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Abstract

Purpose Estimate myocardial salvage index (MSI) using a single-gated Single-Photon Emission Computed Tomography
(SPECT) myocardial perfusion imaging (GSMPI) early after percutaneous coronary intervention (PCI) in patients with
acute myocardial infarction (AMI) and compare its predictive value with the traditional method especially for post-PCI left
ventricular ejection fraction (LVEF) improvement and major adverse cardiac events (MACEs).

Methods GSMPI was performed in 62 patients with AMI early after PCI (3—10 days). The MSI and the conventional
parameters were obtained, including total perfusion deficit, LVEF, peak ejection rate (PER), and peak filling rate (PFR). The
new calculation method (scoring evaluation method means the extent of abnormality is the percentage of the total scores of
abnormal segments divided by the sum of the maximum scores of all myocardial segments using 4-point and 5-point scale
semi-quantitative scoring method) and the reference method (number evaluation method means the extent of abnormality is
the percentage of the number of abnormal segments divided by the total number of myocardial segments) were applied to
acquire the MSI. We compared the predictive ability of the 2 methods based on the area under the receiver operating char-
acteristic curve for LVEF improvement 6 months after PCI using MSI. The Kaplan—-Meier method was used for depicting
survival curves for predicting MACEs by the 2 methods. Cox proportional-hazards regression was applied to confirm the
independent predictors of MACEs.

Results The MSI obtained by the new method indicated stronger prognostic significance in LVEF improvement [area under
the curve (AUC): 0.793, 95% confidence interval (CI) 0.620-0.912, P <.001] compared with the reference method (AUC:
0.634, 95%CI 0.452-0.792, P=.187). Delong’s test revealed a statistically significant difference in AUCs between the 2
methods (P <.05, 95%CI 0.003-0.316). The diagnostic value of the scoring evaluation method was higher than that of the
number evaluation method. The Cox prevalence of MACEs was substantially higher in the < median MSI group than in
the > median MSI group (hazard ratio: 0.172; 95% CI 0.041-0.724; P <.05] using the new method, whereas no considerable
differences were observed between the 2 groups using the reference method (P =.12). Further, the multivariate Cox regres-
sion analysis revealed that MSI was an independent indicator for predicting MACEs (P <.05).

Conclusion The MSI obtained from a simple GSMPI early after PCI, using the scoring evaluation method, was a reliable
prognostic indicator for predicting LVEF improvement and MACEs in AMI. It remarkably improved the prognostic value
compared with the previous reference methods.

Keywords Acute myocardial infarction - Myocardial salvage - Percutaneous coronary intervention - Radionuclide imaging -
Single-Photon Emission Computed Tomography

Introduction

Acute myocardial infarction (AMI) remains one of the lead-
ing causes of death and disability [1]. Successful percutane-
ous coronary intervention (PCI) aims to achieve myocardial
Extended author information available on the last page of the article salvage (MS) and improve the prognosis [2]. Patients with
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a smaller MS may receive more intensive drug therapy and
a more suitable follow-up plan and rehabilitation training.

MS acquired by comparing the final infarct size (FIS)
with the myocardial area at risk (AAR) using 2 single-gated
Single-Photon Emission Computed Tomography (SPECT)
myocardial perfusion imaging (GSMPI) images has demon-
strated prognostic significance [3-5]. Several studies have
confirmed myocardial salvage index (MSI), which is the
ratio of the degree of MS to AAR and is an independent pre-
dictor of the benefit from reperfusion treatment in patients
with AMI [3-7]. Research indicated that the MSI could
replace “mortality” for prognostic evaluation, suggesting the
feasibility of MSI as an endpoint indicator. However, tracer
injection is required before PCI to obtain AAR, thus limiting
its widespread application. A lack of adequate conditions for
night emergency examination in most departments, and the
long distance from the nuclear medicine department are both
concerns; also, the image might not be actualized on time
because of patient safety concerns [8]. These factors render
it difficult to inject the tracer before PCI and thus acquire
AAR. Although AAR can also be detected after PCI with
dual-nuclide myocardial SPECT using the fatty acid tracer
123]_B-methyl-p-iodophenyl-pentadecanoic acid (BMIPP)
and blood flow tracer [9, 10], the unavailability of BMIPP
in most countries has limited the feasibility [14]. Even if
AAR can be obtained by '>’I-BMIPP, FIS still needs to be
acquired by the second myocardial perfusion imaging; that
is, it needs two injections and two GSMPIs to obtain MSI.
Therefore, a simple and feasible method is necessary to esti-
mate AAR and the corresponding MSI reliably.

