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Low-dose dobutamine stress myocardial
contrast echocardiography for evaluating
myocardial microcirculation perfusion

and predicting long-term prognosis in ST-
segment elevation myocardial infarction after
percutaneous coronary intervention

Li Li", Na Hu', Linzi Li? and Liangyi Li**

Abstract

Objective Percutaneous coronary intervention (PCl) can effectively restore myocardial perfusion in patients with
ST-segment elevation myocardial infarction (STEMI). Nevertheless, STEMI patients may still experience a “no-reflow”
phenomenon after PCl. Accordingly, this study focused on the clinical value of low-dose dobutamine stress
myocardial contrast echocardiography (MCE) for evaluating myocardial microcirculation perfusion and long-term
prognosis in STEMI patients after PCI.

Methods This study included 70 STEMI patients receiving PCl. Low-dose dobutamine stress MCE was performed to
detect viable myocardium at 72 h after PCl and quantitatively analyze myocardial microcirculation perfusion at 72 h
and 6 months after PCl. Patients were categorized into dobutamine stress echocardiography (DSE)-positive and DSE-
negative groups, followed by comparisons of LVEF. The 3-year survival of STEMI patients after PCl was analyzed.

Results No adverse reactions occurred during low-dose dobutamine stress MCE. Low-dose dobutamine stress MCE
effectively detected viable myocardium at 72 h after PCI (AUC: of 0.849). Under the basal or stress state, A, 3, and AX 3
values of viable myocardium at 6 months after PCl were prominently higher than values at 72 h after PCI. Aand Ax 3
values of viable myocardium at 6 months after PCl were considerably higher in the stress state than in the basal state.
LVEF and long-term survival rates after PCl were markedly higher in the DSE-positive group than in the DSE-negative
group.

Conclusion Low-dose dobutamine stress MCE is an effective evaluation method for myocardial perfusion, left
ventricular function recovery, and poor long-term prognosis in STEMI patients after PCI.
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Introduction

Acute myocardial infarction (AMI) is a cardiovascu-
lar disease resulting from irreversible myocardial dam-
age evoked by insufficient oxygen [1, 2]. As a subtype
of AMI, ST-segment elevation myocardial infarction
(STEMI) typically manifests as typical ST-segment eleva-
tion on electrocardiogram (ECG) and is the dominating
cause of morbidity and death of patients with coronary
artery disease (CAD) [3]. Percutaneous coronary inter-
vention (PCI) is recommended by guidelines for STEMI
patients to effectively restore myocardial perfusion in
the infarcted area since it can restore coronary perfusion
through a stent [4—6]. However, even if revascularization
is successful, STEMI patients still exhibit a “no-reflow”
phenomenon in the infarct area and myocardial reper-
fusion injury after PCI [7, 8]. Moreover, the “no-reflow”
phenomenon is associated with clinical adverse events
after PCI, such as malignant arrhythmia, left ventricu-
lar (LV) dysfunction, recurrent MI, and even death [9].
Therefore, early and accurate evaluation of myocardial
perfusion and ventricular function after PCI is key for
improving the prognosis of STEMI patients.

Myocardial contrast echocardiography (MCE) is an
ionizing radiation-free strategy that can timely evaluate
the integrity of myocardial vasculature based on micro-
bubbles and then rapidly acquire and interpret myocar-
dial viability (MV) data for prognostic prediction [10].
MCE can be utilized in the assessment of infarct size and
MV because it reflects myocardial microcirculation via
myocardial perfusion [11]. MCE has been applied to pre-
dict prognosis and evaluate coronary microcirculation
after PCI in MI patients, particularly STEMI patients
[12, 13]. As a mature technology in adult cardiology,
stress echocardiography is primarily applied to evaluate
regional myocardial function in patients with suspected
or diagnosed CAD as it can detect both ischemia and
valve disease-induced hemodynamic changes [14]. In this
procedure, dobutamine is a commonly used stressor [15],
which is a relatively cardio-selective drug [16]. Dobuta-
mine stress echocardiography (DSE) can evaluate MV
in patients with chronic LV systolic dysfunction, where
non-viable tissues with transmural or non-transmural
infarction can be accurately differentiated from stunned
or hibernating myocardium according to the presence
or absence of contractile responses to dobutamine [17].
Additionally, low-dose dobutamine can increase coro-
nary blood flow and then improve myocardial systolic
function [18]. At present, most patients refuse positron
emission tomography (PET) owing to its high price and
radioactivity. In recent years, research on stress MCE

