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Abstract

Although myocardial contrast echocardiography (MCE) can evaluate microvascular perfusion abnormalities, its prognostic
value is uncertain in acute anterior wall ST-Segment elevation myocardial infarction (STEMI) with successful epicardial
recanalization. Therefore, the study aims to investigate the prognostic role of qualitative and quantitative MCE in acute
anterior wall STEMI with successful epicardial recanalization. 153 STEMI patients were assessed by MCE within 7 days
after successful epicardial recanalization. Qualitative perfusion parameters (microvascular perfusion score index, MPSI) and
quantitative perfusion parameters (A, p, and Af) were acquired using a 17-segment model. And corrected A and AP were
calculated. Patients were all followed for major adverse cardiovascular events (MACEs). During median follow-up of 27 (4)
months, 39 (25.49%) patients experienced MACEs, while 114 (74.51%) were free from MACEs. Patients with MACEs had
higher MPSI (1.65 +0.13 vs. No-MACEs 1.35+0.20, P <0.001), lower p (1.09 +0.19 s~ vs. No-MACEs 1.34+0.30 s,
P <0.001), corrected A (0.17+0.03 dB vs. No-MACEs 0.19 +0.04 dB, P=0.039) and lower corrected Ap (0.19 +0.06 dB/s
vs. No-MACEs 0.25+0.08 dB/s, P <0.001). MPSI of 1.44 provided an area under the curve (AUC) of 0.872, while j of
1.18 s7! and corrected Ap of 0.22 dB/s provided AUCs of 0.759 and 0.724, respectively. The combination of MPSI, p and
corrected AP provided an increased AUC of 0.964 (all P <0.05). Time-dependent ROC analysis showed that the AUCs
of the MPSI, f, corrected AP and the combination at 1, 1.5 and 2 years indicated a strong predictive power for MACEs
(AUC=0.900/0.894/0.881 for MPSI, 0.648/0.704/0.732 for B, 0.674/0.686/0.722 for corrected A, and 0.947/0.962/0.967 for
the combination, respectively). Patients with MPSI < 1.44, > 1.18 s~! or corrected Ap>0.22 dB/s had lower event rate (all
Log Rank P<0.001). MPSI, B, corrected Af, GLS and WBC were independent predictors of MACEs with adjusted hazard
ratio of 34.41 (8.18-144.87), P <0.001 for MPSI; 39.29 (27.46-65.44), P <0.001 for p; 8.93 (1.46-54.55), P=0.018 for
corrected AP; 10.88 (2.83—41.86), P=0.001 for GLS; and 1.43 (1.16-1.75), P=0.001 for WBC. Qualitative and quantita-
tive MCE can accurately predict MACEs in acute anterior wall STEMI with successful epicardial recanalization, and their
combined predictive value is higher.
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Introduction

Emergency percutaneous coronary intervention (ePCI) can
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shown that the patency of epicardial culprit vessels and the
restoration of microvascular perfusion (MVP) at the tissue
level are independent predictors of MACEs after reperfu-
sion. Therefore, for patients who achieve thrombolysis in
myocardial infarction (TIMI) grade 3 epicardial flow after
ePClI, it’s crucial to assess postoperative MVP for predicting
the prognosis.

Myocardial contrast echocardiography (MCE), which
indirectly visualizes the state of MVP by showing the refill-
ing of the microbubbles after a high mechanical index flash,
has been used to evaluate the function of myocardial micro-
circulation in patients with acute coronary syndrome [6, 7].
MCE parameters include qualitative perfusion parameters
(microvascular perfusion score index, MPSI) and quantita-
tive perfusion parameters (A, §, and AB). Qualitative param-
eters of MCE are more commonly used in recent studies
to identity microvascular flow abnormalities which lead to
worse function and prognosis in STEMI patients, especially
in patients with anterior wall STEMI whose incidence of
microvascular obstruction is up to 73% [8—10]. Nonetheless,
the prognostic value of quantitative parameters of MCE for
these patients is unclear. The purpose of this study was to
investigate the prognostic value of the qualitative and quan-
titative measurements with MCE during the follow-up in a
cohort of acute anterior wall STEMI patients with TIMI flow
grade 3 after ePCIL.