Recently, a single GSMPI taken early after PCI was
employed to acquire AAR and FIS [11-13] as an alterna-
tive. Because of the persistent myocardial stunning, they
estimated the MSI by comparing the extent of regional func-
tional abnormalities (which approximated the AAR) with
perfusion defects that signify FIS. The MSI obtained by this
method demonstrated strong agreement with the SPECT ref-
erence method taken before and after PCI (Spearman’s q:
5.92, P<0.0001), with a 95% limit of agreement 5 +0.25.
The agreement between the classifications in salvage index
tertiles obtained by the 2 methods was remarkable (kappa
5.75) [14-17].

Nevertheless, the calculation method had certain short-
comings. In the studies in which the MSI was obtained
using a single GSMPI, the extent of regional abnormalities
(whether perfusion or function) was defined as the percent-
age of the number of abnormal segments divided by the total
number of myocardial segments, without considering the
degree of abnormality. This led to reduced accuracy com-
pared with the results obtained by combining the number
and degree of the abnormalities.

The present study aimed to employ a single GSMPI taken
early after PCI to obtain an MSI in patients with AMI. In
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particular, we aimed to determine the extent of regional
abnormalities based on the percentage of the total scores
of abnormal segments divided by the maximal score of
all myocardial segments using a 17-segment model of the
left ventricle (LV) and a 4-point scale (the wall-thickening
scores) and 5-point scale (the myocardial perfusion scores).
By combining quantity with degree, we seek to further
improve the accuracy of the results.

Methods
Study population

This retrospective study included 62 patients with pri-
mary AMI referred to our hospital for primary PCI within
6 h of symptom onset between October 2020 and August
2021. AMI was defined as a recent ischemia lasting more
than 20 min at rest, with one of the following electrocar-
diographic features: (1) ST-segment elevation (0.1 mV or
higher) in 2 or more contiguous leads, or (2) new or alleged
new left bundle branch block [18].

The coronary arteriography (CAG) results of all patients
were confirmed as single coronary artery occlusion to avoid
potential influences from non-infarct-related vessels on the
results. The degree of the remaining coronary artery ste-
nosis was <50%. Successful PCI was defined as [19-21]
(1) thrombolysis in myocardial infarction (TIMI) grade of
infarct-related vessels of grade 3, and (2) residual stenosis of
less than 20%. The study exclusion criteria were as follows:
(1) previous myocardial infarction, post-revascularization,
severe congestive heart failure, cardiomyopathy, valvular
heart disease and severe cardiac hypertrophy, cardiogenic
shock, or another serious systemic disease; (2) persistent
atrial fibrillation; (3) known or suspected pregnancy; and
(4) poor image quality affecting the diagnosis. The research
method was approved by the hospital institutional review
board. The study was approved by the local ethics commit-
tee, and all patients provided written informed consent.

Acquisition of baseline characteristics

We recorded the height and weight of each patient and cal-
culated the body mass index (BMI). Patients’ histories of
hypertension, diabetes, and smoking were also reviewed.
In addition, the time from onset to balloon dilatation was
recorded. The serum levels of myocardial injury markers,
including cardiac troponin T(cTnT), creatine kinase (CK),
and creatine kinase MB (CK-MB), were measured within
12-24 h after admission. The infarct-related blood vessel
according to CAG was recorded.
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GSMPI imaging

A dual-probe Symbian T6 SPECT scanner (Siemens,
Munich, Germany) was used, and the Cedars Cardiac Suite
[Quantitative Gated SPECT(QPS)/Quantitative Gated
SPECT(QGS)] software (Cedars-Sinai,CA,USA) was used
for image post-processing.”*™Tc-MIBI, a radionuclide
imaging agent used for GSMPI, was eluted, labeled, and
dispatched by Beijing Senke, Ltd. (Beijing, China).