is limited [19, 20]. After long-term clinical practice and
application, low-dose dobutamine is considered safe,
and the safety of dobutamine stress MCE has been con-
firmed in studies [21, 22]. Prior studies have revealed that
low-dose dobutamine stress MCE is effective in assess-
ing post-PCI cardiac function in AMI patients and has
a diagnostic effect on myocardial ischemia and damage
in patients with coronary heart disease [23]. Neverthe-
less, there is no relevant research on the assessment of
long-term prognosis in STEMI patients after PCI with
low-dose dobutamine stress MCE. In the present study,
low-dose dobutamine stress MCE was utilized to assess
myocardial microcirculation perfusion in 70 STEMI
patients receiving PCI and to predict the risk of 3-year
dismal prognosis after PCI, which can provide data refer-
ence and effective guidance for the prediction and man-
agement of myocardial microcirculation and all-cause
mortality in STEMI patients after PCIL

Materials and methods

Participants

This study included 70 STEMI patients who received
PCI at the Fourth Hospital of Changsha from June 2018
to May 2020. In our study, the double-blind method was
utilized to control the bias caused by grouping on the
experiment, and the randomization method was used
to avoid the bias induced by the predictability of treat-
ment assignment when grouping. The inclusion criteria
were as follows: (i) patients conforming to the definition
of AMI in the 4th edition of the Fourth Universal Defini-
tion of Myocardial Infarction (2018) jointly formulated by
ACC, AHA, ESC, and WHF and the diagnostic criteria
of STEMI in the Guidelines for the Diagnosis and Treat-
ment of Acute ST-segment Elevation Myocardial Infarc-
tion issued by the China Society of Cardiology of Chinese
Medical Association in 2015: chest pain>30 min, a new
left bundle branch block, ST-segment elevation (>0.1
mV) in consecutive ECG leads, and elevated levels of
serum creatine kinase (CK) or troponin (myocardial
damage biomarkers; CK>24 U/L and high-sensitivity
cardiac troponin I [hs-cTnl]>0.4 ng/mL); (ii) patients
with thrombolysis in myocardial infarction (TIMI) grade
0/1 (no thrombolytic therapy prior to PCI); (iii) patients
with cardiopulmonary function of Killip classes I-III; (iv)
patients receiving PCI within 24 h after the onset of chest
pain and undergoing dobutamine stress MCE before PCI
and at 72 h and 6 months after PCI (all patients discon-
tinued B-blockers until 24 h before dobutamine stress
MCE); (v) first-episode patients; (vi) patients aged>18
years; (vii) patients who met the indications for PET and
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underwent PET. The exclusion criteria were as follows: (i)
patients with left main CAD or severe triple vessel CAD;
(ii) patients with persistent tachycardia; (iii) patients with
allergy-like reactions to contrast media; (iv) patients with
contraindications to antiplatelet or anticoagulant therapy,
MCE, or PET; (v) patients combined with severe hepatic
or renal impairment, aortic dissection, hemorrhagic cere-
brovascular disease, or active hemorrhage in organs; (vi)
patients who had undergone thrombolytic therapy; (vii)
patients with cardiogenic shock. All experiments in this
study were approved by the Ethics Committee of the
Fourth Hospital of Changsha and complied with the Dec-
laration of Helsinki.