Methods
Study population

This was a prospective study, and 163 consecutive patients
with acute anterior wall STEMI underwent ePCI were
enrolled in Renmin Hospital of Wuhan University. The
inclusion criterion was continuous onset of chest pain with-
out remission accompanied with ST-segment elevation at
lowest 0.1 mV of at least 2 leads on the electrocardiogram
(acute anterior wall myocardial infarction) [11]. All patients
underwent coronary angiography and confirmed that the left
anterior descending (LAD) was the culprit artery. Then all
patients underwent ePCI and the TIMI flow of LAD were
restored to grade 3. Patients with hypersensitivity to ultra-
sound enhancing agents (UEAs), structural heart disease,
prior myocardial infarction and previous PCI were excluded.
All patients provided written informed consent. Approval
was obtained from the Ethics Committee of Renmin Hospi-
tal of Wuhan University.

Echocardiographic images acquisition

All patients underwent echocardiography using the
Philips Epic 7C ultrasound diagnostic system (Philips
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Medical Systems Inc., Andover, MA, USA) equipped with
a 2.0-3.5 MHz probe within 7 days after ePCI. We collected
the unenhanced images of parasternal long-axis views, the
parasternal short-axis views (at the levels of mitral valve,
papillary muscle and apex), the apical views (at 4-cham-
ber, 3-chamber and 2-chamber) for consecutive five cardiac
cycles with a frame rate > 50 FPS.

Then, resting real-time MCE was performed. Power-
modulation images were set at a very low mechanical index
(0.16-0.20) with a frame rate of 25 FPS. Acquisition set-
tings were optimized by adjusting the depth, focus, gain and
time-gain compensation controls. The UEAs was SonoVue
(Bracco, Milan, Italy). 2.5 ml reconstituted SonoVue was
further diluted with 12.5 ml saline, which was administered
intravenously at the rate of about 4 ml/min. Continuous
dynamic images were collected in the apical 4-chamber,
3-chamber, 2-chamber and short-axis views, in which a brief
high-mechanical index (1.1-1.3) “‘flash’’ impulse (duration
5-10 frames) was manually triggered, followed by very low
mechanical index imaging for up to 15 cardiac cycles. The
patient was observed for anaphylaxis after contrast infusion
about 30 min. And all patients had no adverse reactions.

Echocardiographic data analysis

The left ventricular end-diastolic volume (LVEDV), end-
systolic volume (LVESV), and ejection fraction (LVEF)
were calculated with biplane Simpson’s method using con-
trast-enhanced images. The wall motion score index (WMSI)
was determined by dividing left ventricular (LV) into 17
segments using the following scoring system: 1-normal,
2-hypokinetic, 3-akinetic or 4-dyskinetic. The speckle track-
ing analysis was performed off-line with stored dynamic
unenhanced images using Qlab (version 10.7, Philips Medi-
cal Systems, Bothell, WA, USA). The longitudinal strain was
determined using an automatic analysis process triggered
by placing 3 points (2 at the basal segments along the mitral
valve annulus and 1 at the apex) inside the endocardium at
the apical views. Then the global longitudinal strain (GLS)
was calculated.

The MPSI was depended on LV 17-segment model
and evaluated according to the following scoring system:
1-homogeneous contrast perfusion; 2-partial or reduced
contrast perfusion; and 3-absent contrast perfusion [12].
The quantitative analysis of MCE was performed off-line
with stored dynamic contrast-enhanced images using Qlab.
Regions of interest were manually positioned, and rea-
ligned frame-by-frame to maintain the myocardium con-
tained rather than the LV cavity and pericardium during
the entire replenishment sequence. The automatic motion
compensation mode was used when necessary. Segments
with artifacts or attenuation were excluded. Qlab software
automatically constructed a replenishment curve and fitted
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to an exponential function: y=A(1—e®)+C, in which A
is the peak plateau contrast intensity while p represents the
rate of UEAs replenishment, as shown in Fig. 1. The A, 8
and product of AP were expressed as the average values of
all segments. “A” was subsequently corrected for the blood
pool video intensity to acquire “corrected A” and “corrected
AP~ [13].

Clinical parameters and angiographic parameters

Baseline history, clinical characteristics, symptoms to rep-
erfusion time and results of laboratory tests were recorded
at the beginning of the enrollment period. Also, the indexes
related to coronary angiography including the pre- and
post-PCI TIMI flow grades, TIMI thrombus burden, lesion
locations and multivessel lesions were recorded. The TIMI
thrombus burden was recorded, in which scoring 4 points or
above (thrombus length greater than 2 times vessel diameter
or completely occlusive vessel) was considered to be high
thrombus load.