All patients underwent a post-PCI resting GSMPI
3-10 days (at a median time of 6 days) after PCI. They
were injected at rest with 740-925 MBq of *™Tc-MIBI.
The images were acquired 60 min after injection, using a
double-headed camera equipped with high-resolution col-
limators (Siemens, Munich, Germany) and with a 15%
window centered on the 140-keV photopeak of techne-
tium-99 m. GSMPI was performed in the step-and-shoot
mode, with 32 projections over a 180° elliptical orbit, matrix
size 128 X 128, 25 s/projection, and 8-frames/cardiac cycle.

Two experienced nuclear medicine doctors used the
Cedars Cardiac Suite to process the data blindly. The myo-
cardial perfusion images of the left ventricle short axis, hori-
zontal long axis, and vertical long axis were reconstructed
using filtered back-projection with computed tomography
attenuation correction. The bull’s eye images were obtained
from the projection of the LV short axis. For perfusion
and functional analyses, the left ventricular polar map was
divided into 17 segments according to the American Heart
Association standards. The myocardial perfusion parameters
[summed rest score (SRS) and total perfusion deficit (TPD)]
were obtained using the QPS software, and the cardiac func-
tion parameters [LVEF, peak ejection rate (PER), and peak
filling rate (PFR)] were obtained using the QGS software
automatically without any user intervention.

The ventricular wall-thickening score was used to reflect
the ventricular systolic function more accurately [22-24].
The wall-thickening images were scored using a 4-point
scale (0=normal, 1 =slightly damaged, 2 =moderately dam-
aged, and 3 =severely damaged). The myocardial perfusion
images were scored using a 5-point scale semi-quantitatively
(0=normal, 1=slight decrease, 2 =moderate decrease,
3 =severe decrease, and 4 =defect). The perfusion scoring
scheme included a higher number of degrees than wall thick-
ening. Hence, abnormal segments with borderline perfusion
were not considered (score =1), which was consistent with
previous studies [13—15]. To avoid the impact on the results
caused by inconsistencies in the two calculation methods,
we used a 4-point scale /5-point scale semi-quantitative
score, and only summed the scores of 2, 3, and 4 to calcu-
late the extent of perfusion in both the number and the scor-
ing evaluation method to make them more comparable. The
stunned myocardium is associated with a perfusion—function
mismatch early after PCI. Therefore, we defined MS as the

difference between the extent of functional (i.e., the AAR)
and perfusion abnormalities (i.e., the FIS) early after AMI.
The MSI was the percentage of MS divided by the AAR.

Number evaluation method, based on previous references
[14-16]:

The extent of any abnormality (perfusion or wall thicken-
ing) =the number of abnormal segments/17 X 100%.

Scoring evaluation method: The semi-quantitative scoring
method was used to calculate the extent of any abnormality.
This extent was defined as the percentage of the total scores
of abnormal segments divided by the sum of the maximum
scores of all myocardial segments using a 4-point scale (the
wall-thickening scores) and 5-point scale (the myocardial
perfusion scores):

Extent of abnormal wall thickening = [total scores
of abnormal segments of ventricular wall thickening)/
(17%3)]1x 100%.

Extent of abnormal perfusion = [total scores of segments
with abnormal perfusion/(17 x4)]x 100% [25].

Then, the statistical differences between the aforemen-
tioned 2 methods were compared.

Cardiac ultrasound

All patients underwent cardiac ultrasound within 48 h,
and the results of cardiac ultrasound were followed up for
6 months after PCI, and the LVEF was acquired. The follow-
up results were obtained through the reporting workstation.
The patients whose LVEF increased after PCI by at least
20% compared with the baseline at the time of re-examina-
tion formed the LVEF improvement group. The remaining
patients formed the no-improvement group.