Treatment of patients

Coronary angiography was performed with the Judkins
method to determine the arterial stenosis degree. After
the location of the infarcted vessel and the extent of ste-
nosis or occlusion were determined with coronary angi-
ography, the appropriate stent was selected based on the
internal diameter of the vessel at the lesion. The catheter
was withdrawn after PCI. The radial artery was punc-
tured for 6 h of local compression hemostasis, and the
femoral artery was punctured for 12-24 h of compres-
sion hemostasis. Criteria for surgical success were as fol-
lows: residual stenosis of the target vascular lumen <20%
and TIMI grade III after stenting. In this study, stenting
was successfully completed in all patients, with a surgical
success rate of 100%.

Clinical data collection

Baseline data of all participants were obtained at the time
of enrollment, encompassing age, gender, body mass
index (BMI), smoking history, comorbidities (diabetes
mellitus [DM], hypertension, and hyperlipidemia), Kil-
lip class, TIMI grade, infarct-related arteries (circumflex
artery, anterior descending artery, and right coronary
artery), CK-MB, and hs-cTnl.

PET

Indications for PET included staging, grading, and early
diagnosis of tumors, localization of primary foci of meta-
static tumors, assessment of efficacy and prognosis, car-
diovascular diseases, and neurological diseases. PET,
which is currently utilized as the gold standard for the
detection of viable myocardium [24, 25], was performed
at 72 h after PCIL. Myocardial segments were categorized
into normal myocardium (segments with normal perfu-
sion and metabolism), viable myocardium (segments
with reduced perfusion but normal metabolism), and
non-viable myocardium (segments with impaired per-
fusion and metabolism) groups according to the PET
results.
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Routine echocardiography

Prior to MCE, routine echocardiography was performed
using a Philips iE33 color Doppler ultrasound machine
equipped with an S5-1 2D probe (frequency: 1 -5 MHz).
Patients were placed in a left-lateral position and con-
nected with the electrocardiograph. Left ventricular
ejection fraction (LVEF) was measured with the biplane
Simpson method.

MCE

MCE was carried out with a Philips iE33 color Doppler
ultrasound machine equipped with an X3-1 3D probe
(frequency: 1-3 MHz) at 72 h and 6 months after PCI.
Before MCE, a two-dimensional ECG was conducted,
with SonoVue (Bracco Imaging SpA, Milan, Italy) as the
contrast medium. Specifically, 59 mg of SonoVue diluted
with normal saline (20 mL) was shaken for 20 s to harvest
white microbubble suspensions, which were injected into
patients via the anterior vein of the upper extremity at
1.5 mL/min. After 2-3 min of contrast medium stabiliza-
tion in the myocardial image, the contrast microbubbles
in the myocardium were destroyed by high-mechani-
cal index ultrasound beam emission, and microbubble
reperfusion was observed in the view of the heart apex
with a mechanical index<0.2. $-blockers and drugs that
may affect myocardial contractility were prohibited 24 h
before MCE.

Low-dose dobutamine stress MCE

Patients were given low-dose dobutamine at an initial
dose of 5 pg/kg/min which were then elevated to 10 pg/
kg/min and then 20 pg/kg/min every 3 min. Heart rate
and blood pressure were measured, and MCE was per-
formed again with the same settings when the stress dose
was reached.

MCE analysis
MCE images were analyzed: myocardial segments with
abnormal ventricular wall motion were selected for quali-
tative analysis. MCE results were scored with the follow-
ing criteria: 1 score, enhanced uniform echoes suggested
good myocardial perfusion; 2 scores, sparse or uneven
echoes and subendocardial filling defects represented
diminished myocardial perfusion; 3 scores, filling defects
marked no myocardial perfusion. An MCE result score of
<2 indicated viable myocardium, whereas myocardial fill-
ing defects signified no myocardial viability.
Semi-quantitative analysis of MCE was carried out:
(1) uniform and adequate contrast medium display and
favorable perfusion (1 score); (2) sparse contrast medium
display and weak or partial flaky perfusion (0.5 scores);
(3) contrast medium filling defects or no perfusion (0
scores). The semi-quantitative index was statistically ana-
lyzed with the contrast enhancement index (CSI), which
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was calculated with the following method: the sum of the
angiographic scores of the relevant segments was divided
by the number of segments.