Follow-up

Follow-up was started at the time of MCE and collected by
periodic phone interviews and hospitalization records, with
major adverse cardiovascular events (MACEs) as the end
point. MACEs were defined as the composite of all-cause
mortality, admission for congestive heart failure, recur-
rent MI, and need for implantable cardioverter-defibrillator
placement [14]. According to the occurrence of MACEs dur-
ing the follow-up, we divided the patients into No-MACEs
and MACEs groups.

Statistical Analysis

All statistical analyses were performed using the Statisti-
cal Package for the Social Sciences (version 21.0, SPSS,
Inc., Chicago, U.S.) and R program (version 4.0.3). The
Kolmogorov—Smirnov test was used to confirm the normal
distribution of the data. Normally distributed continuous
variables were expressed as the mean + standard deviation
and assessed by the independent-samples t-test. Skew-dis-
tributed continuous variables were reported as the median
(interquartile range) and compared using a Mann—Whitney
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Fig. 1 Quantitative evaluations of the segmental microvascular perfusion status based on the replenishment curve analysis. A peak plateau myo-

cardial contrast intensity, 3 the replenishment curve slope
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U test. Categorical variables were presented as the frequency
(percentage) and analyzed using a y° test. The receiver oper-
ator characteristic (ROC) analyses were performed for ROC
curve and area under curve (AUC) with sensitivity, speci-
ficity and predictable cutoff values of parameters. Time-
dependent ROC curves were performed to further under-
stand the prediction capabilities. The AUCs of parameters
were compared by Wilcoxon rank sum test for predictive
values. Kaplan—Meier survival analysis was performed with
Log Rank test according to Mantel-Haenszel, where cut-
off values were used from preceding ROC analysis. Uni-
variate and multivariate Cox regression models were used
to identify predictors of MACEs, and to adjust for known
confounders and for variables that were significant on the
univariate model. The reproducibility analysis used the
intra-class correlation coefficient (ICC) of qualitative and
quantitative parameters of MCE for intra- and inter-observer
measurements. A 2-tailed P value less than 0.05 was consid-
ered statistically significant.

Results

We excluded 5 patients because of poor acoustic windows,
and 5 patients who were lost to follow up. As a result, 153
patients (120 men, 33 women; aged 55.63 + 10.87 years)

were included in the final study, as shown in Table 1. The
median follow-up time for all patients was 27 months, and
the interquartile range was 4 months. During the follow-up,
114 (74.51%) patients were free from MACEs (No-MACEs
group); 39 (25.49%) patients experienced MACEs (MACEs
group): 17 patients were hospitalized due to decompensated
congestive heart failure, and 8 patients had recurrent myo-
cardial infarction, 9 patients used ICD and 5 patients were
dead.

Baseline clinical characteristics

The baseline clinical characteristics are summarized in
Table 1. The proportion of patients with peak troponin I
(TNI) > 50 ng/ml in the MACEs group was significantly
higher than that in the No-MACESs group (n=33, 84.62%
vs. No-MACEs n=72, 65.79%, P=0.013). The prevalence
of hyperlipidemia was also higher in the MACEs group
(n=21,53.85% vs. No-MACEs n=39, 34.21%, P=0.030).
Patients with MACEs had a higher WBC count (12.77 +2.69
vs. No-MACEs 11.11 +£3.28, P=0.005). And there were no
differences in residual clinical characteristics between the
MACE:s group and No-MACE:s group (all P> 0.05).

