio, influencing LVEF value.

Attenuation correction was not used (nor was prone
imaging) since it would have added more heterogeneity
due to the good row image quality.

CONCLUSIONS

Stress-rest gated myocardial perfusion SPECT pro-
vides valuable data on myocardial ischemia and wall
motion abnormalities. WT-SDS is strongly correlated
with the degree of ischemia (SDS) and ALVEF. While
both WT-SDS and ALVEF indicate the presence of
myocardial stunning, WT-SDS shows greater correlation
with the severity of ischemia, and it is altered even in the
absence of a major reduction in post-stress LVEF
(ALVEF < 5%). For these reasons, we conclude that
WT-SDS should be considered as the best parameter to
identify myocardial stunning.
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