MCE results were also quantitatively analyzed. The
region of interest (ROI) was positioned in the cen-
ter of the wall of each segment (for the size of the ROI,
5 mm? was set as a standard) to analyze changes in the
echo intensity of contrast medium microbubble signals
in myocardial tissues over time. The endometrium, epi-
cardium, and papillary muscles were not selected for
analysis. QLAB version 10.5 software (Philips, Andover,
MA) was utilized to automatically plot the time-perfu-
sion intensity curve and fit the following function: Y=A
x (1-ePY (A, the peak intensity of the curve, indicating
the myocardial blood volume; P, the slope of the curve,
representing the myocardial blood flow [MBF] velocity;
A x B, reflecting MBF) [26-28].

Endpoints and follow-up

Patients were followed up for 3 years at an interval of 3
months. The endpoint event of this study was all-cause
mortality within 3 years or until the end of follow-up. The
hospital information system was used to collect data dur-
ing hospitalization, and telephone follow-up was used
after discharge to mainly inquire about the post-PCI sur-
vival status of patients.

Statistical analysis

Sample size estimation was performed with G*Power
3.1.9.7 (University of Diisseldorf, Diisseldorf, Germany)
and a statistical efficiency-based method, and the sample
size in this study met the sample size requirements for
the independent samples ¢-test and the paired ¢-test (Fig-
ure S1A-B). Data were statistically analyzed and graphed
with SPSS 21.0 statistical software (IBM, Armonk, NY,
USA) and GraphPad Prism 8.01 software (GraphPad
Software, SanDiego, CA, USA). The Shapiro-Wilk test
was utilized to test the normality of measurement data.
Measurement data conforming to normal distribution
were summarized as mean tstandard deviation, with
the independent samples ¢-test for intergroup compari-
sons. The paired ¢-test was utilized for comparisons of
measurement data at 72 h and 6 months after PCI. Mea-
surement data not matching normal distribution were
presented as median [interquartile range], with the Wil-
coxon test for intergroup comparisons. Count data were
presented as the number of cases and percentages, and
comparisons of count data between two groups were
conducted with the chi-square test. Receiver-operating
characteristic (ROC) curves were drawn to analyze the
value of low-dose dobutamine stress MCE in detecting
viable myocardium at 72 h after PCIL. The quantitative
analysis of MCE was carried out when low-dose dobuta-
mine stress MCE was performed to evaluate myocardial
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microcirculation perfusion at 72 h and 6 months after
PCI. The semi-quantitative analysis of MCE was con-
ducted when low-dose dobutamine stress MCE was con-
ducted to assess the LV function of STEMI patients after
PCI and when the value of low-dose dobutamine stress
MCE in assessing long-term prognosis in STEMI patients
after PCI was evaluated according to LV function results.
Log-rank analysis was performed to assess the 3-year
survival of STEMI patients after PCI in the DSE-positive
and DSE-negative groups. The difference was considered
statistically significant at p < 0.05.

Results

Baseline data of the participants

This study involved 70 STEMI patients who under-
went PCI, comprising 41 males and 29 females. The
patients were aged 45.3 to 79.6 years, with a mean age
of 62.5+10.4 years. Among these patients, patients with
smoking history accounted for 44.29%, and patients com-
plicated with DM, hypertension, and hyperlipidemia
accounted for 41.43%, 25.71%, and 18.57%, respectively.
Meanwhile, there were 9 patients with circumflex artery-
related infarcts, 33 with anterior descending artery-
related infarcts, and 28 with right coronary artery-related
infarcts. Additional baseline data are specified in Table 1.