Table 1 Baseline clinical

o Variable Total No-MACEs group MACEs group Pz pP*
characteristics of the
No-MACEs and MACEs group N (%) 153 (100%) 114 (74.51%) 39 (25.49%) - -
Age (y) 55.63+10.87 56.61+10.03 52.77+12.75 1.918 0.057
Men/Women (n) 120/33 90/24 30/9 0.070  0.791
Heart rate (beats/min) 73.53+13.69 74.53+14.40 70.62+11.01 1.762  0.082
Hypertension (n, %) 63 (41.18%) 48 (42.11%) 15 (38.46%) 0.159  0.690
Diabetes (n, %) 24 (15.69%) 18 (15.79%) 6 (15.38%) 0.004 0.952
Hyperlipemia (n, %) 60 (39.22%) 39 (34.21%) 21 (53.85%) 4.700  0.030
Current smokers (n, %) 84 (54.90%) 66 (57.89%) 18 (46.15%) 1.618 0.203
Drinkers (n, %) 21 (13.73%) 18 (15.79%) 3 (7.69%) 1.609  0.205
NT-proBNP (pg/ml) 867.00 (1405.00) 1044.00(1392.00) 581.00 (1281.00) —1.409 0.159
Peak ultra-TNI (n, %)
>50 ng/ml 105 (68.63%) 72 (65.79%) 33 (84.62%) 6.214 0.013
Hs-CRP (mg/L) 4.47 (5.53) 4.15 (4.06) 5.73 (6.34) —1.734  0.083
WBC count (x 10°/L) 11.54+3.22 11.11+3.28 12.77+2.69 —2.843  0.005
Platelet count (x 10°L)  243.06+61.93 239.21+56.21 254.31+75.97 —1.139 0.260
Medications (n, %)
DAPT (n, %) 148 (96.73%) 109 (95.61%) 38 (97.44%) - 1.000
B-blocker (n, %) 134 (87.58%) 100 (87.72%) 34 (87.18%) - 1.000
Statin (n, %) 141 (92.16%) 102 (89.47%) 38 (97.44%) - 0.186

@ Springer

Bold values indicate the statistically significant P value (P < 0.05)

NT-proBNP N-terminal pro-brain natriuretic peptide, TN/ troponin I, Hs-CRP High-sensitivity C-reactive
protein, WBC white blood cell, DAPT dual-antiplatelet therapy bolus and maintenance therapy

*Compared with No-MACEs group
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Table2 Angiographic Variable Total No-MACEs group MACESs group Z/y2 P*
parameters of the No-MACEs
and MACEs group N (%) 153 (100%) 114 (74.51%) 39 (25.49%) - -
Symptoms to reperfusion time (h) 5 (6) 4.5 (6) 5(5) —0.780 0.435
Pre-PCI TIMI flow grade
0 (n, %) 90 (58.82%) 69 (60.53%) 21 (53.85%) 0.535 0.464
1 (n, %) 42 (27.45%) 33 (28.95%) 9 (23.08%) 0.503 0.478
2 (n, %) 21 (13.73%) 12 (10.52%) 9 (23.08%) 2.878 0.090
TIMI thrombus burden>4 (n, %) 6 (3.13%) 3(2.63%) 3 (7.69%) - 0.173
Lesion location of LAD
Proximal segment (n, %) 72 (47.06%) 48 (42.11%) 24 (61.54%) 4.405 0.036
Middle segment (n, %) 79 (51.63%) 65(57.02%) 14 (35.90%) 5.190 0.023
Distal segment (n, %) 2 (1.31%) 1(0.87%) 1(2.56%) - 0.446
Multivessel lesions (n, %) 33 (21.57%) 24 (21.05%) 9 (23.08%) 0.070 0.791

Bold values indicate the statistically significant P value (P < 0.05)

PCI percutaneous coronary intervention, 7/MI thrombolysis in myocardial infarction, LAD left anterior

descending

*Compared with No-MACEs group

Angiographic parameters

Comparisons of angiographic parameters between patients
with and without MACE:s are presented in Table 2. Patients
with MACEs exhibited higher proportions of LAD proxi-
mal lesions (n=24, 61.54% vs. No-MACEs n=48,42.11%,
P=0.036) and lower proportions of middle lesions (n= 14,
35.90% vs. No-MACEs n=65, 57.02%, P=0.023) than
patients without MACEs. Other parameters such as symp-
toms to reperfusion time, pre-PCI TIMI flow grade, TIMI
thrombus burden and the multivessel lesions also didn’t

achieve statistical significance between the two groups (all
P>0.05).

Echocardiographic characteristics

As shown in Table 3, patients with MACEs had signifi-
cantly larger WMSI (1.64 +0.23 vs. No-MACEs 1.48 +0.27,
P=0.001), MPSI (1.65+0.13 vs. No-MACEs 1.35+0.20,
P <0.001) and a smaller LVEF (44.13 +7.36 vs. No-
MACE:s 48.00+9.75, P=0.011), GLS (—11.67 +1.81 vs.
No-MACEs—13.51+3.71, P<0.001) than patients without