Follow-up of MACEs

Patients were categorized into 2 groups according to
the median MSI, over a median follow-up period of 270
(128-366) days, to estimate the prognostic significance of
MSI for MACE:s acquired by the 2 calculation methods.

The clinical follow-up was conducted by telephone and
the inpatient case system. The occurrence of MACEs, which
included recurrent angina pectoris, AMI, heart failure, and
death from coronary heart disease, was considered as the
primary point of this study. The median follow-up time was
270 (range: 128-366) days. The follow-up was conducted
every 6 months after the GSMPI.

Statistical analysis
All data were analyzed using the Statistical Package for the
Social Sciences version 19.0 software (IBM Corporation,

NY, USA) and the MedCalc software. Continuous vari-
ables were expressed as mean + standard deviation, count
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variables as the number of cases and percentages (%), and
discrete variables as median and quartile range. The dif-
ferences in the MSI obtained by the number and scoring
evaluation methods were compared using the paired-samples
t test. We compared the baseline data and GSMPI param-
eters between the LVEF improvement and no-improvement
groups. The area under ROC was used to evaluate the predic-
tions of LVEF improvement and the incidence of MACE:s.
The area under the curves (AUCs), specificity, sensitivity,
and Youden’s index were analyzed to define the optimal cut-
off values for predicting LVEF improvement. Delong’s test
was applied to compare the difference in AUCs between the
2 evaluation methods (P <0.05). The Kaplan—Meier method
was used for depicting survival curves. The differences were
assessed using log-rank tests. Cox proportional-hazards
regression was performed to calculate the hazard ratio (HR)
and 95% confidence interval (CI) and confirm the independ-
ent predictors.

Results
Patient characteristics and follow-up

A total of 62 patients with single coronary artery disease
were evaluated (only 1 coronary artery had a degree of ste-
nosis of >50%), including 35 with left anterior descending
artery disease, 16 with right coronary artery disease, and
11 with left circumflex artery disease. The TIMI grade of
all patients after PCI was grade 3. GSMPI was performed
3-10 days after PCI at a median time of 6 days. The median
time for the first cardiac ultrasound examination was
1.3 days after PCI. The cardiac ultrasound showed segmen-
tal wall motion abnormality in all patients, and severe val-
vular abnormalities and myocardial hypertrophy were not
found. The median time of ultrasound re-examination after
PCI was 6.2 months; 55 patients completed re-examination
and follow-up. The remaining 7 patients did not return to the
hospital for ultrasound within 6 months. 24 cases (43.6%)
whose LVEF improved from (43.3+6.9) % to (57.1 +6.4)%.
In the improved group, the proportion of culprit vessel that
were LAD and RCA was similar, and both were higher than
LCX [LAD/RCA/LCX ratio (%):46.7/46.6/6.67]. LAD was
the most common culprit vessel in the LVEF no-improved
group [LAD/RCA/LCX ratio (%): 72.2/16.7/11.1]. The
median LVEF of the no-improved group was lower than that
of the improved group [(41.5+12.1)% vs (45.2+8.3)%.].
However, there was no statistical difference between them
in our study (P> 0.05). All 62 patients were followed up
for MACEs, with a median follow-up period of 270 (range
128-366) days. The primary endpoint occurred in 8 patients
(12.9%), including 6 with recurrent angina pectoris and 2
with recurrent AMI. 6 patients with recurrent angina pectoris
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were evaluated by a hospital-specific independent committee
according to the evaluation criteria for recurrent angina pec-
toris, and all met the following criteria: (1) Typical angina
symptoms: stuffy pain or constriction in the retrosternal
or precardiac area induced by physical labor or emotional
agitation, lasting for several minutes. (2) Dynamic changes
in electrocardiogram: horizontal ST-segment depression or
T wave inversion. Two patients with recurrent AMI were
admitted for CAG. The subsequent AMIs in both patients
occurred in different coronary arteries that caused the first
AMI in this study (LAD was the culprit vessel for the first
AMI in both patients, RCA was the culprit vessel for the the
second AMI). Heart failure and death from coronary heart
disease were not detected in either group.