Value of low-dose dobutamine stress MCE in detecting
viable myocardium of STEMI patients 72 h after PCI

In our study, PET was utilized for the detection of viable
myocardium, and PET and low-dose dobutamine stress
MCE were conducted at 72 h after PCI, respectively.
According to the PET results, 321 myocardial segments
were collected from the blood supply area of the infarcted
coronary artery, including 205 segments of viable myo-
cardium and 116 segments of non-viable myocardium.
Adverse reactions such as abnormal heart rate, abnormal
blood pressure, chest distress, belching, and dizziness
were not observed during MCE. Myocardial segments
in the blood supply area of the infarcted coronary artery
72 h after PCI were subsequently analyzed with low-dose
dobutamine stress MCE, which revealed 190 segments of
viable myocardium and 131 segments of non-viable myo-
cardium. ROC was further utilized to analyze the value
of low-dose dobutamine stress MCE in the detection of
viable myocardium 72 h after PCI, which showed that
the area under the ROC curve (AUC) was 0.849, with a
sensitivity of 84.39% (173/205) and a specificity of 85.34%
(99/116) (Fig. 1).

Value of low-dose dobutamine stress MCE in evaluating
myocardial microcirculation perfusion of STEMI patients at
72 h and 6 months after PCI

Further, this study analyzed the value of low-dose
dobutamine stress MCE in evaluating myocardial
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Table 1 Baseline data of STEMI patients micro
Item Values
Gender (n, %)

Male 41 (58.57%)
Female 29 (41.43%)
Age (years, mean +SD) 62.5+104
BMI (kg/m?, mean +SD) 2158+134
Smoking history (n, %)
Yes 31 (44.29%)
No 39 (55.71%)

Comorbidities (n, %)
Diabetes mellitus
Hypertension
Hyperlipidemia

Killip class (n, %)
|
Il
Il
TIMI grade (n, %)
0
1
Infarct-related arteries (n, %)
Circumflex artery
Anterior descending
Right coronary artery
CK-MB (ug/mL, mean +SD)
Hs-cTnl (ng/mL, mean+SD)

29 (41.43%)
18 (25.71%)
13 (18.57%)

32 (45.71%)
27 (38.57%)
11 (15.71%)

18 (25.71%)
52 (74.29%)

9 (12.86%)

33 (47.14%)
28 (40.00%)
8.05+1.06
4.39+0.87

Notes STEMI, ST-segment elevation myocardial infarction; SD, standard
deviation; BMI, body mass index; TIMI, thrombolysis in myocardial infarction;
CK-MB, creatine kinase-myocardial band; hs-cTnl, high-sensitivity cardiac
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circulation of STEMI patients after PCL In brief,

321 myocardial segments in the blood supply area of
the infarcted coronary artery into viable myocardium
(=205 segments) and non-viable myocardium (N=116
segments) based on PET findings, and myocardial micro-
circulation perfusion in the basal or stress state (A, 3, and
A x p values) at 72 h and 6 months after PCI was quanti-
fied with MCE. The data showed that the A, B, and Axf3
values of viable myocardium at 6 months after PCI were
notably higher than the values at 72 h after PCI under
either the basal or stress condition (all p<0.05, Fig. 2A-
C). However, there were no remarkable differences in the
A, B, and A x 3 values of non-viable myocardium at 72 h
and 6 months after PCI (all p>0.05, Fig. 2D-F), which
indicated that myocardial microvascular perfusion was
substantially restored at 6 months after PCI compared
with that at 72 h after PCI. Additionally, this study ana-
lyzed microcirculation in different states (basal or stress
state) at 72 h and 6 months after PCI. At 72 h after PCI,
A, B, and A x 3 values of either viable or non-viable myo-
cardium were insignificantly different between the basal
and stress states (all p>0.05, Fig. 2A-F). At 6 months after
PCI, the A and A x5 values of viable myocardium were
greatly higher in the stress state than in the basal state
(p<0.05, Fig. 2A, C), with insignificant differences noted
in B values (p>0.05, Fig. 2B), whilst no obvious differ-
ences were observed in A, 3, and A x 3 values of non-via-
ble myocardium between the stress and basal states (all
p>0.05, Fig. 2D-F). Overall, low-dose dobutamine stress
MCE could more accurately evaluate long-term myocar-