Table 3 Echocardiographic

- Variable Total No-MACESs group MACESs group t¢Z p*
characteristics of the
No-MACEs and MACEs group N (%) 153 (100%) 114 (74.51%) 39 (25.49%) - -
LVEDV (ml) 128.63+35.34 126.35+37.11 135.30+28.99 —-1.369 0.173
LVESV (ml) 69.92+2691 67.63+27.52 76.60+24.16 —1.810 0.072
LVEF (%) 47.02+9.33 48.00+9.75 44.13+7.36 2.596 0.011
WMSI 1.52+0.27 1.48+0.27 1.64+0.23 —-3.259 0.001
GLS (%) —13.04+3.42 —13.51+3.71 —11.67+1.81 —4.075 0.000
MPSI 1.43+0.23 1.35+0.20 1.65+0.13 —10.252  0.000
ﬁ(s’l) 1.28+0.30 1.34+0.30 1.09+0.19 5.957 0.000
A (dB) 7.48+1.36 7.54+1.39 7.33+1.27 0.811 0.419
Blood pool video intensity (dB) 41.36 (2.26)  41.37 (2.93) 41.11 (1.19) —-0.528 0.598
Corrected A (dB) 0.18+0.04 0.19+0.04 0.17+0.03 2.078 0.039
Corrected AP (dB/s) 0.24+0.08 0.25+0.08 0.19+0.06 4.274 0.000

Bold values indicate the statistically significant P value (P < 0.05)

LVEDYV left ventricular end-diastolic volume, LVESYV left ventricular end-systolic volume, LVEF left ven-
tricular ejection fraction, WMSI wall motion score index, GLS global longitudinal strain, MPSI microvas-

cular perfusion score index

*Compared with No-MACEs group
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MACESs. Moreover, no significant differences in LVEDV
and LVESV were identified between the two groups (all
P>0.05).

Quantitative MCE analysis was feasible in 2327 of 2601
segments (89.47%), unsuccessful in 274 segments (10.53%)
due to not obtaining a satisfactory curve. Compared with
patients without MACEs, B (1.09+0.19 s~! vs. No-MACEs
1.34+0.30 s™!, P<0.001), corrected A (0.17 +0.03 dB
vs. No-MACEs 0.19+0.04 dB, P=0.039) and corrected
AP (0.19+0.06 dB/s vs. No-MACEs 0.25+0.08 dB/s,
P <0.001) were significantly lower in patients with MACEs;
however, no statistically significant differences were found
in A (7.33+1.27 dB vs. No-MACEs 7.54+1.39 dB,
P=0.419), blood pool video intensity (41.11 dB, IQR
1.19 dB vs. No-MACEs 41.37 dB, IQR 2.93 dB, P=0.598)
(Table 3).

Prediction for MACEs after ePCl

The predicted values of above variables with statistical dif-
ferences for MACEs after ePCI are listed in Table 4 and
Fig. 2a. The results indicated that MPSI, B, corrected Ap,
WMSI, GLS, WBC count and peak ultra-TNI > 50 ng/ml
achieved an area under the curve (AUC) 0.872, 0.759, 0.724,
0.683, 0.644, 0.666 and 0.607 in turn for the ability to pre-
dict MACEs. A cut-off value for MPSI was 1.44 with sensi-
tivity of 92.30% and specificity of 68.40%, for p was 1.18 s~
with sensitivity of 76.90% and specificity of 71.10%, and
for corrected AP was 0.22 dB/s with sensitivity of 69.20%
and specificity of 65.80%. The ROC curve of the combined
prediction for MACEs by the qualitative and quantitative
MCE indicators MPSI,  and corrected AP was drawn, and
the AUC was increased to 0.964 (P <0.05) while the sensi-
tivity and specificity were increased to 92.30% and 92.10%,

respectively. In addition, time-dependent ROC analysis was
performed on MPSI, B, corrected AP and the combination
to further understand the prediction capabilities for 1-, 1.5-
and 2- year MACEs. The AUCs of the MPSI, f, corrected
Ap and the combination at 1, 1.5 and 2 years, as shown in
Fig. 2b-e, indicated a strong predictive power for MACEs
(AUC=0.900/0.894/0.881 for MPSI, 0.648/0.704/0.732 for
B, 0.674/0.686/ 0.722 for corrected AP, and 0.947/0.962/
0.967 for the combination, respectively).

After dichotomization of patients using MPSI < 1.44 or
B>1.18 s! or corrected Ap>0.22 dB/s as a cutoff value,
Kaplan—Meier curves confirmed significant differences
in the probability of free from MACEs (all Log Rank
P <0.001), as presented in Fig. 3.