The administration rates of cardioprotective medications
during follow-up were as follows: all participants were
treated with dual antiplatelet drugs, 90.3% were treated
with beta blockers, 93% were treated with angiotensin-con-
verting enzyme inhibitors (ACEI) or angiotensin-II receptor
antagonists (ARB), and 99% were treated with statins. There
was no significant difference in the medications between
the LVEF improved and the LVEF no-improved group, as
was the case in the MACE and the non-MACE group (all
P>0.05).

Comparison of MSI obtained by the 2 calculation
methods

The MSI value obtained by the scoring and number evalu-
ation methods was 0.30+0.2 and 0.25 + 0.1, respectively.
They were highly correlated (r=0.767, P <0.05, 95%CI
0.623-0.860) but with statistically significant differences
(P<0.01).

Comparison of MSl in predicting LVEF improvement
through various calculation methods

When the number evaluation method was used, the ROC
analysis revealed that the AUC of MSI for predicting LVEF
improvement was 0.698(P < 0.05, 95%CI 0.514-0.845).
The Youden index J was 0.346, and the associated crite-
rion was <0.27 (sensitivity was 50.0% and specificity was
84.6%).

In the ROC analysis, using the scoring evaluation method,
the AUC of MSI for predicting LVEF improvement was
found to be 0.890 (P<0.01, 95%CI 0.733-0.972). The
Youden index J was 0.792, with an associated criterion
of <0.21 (sensitivity of 95% and specificity of 84.6%). The
sensitivity increased whereas the specificity was the same
compared with the number evaluation method. Delong’s test
revealed a statistical difference in AUCs between the 2 meth-
ods (P <0.05, 95%CI 0.012-0.373). The MSI acquired by
the scoring evaluation method was higher than that obtained
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by the number evaluation method in predicting LVEF
improvement. The difference between areas was 0.192. The
Z statistic value was 2.086 (Fig. 1 and Table 1).

With the scoring evaluation method, we observed a
remarkable difference in the LVEF increase (ALVEF)
between the patients with MSI > median MSI (0.30) and
MSI < median MSI (0.30) (13.6% +3.8% vs 2.0% +3.2%). In
patients with an MSI> median MSI, the percentage depict-
ing an LVEF increase was statistically higher than in those
with an MSI < median MSI (71.4% vs 25.0%). Figure 2 illus-
trates a representative example of a patient with a large MSI
and subsequent LVEF improvement.

Comparison of MSl in predicting MACEs using
various calculation methods

Patients were divided into 2 groups according to the
median MSI obtained through the 2 calculation meth-
ods. Using the scoring evaluation method, 4 patients
were reported to have recurrent angina pectoris (16.0%)
and 2 had AMI (8.0%) in the < median MSI (0.25)
group, and only 2 had recurrent angina pectoris (7.4%)
in the > median MSI (0.25) group. The ROC analysis

Table 1 Pairwise comparison of receiver operating characteristic
curve (ROC) curves in predicting LVEF improvement between the 2
evaluation methods

Difference between areas 0.192
Standard error® 0.0922

95% Confidence interval 0.0116-0.373
Z statistic 2.086
Significance level P=.037

revealed that the AUC of MSI for predicting the MACEs
was 0.890 (P <0.05, 95% CI 0.770-0.960), the Youden
index J was 0.75, and the associated criterion was <0.05
(sensitivity was 75.0% and specificity was 100%).