Table 5 showed univariate and multivariate Cox regres-
sion analyses of parameters associated with MACEs.
Hyperlipemia, peak TNI > 50 ng/ml, WBC, LVEF < 50%,
WMSI > 1.44 were significant predictors of MACE:s in uni-
variate proportional hazard analyses, in addition to MPSI,
B and corrected AP. Using multiple variable proportional
hazard models (adjusting for significant variables in the
univariate model), MPSI, B, corrected Af, GLS and WBC
were independent predictors of MACEs, with adjusted haz-
ard ratio of 34.41 (8.18-144.87), P <0.001 for MPSI; 39.29
(27.46-65.44), P <0.001 for B; 8.93 (1.46-54.55), P=0.018
for corrected Ap; 10.88 (2.83-41.86), P=0.001 for GLS;
and 1.43 (1.16-1.75), P=0.001 for WBC, respectively.

Reproducibility

We randomly selected 15 STEMI patients for the reproduc-
ibility analysis. The intra-observer analysis indicated the
results of MPSI, B, A, blood pool video intensity and cor-
rected AP were 0.94, 0.81, 0.82, 0.87 and 0.81 respectively.

Table 4 Diagnostic efficiency of

Variable MACEs
parameters for MACEs
AUC P Cutoff value Sensitivity Specificity

Hyperlipemia 0.598 0.068 - - -
Peak ultra-TNI > 50 ng/ml 0.607 0.046 50.00 84.60% 36.80%
WBC count (x 10%/L) 0.666 0.002 11.89 76.90% 63.20%
LVEF 0.589 0.097 - - -
GLS (%) 0.644 0.007 —13.17 92.30% 52.60%
WMSI 0.683 0.001 1.44 76.90% 50.00%
B(s™hH 0.759 0.000 1.18 76.90% 71.10%
Corrected A 0.579 0.142 - - -
Corrected Ap (dB/s) 0.724 0.000 0.22 69.20% 65.80%
MPSI 0.872 0.000 1.44 92.30% 68.40%

Bold values indicate the statistically significant P value (P < 0.05)

AUC area under the curve, LVESV left ventricular end-systolic volume, LVEF left ventricular ejection frac-
tion, GLS global longitudinal strain, WMSI wall motion score index, MPSI microvascular perfusion score

index
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Fig.2 Receiver operator characteristic curves for the prediction
of MACEs in acute anterior wall STEMI patients with TIMI flow
grade 3 after ePCI. aThe AUCs of MPSI, B and corrected Af were
0.872, 0.759 and 0.724. The combination of MPSI, f and corrected
AP provided an increased AUC of 0.964 (sensitivity of 92.30% and
specificity of 92.10%). b—e Time-dependent ROC analysis showed
the AUCs at 1, 1.5 and 2 years were 0.900/0.894/0.881 for MPSI,
0.648/0.704/0.732 for P, 0.674/0.686/0.722 for corrected AP, and
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0.947/0.962/0.967 for the combination, respectively. Abbreviations:
MACEs major adverse cardiovascular events, STEMI ST-segment
elevation myocardial infarction, T/MI thrombolysis in myocardial
infarction, ePCI emergency percutaneous coronary intervention, AUC
area under the curve, GLS global longitudinal strain, A peak plateau
myocardial contrast intensity, # the replenishment curve slope, MPSI
microvascular perfusion score index
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Fig.3 Kaplan-Meier survival curves comparing
ity of being free from MACEs: a patients with MPSI<1.44 ver-
sus MPSI>1.44, b patients with p>1.18 s~ versus p<1.18 s,
and c¢ patients with corrected AP>0.22 dB/s versus corrected
AB<0.22 dB/s. MACEs major adverse cardiovascular events, A peak
plateau myocardial contrast intensity, # the replenishment curve
slope, MPSI microvascular perfusion score index

The inter-observer analysis revealed the results of MPSI, 3,
A, blood pool video intensity and corrected Ap were 0.93,
0.79, 0.78, 0.85 and 0.79 respectively.

Discussion

In this study, we investigated the prognostic impact of early
qualitative and quantitative MCE evaluations on further risk
stratification in 153 successfully reperfused acute anterior
wall STEMI patients with TIMI flow grade 3. The major
findings of our study were as follows: (1) patients expe-
rienced MACEs exhibited the poor qualitative perfusion
parameter of MPSI, accompanied by lower quantitative per-
fusion parameters of B, corrected A and corrected Ap; (2)
early assessments of MPSI, § and corrected Ap after ePCI
could provide predictive value of MACEs, and the combina-
tion of the three had the best predictive power; (3) patients
with MPSI< 1.44 or B> 1.18 s™! or corrected Ap>0.22 dB/s
might be less prone to MACE:s.

MCE for evaluation of MVP

MCE indirectly reflects MVP by relying on the velocity and
peak intensity of UEAs filling capillaries which including
qualitative and quantitative analysis methods. The capillar-
ies account for 90% of the myocardial blood volume [15].
When the UEAs within the capillaries achieve a steady state,
A represents the myocardial blood volume. After a high
mechanical index flash, p reflects the capillary blood veloc-
ity. The myocardial blood flow is expressed as AP. The quan-
titative values of A, f and Ap are favorable supplements for
qualitative visual evaluation of MVP. MCE has been used
to detect myocardial viability, evaluate coronary artery flow
reserve and diagnose coronary artery disease [16—18]. A
meta-analysis [19] indicated the diagnostic efficiency of A,
f and AP in determining coronary artery disease, and the
AUCs were 0.637, 0.851 and 0.859, respectively. Addition-
ally, animal as well as human studies have demonstrated
that MCE is safe and effective in evaluating MVP in STEMI
patients [20-23].

@ Springer

the probabil- »

(a) - |

o
®
1

o
2
1

Log Rank P =0.000

o
S
1

—TMPSI-1.44
—TTMPSI=1.44
—+— MPSI-<1.44.censored
~—+~ MPSI=1.44.censored

Probability of freedom from MACEs (%)

o
8]
1

0.0 T T T
0 8 16 24 32

Follow-up (months)

o
o
1

Log Rank P = 0.000

Probability of freedom from MACEs (%)
o
S
1

_rp=1.18
—Ip<1.18
—+—p=1.18-censored
—t—p=1.18-censored

S
¥
1

0.0 T T T
0 8 16 24 32

Follow-up (months)

—
()
~—
o
1

o
@
1

o
o
1

Log Rank P =0.000

o
=
1

—Icorrected Ap>0.22

~corrected AR <0.22

~t- corrected Ap>~0.22-censored
{— corrected Ap <0.22-censored

Probability of freedom from MACEs (%)

o
%)
1

0.0 T T
0 8 16 24 32

Follow-up (months)



The International Journal of Cardiovascular Imaging (2022) 38:1487-1497 1495

Tablg 5 Univariate and . Univariate analysis Multivariate analysis

multivariate Cox regression

modeling for predicting MACEs HR (95% CI) HR (95% CI)
Age 0.97 (0.95-1.00) 0.050 1.03 (0.99-1.07) 0.083
Gender, male 0.82 (0.39-1.73) 0.601 0.34 (0.10-1.15) 0.083
Hyperlipemia (n, %) 1.97 (1.05-3.71) 0.035 2.85(0.85-9.52) 0.088
Peak ultra-TNI > 50 ng/ml 3.03 (1.27-7.23) 0.013 2.09 (0.04-121.31) 0.722
WBC count (x 10°/L) 1.15 (1.04-1.26) 0.004 1.43 (1.16-1.75) 0.001
LVEF<50% 3.33 (1.40-7.97) 0.007 0.61 (0.01-34.00) 0.811
WMSI> 1.44 2.86 (1.36-6.02) 0.006 0.88 (0.32-2.44) 0.806
GLS <-13.17 (%) 10.46 (3.22-33.98) <0.001 10.88 (2.83-41.86) 0.001
MPSI > 1.44 18.34 (5.64-59.67) <0.001 34.41 (8.18-144.87) <0.001
p<1.18 (s7h 5.79 (2.75-12.21) <0.001 39.29 (27.46-65.44) <0.001
Corrected AP <0.22 (dB/s) 3.36 (1.70-6.63) <0.001 8.93 (1.46-54.55) 0.018

Bold values indicate the statistically significant P value (P < 0.05)