Using the number evaluation method, 4 patients had
recurrent angina pectoris (17.3%) and 2 had AMI (8.7%)
in the < median MSI (0.20) group, and only 2 had recur-
rent angina pectoris (6.8%) in the > median MSI (0.20)
group. The ROC analysis revealed that the AUC of MSI
for predicting the MACEs was 0.709 (P <0.05, 95% CI
0.565-0.828), the Youden index J was 0.439, and the
associated criterion was <0.1 (sensitivity was 62.5% and
specificity was 81.4%).
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Fig.2 A representative example
of a patient with a large myo-
cardial salvage index (MSI) and
subsequent LVEF improvement.
Wall-thickening polar map

(a), perfusion polar map (b),
wall-thickening scores (c), and
perfusion scores (d) in a patient
with inferior acute myocardial
infarction (AMI). Using the
scoring evaluation method,

the wall-thickening abnormal-
ity was approximately 21.6%
[11/3%17)x 100%] of the

LV wall area, together with

a relatively limited perfusion
defect, approximately 7%
[5/4%x17)x100%], with an
estimated MSI of 0.68. LVEF
after AMI was impaired at 45%,
and LVEF at 3-month follow-
up after PCI increased to 64%.
LV, left ventricle; LVEEF, left
ventricular ejection fraction

K

Delong’s test revealed a statistical difference in AUCs
between the 2 methods (P <0.05, 95%CI 0.071-0.289).
The MSI acquired with the scoring evaluation method
had a higher value than that obtained through the num-
ber evaluation method in predicting MACEs. The differ-
ence between areas was 0.18. The Z statistic value was 3.242
(Fig. 3 and Table 2).

With the scoring evaluation method, the Kaplan—Meier
survival analysis revealed that the Cox prevalence of
MACESs was considerably higher in the MSI < median MSI
group than in the MSI>median MSI group (HR 0.145; 95%
CI 0.03242-0.6473; P<0.05) (Fig. 4). With the number
evaluation method, the Cox prevalence of MACEs displayed
no remarkable differences between the MSI < median MSI
group and the MSI >median MSI group (P =0.0963,> 0.05)
(Fig. 5). Obviously, the MSI acquired using the scoring eval-
uation method had a higher value than that obtained with the
number evaluation method in predicting MACE:s.

The ¢ test indicated no substantial differences in sex,
age, BMI, history of hypertension, smoking history, time
from onset to balloon dilatation, and the infarct-related ves-
sel CAG, cTnT, LVEF, and PER (all P> 0.05)(Table 3).
Remarkable differences were observed in the proportion
of patients with diabetes, CK, CK-MB, MSI, TPD, SRS,
and PFR between the 2 groups (all P <0.05). However, Cox
multivariate regression analysis revealed that only the MSI
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was the independent predictor of MACEs (P <0.01, 95% CI
1.1289E-14-0.0003 (Table 4).

Discussion

The present study evaluated the MSI using a simple pro-
cedure based on a single resting GSMPI using the scoring
evaluation method early after PCI in patients with AMI. We
identified the improvement in the value of MSI in predicting
MACE:s and LVEF improvement estimated by the optimized
gated SPECT. This study was novel in evaluating the prog-
nostic significance in reperfused AMI.

We compared the receiver operating characteristic
curve (ROC) in predicting left ventricular ejection fraction
improvement 6 months after PCI and the survival curves
for predicting 1-year major MACEs of an MSI between the
2 methods, and we found out the MSI acquired through the
scoring evaluation method had a stronger prognostic value
than that obtained with the number evaluation method,
which confirmed the advantage of the scoring evaluation
method. To the best of our knowledge, this has not been
done in previous similar studies. Our study found that
both the AUCs of MSI for predicting LVEF improvement
and the MACEs, using the scoring evaluation method,
were larger than that done with the by number evaluation
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Table 2 Pairwise comparison of operating characteristic (ROC)
curves in predicting MACEs between the 2 evaluation methods

Difference between areas 0.180
Standard error? 0.0556

95% Confidence interval 0.0713-0.289
Z statistic 3.242
Significance level P=.0012

method. Delong’s test revealed a statistical difference in
AUC:s between the 2 methods. With the scoring evaluation
method, patients with < median MSI have a significantly
higher incidence of MACE:s at 1-year follow-up; however,
with the number evaluation method, the Cox prevalence
of MACEs displayed no remarkable differences between
patients with < median MSI and > median MSI. Further-
more, the independent predictors of MACEs were confirmed
through the scoring evaluation method that only the MSI
was the independent predictor of MACEs.

These findings indicated that the MSI could be used as
another prognostic indicator, and they emphasized the sig-
nificance of MSI in the prognostic assessment by GSMPI
using the scoring evaluation method. Previous studies with
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large sample sizes [3-5, 8], which acquired the MSI by
injecting the tracer before PCI, concluded that the MSI had
a prognostic value in patients with AMI, which was consist-
ent with our findings with GSMPI early after PCI. However,
the feasibility was far less than that of the present study.

This study acquired AAR from a single GSMPI early
after PCI. Myocardial stunning persisting after AMI reper-
fusion therapy may explain this [26]. The myocardial blood
flow was restored early after PCI, whereas the ventricular
dysfunction began to recover 48 h after PCI and persisted for
days to weeks [27]; this implied a flow—functional mismatch.
Therefore, the stunned asynergic area size within 48 h can
be close to the ischemia myocardium AAR.

In rats, AMI AAR was acquired with *™Tc-MIBI injec-
tion 3 days after reperfusion, thereby confirming the feasi-
bility of this method [12]. Qin et al. acquired AAR through
GSMPI perfusion imaging from 24 h to 7 days after PCI in
patients with AMI [13]. In other studies [14, 15], a single
GSMPI perfusion image was created 5-10 days after PCI
to assess AAR and then the MSI was obtained, which was
reported to be comparable with the MSI of 2 GSMPI images.
A single GSMPI early after PCI can replace the 2-image
procedure to calculate the MSI.
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Fig.4 Kaplan—Meier survival curves for 62 patients separated into 2 groups according to the median myocardial salvage index (MSI) obtained

using the scoring evaluation method

The timing of GSMPI to assess the FIS is another crucial
factor. The FIS displayed by GSMPI 18—48 h after AMI is
likely overestimated compared with that before discharge
(i.e., 1-2 weeks after AMI) [28]. Moreover, the unstable
status of patients with AMI within 48 h after PCI should
also be considered. Therefore, a time point between 48 h and
1 week after PCI may be the best time to assess MSI. In the
present study, Gate SPECT was performed 3—10 days after
PCI to acquire MS and MSI (the median time was 6.2 days).

The MSI was acquired by early GSMPI after PCI and pre-
dicted LVEF improvement in patients with AMI 6 months
after PCI [17]. However, the number evaluation method dif-
fered from ours in that the extent of abnormality (perfusion
or wall thickening) was the percentage of the number of
abnormal segments divided by the total number of myo-
cardial segments, without considering the degree of abnor-
mality. In our study, the percentage of the total scores of
abnormal segments was the degree of abnormality divided
by the sum of the maximum scores of all myocardial seg-
ments using a 4-point scale (the wall-thickening scores; the
sum of the maximum scores was 3 X 17) and a 5-point scale
(the myocardial perfusion scores; the sum of the maximum
scores was 4 X 17). The semi-quantitative scoring method
was used to calculate the extent of any abnormality.
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The MSI acquired by the aforementioned 2 assessment
methods indicated a remarkable correlation, but with a con-
siderable difference. The MSI obtained using the scoring
evaluation method could provide a better predictive value
than just counting the segments. This might be because the
final data were quantitative. The scoring evaluation method
considered the degree of anomalies rather than just counting
the number, likely imparting more objectivity to the data.
The present study preliminarily established the threshold of
MSI to predict the LVEF increase after PCI in AMI acquired
using the scoring evaluation method. The approach was
the major innovation of our study. Moreover, the preferred
software automatically provided data in this study, which
was more objective than previous visual judgment methods
and reduced the subjective error caused by inexperience.
Another point of variation in our study was that patients
with multi-vessel disease were excluded, thus avoiding the
interference caused by non infarct-related vessels. These
additional differences in methodology could account for the
divergence in findings between our study and others.
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Fig.5 Kaplan—Meier survival curves for 62 patients separated into 2 groups according to the median myocardial salvage index (MSI) obtained