HR hazards ratio

Potential mechanisms associations between poor
MVP and MACEs

Our study showed that patients with MACEs exhibited
increased MPSI as well as decreased 3, corrected A and cor-
rected AP. To date, it’s still uncertain on the mechanisms of
adverse prognosis due to the MVP abnormality. The poten-
tial mechanisms are as follows. The self-regulation of myo-
cardial microcirculation is a vital mechanism to ensure the
flow supply of coronary arteries. And the injured myocardial
microcirculation results in poor MVP, which accounts for
angina and recurrent myocardial infarction in the condition
of increased oxygen demand [24]. Baks et al. [25] demon-
strated that LV segments with abnormal MVP didn’t gain
improvements in terms of the wall thickening, even became
thinner during 5 months follow-up. The thinning wall can
cause increased tension of the involved and adjacent myo-
cardium, promote myocardial extension and expansion, and
further contribute to myocardial remodeling. The resulting
electroanatomical substrate is characterized by increased
nonuniform anisotropy and macroscopic slowing of conduc-
tion, which is associated with a higher risk of reentry phe-
nomenon, arrhythmia and sudden death [26]. A report from
Nijveldt et al. [27] showed that most STEMI patients with
MYVP defect had enlarged LVEDV and unimproved LVEF in
the 4-month follow-up, which supports the hypothesis that
MVP abnormalities are closely related to LV remodeling,
chronic heart failure, even cardiac death.

Prognostic value of qualitative and quantitative
MCE in STEMI patients

Several studies have found that qualitative and quantitative
parameters of MCE can reflect the recovery of myocardial
structure and function in reperfused STEMI patients, and

serve as independent predictors for short-term or long-term
prognosis [28, 29]. According to Galiuto et al. [12], only
TIMI flow grade less than 3 and contrast defect size more
than 25% were independently related with LV remodeling;
among patients with TIMI flow grade 3, contrast defect size
was the only independent variable in connection with LV
remodeling. A study conducted by Dwivedi et al. [30] inves-
tigated that MPSI was a strong predictor for reinfarction
and death in patients with STEMI. When the cutoff point
of MPSI was 1.67, the sensitivity and specificity were 80%
and 76%, respectively. A more recent study from the Mayo
clinic [31] revealed that MPSI, B, corrected A and corrected
AP provided AUCs of 0.873, 0.858, 0.747 and 0.842 in the
matter of predicting MACEs in STEMI patients after PCI.
And MPSI > 1.58 and corrected AP <0.32 were most valu-
able predictors of MACEs with an adjusted hazard ratio of
3.41 and 4.19. Our data extended these clinical observations
through enlarging the sample size and focusing on particular
acute anterior wall STEMI patients with TIMI flow grade
3 after ePCI. As in the previous studies, our findings also
confirmed that poorer MPSI and lower myocardial blood
flow were predictive of a poor outcome.

Unlike other studies, our results proposed that the com-
bination of qualitative and quantitative parameters of MCE
had higher clinical significance for the first time, with the
AUC of predicting MACEs rising to 0.964. We also discov-
ered quantitative parameter A was less prognostic than 8
and Af. Furthermore, MPSI, B and Ap had more effect on
predicting outcomes than other noninvasive parameters such
as GLS and WMSI, especially with high specificity. GLS has
the same sensitivity with MPSI, while the specificity was
much lower, which may be explained by the early postopera-
tive myocardial perfusion was restored but the wall motion
was not in some patients without MACE:s.
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Clinical implications

All these findings suggest that the changes in MVP are
related to the new-onset of MACEs after ePCI. Therefore,
early determination of post-ePCI MVP may help identify
the risk of MACEs. If the MVP is critically poor, optimal
or additional strategies may be required. MCE, radionuclide
perfusion imaging and cardiac magnetic resonance are non-
invasive imaging modalities widely used to assess MVP.
Unlike radionuclide perfusion imaging, MCE is portable,
nonradiative, inexpensive, and can obtain myocardial blood
flow. Cardiac magnetic resonance has excellent spatial reso-
lution, however its application was limited in patients with
renal insufficiency, cardiac pacemaker, claustrophobia and
critically ill in intensive care unit. Also, MCE, which can be
performed at the bedside, acquire data rapidly and have no
side effect on kidney, may be the technique of prior choice
for early evaluation of MVP in STEMI patients after ePCI.

Study limitations

This study has several limitations. The main limitation is
the evaluation of qualitative and quantitative parameters of
MCE all highlight global MVP at the cost of more detailed
information between the non-ischemic and ischemic seg-
ments. In addition, the patient sample was single center. Fur-
thermore, we should collect more ultrasound data during
follow-up to assess the effects of MVP on recovery of LV
structure and function.

Conclusions

Qualitative and quantitative parameters of MCE can accu-
rately predict MACE:s in acute anterior wall STEMI patients
with TIMI flow grade 3 following ePCI, and their combined
predictive value is higher, which is expected to provide a
practical method for early clinical risk stratification of acute
anterior wall STEMI patients after ePCI.
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