using the number evaluation method

Limitation

This study had a number of limitations. First, despite weigh-
ing both AAR and FIS, GSMPI performed nearly 1 week
after PCI could still underestimate the AAR, compared with
the direct measurement using 2 SPECT images. Myocardial
stunning is a time-dependent phenomenon, and hence partial
ventricular dysfunction disappeared. However, patient safety
must be considered, as acquiring the ultra-early GSMPI is
challenging. We still confirmed the feasibility and practi-
cability of a single post-intervention GSMPI to assess the
MSI, and the results of the predictive value for MACEs were
meaningful. Another limitation was that this study was con-
ducted in a single center with a small cohort, so the number
of positive patients was small in the MACE statistics. The

small sample size was also related to the safety of clinicians
considering the early stage after PCI in patients with AMI.

Conclusion

In conclusion, the MSI obtained using a simple GSMPI pro-
cedure with the scoring evaluation method early after PCI
could be used for predicting the LVEF improvement and the
MACE rate in AML. It considerably improved the prognostic
value compared with the previous reference methods. The
MSI can be used as a new indicator to optimize risk strati-
fication and orient subsequent patient management, such as
rehabilitation training and medication treatment.

The authors affirm that human research participants pro-
vided informed consent for publication of the images in Figs
1,2,3,4,5.
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Table 3 Clinical and GSMPI
characteristics of patients
between the MACE and non-
MACE groups

Table 4 Cox multivariate
regression analysis of the
independent predictor of
MACE:s

inappropriately influence our work. There is no professional or other

Clinical data MACE group Non-MACE group P value Inspection value
Agelyear (X +5) 57+9 58+11 730 0.347°
Sex (male%) 66.7% 72.2% 369 0.908*
BMI (kg/m?, X +5) 259+2.7 257425 .654 0.451°
Hypertension [cases (%)] 38.9% 46.7% .653 0.203
Diabetes [cases (%)] 61.1% 20.1% .017 5.661*
Smoking history [cases (%)] 33.3% 46.7% 435 0.609*
Time from onset to balloon dil- 129+76 149 +68 .664 -0.831°
atation (min)
CK (ng/mL) 3996.1+1093.3 2069.9 +£1505.0 .003 —2.751°
CK-MB (ng/mL) 334.5+258.7 183.7+136.8 .008 —2.447°
cTnT (ng/mL) 5.32+2.11 6.03+10.7 .884 0.147°
CAG infarct-related vessel
LAD/LCX/RCA ratio (%) 72.2/11.1/16.7 46.7/6.67/46.6 .056 5.775%
GSMPI parameters
SRS 11.6+7.8 204+11.0 .036 0.879°
TPD (%) 0.34+0.1 0.20+0.1 .010 —-2.697°
LVEF (%) 379+12.6 43.1+£9.5 255 1.364
PER (EDV/s) -1.91+0.7 -2.15+0.5 339 —1.146°
PFR (EDV/s) 1.16 0.4 1.62+0.5 .011 2.647°
MSI 0.08+0.1 0.34+0.2 .0007 3.621°

BMI Body mass index, CK, CK-MB and c¢-TNI serum creatine kinase, creatine kinase isoenzyme, and tro-
ponin, respectively; LVEF left ventricular ejection fraction, MS myocardial salvage, and MSI myocardial
salvage index, PER peak ejection rate, PFR peak filling rate, SRS summed rest score, TPD total perfusion

defect
4Chi-square test value

®Independent-samples ¢ test value

Covariate B SE Wald P Exp (b) 95% CI of Exp (b)
MSI —-20.0635 6.1487 10.6475 .0011 1.9344E-9 1.1289E-14-0.0003
Variables not 735
included in the
model
PFR 736
SRS 737
TPD 738
Diabetes=1 739
CK 740
CK-MB 741

CK creatine kinase, CK-MB creatine kinase MB, PFR peak filling rate, SRS summed rest score, TPD total

perfusion deficit
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