dial microcirculation of STEMI patients after PCL

troponin |
ROC Curve
1.0 ————
R
0.8 /
|
> 0.67 |
2
£ |
2 A“
o 0.4- |
n /
/ AUC=0.849(95%CI:0.802~0.896)
0.2 | Sensitivity%=85.34%
(95%CI1:77.78%~90.64%)
| Specificity%=84.39%
| (95%C1:78.79%~88.72%)
0.0 T T T T
0.0 0.2 0.4 0.6 0.8
1 - Specificity

1.0

Fig. 1 ROC curve of low-dose dobutamine stress MCE for detecting vi-
able myocardium 72 h after PCI. Notes The ROC curve was used to analyze
the value of low-dose dobutamine stress MCE in the detection of viable

myocardium 72 h after PC

Value of low-dose dobutamine stress MCE in evaluating LV
function recovery of STEMI patients 6 months after PCl
Subsequently, we first compared changes in LVEF at
72 h and 6 months after PCI for analyzing LV functional
recovery. The results displayed that LVEF at 6 months
after PCI was substantially higher than that at 72 h after
PCI (p<0.05, Fig. 3A). To assess the value of dobutamine
stress MCE in assessing cardiac function, 70 patients
were classified into DSE-positive (#=39, an increase or
decrease of >0.2 in CSI after the dobutamine stress test)
and DSE-negative (=31, an increase or decrease of <0.2
in CSI after the dobutamine stress test) groups based on
the change in CSI at 6 months after PCIL. It was found
that the DSE-positive group had remarkably higher LVEF
as compared to the DSE-negative group (57.33 +4.25%
vs. 52.69+5.26%) (p <0.05, Fig. 3B). To sum up, low-dose
dobutamine stress MCE could effectively evaluate LV
function recovery in STEMI patients after PCIL
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Predictive value of low-dose dobutamine stress MCE for
long-term prognosis of STEMI patients after PCI

Lastly, to assess long-term prognosis, 70 STEMI patients
were followed up for 3 years, and the occurrence of all-
cause mortality was recorded. Among the patients, 7
and 5 patients were lost to follow-up in the DSE-positive
and DSE-negative groups, respectively. Ultimately, 32
STEMI patients in the DSE-positive group and 26 STEMI
patients in the DSE-negative group were subjected to
the survival analysis. The results of the log-rank analy-
sis demonstrated that long-term survival rates after PCI
in the DSE-positive group prominently increased versus
that in the DSE-negative group (p=0.016, Fig. 4). Con-
clusively, low-dose dobutamine stress MCE could predict
poor long-term prognosis after PCI in STEMI patients.

p<0.001; ns, no significance

Discussion

Although PCI effectively opens infarct-related arter-
ies and recovers TIMI-flow 3 in most STEMI patients,
a small but significant population still shows decreased
myocardial reperfusion in the successful opening of the
obstructed epicardial artery after PCI, which is termed
“no-reflow” [29]. The “no-reflow” phenomenon after PCI
is linked to elevated myocardial damage and unfavorable
prognosis in STEMI patients [30, 31]. Accordingly, it is
of significance to promptly and accurately evaluate post-
PCI myocardial perfusion in STEMI patients. Herein,
this study probed the potential of low-dose dobutamine
stress MCE to evaluate the myocardial perfusion, LV
function, and long-term survival of STEMI patients. The
results unraveled that low-dose dobutamine stress MCE
effectively predicted myocardial perfusion, LV function
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recovery, and adverse long-term prognosis in STEMI
patients after PCL.

MCE can enable visualization of post-AMI myocardial
perfusion abnormalities [32], which has the advantages of
safety, inexpensiveness, and relatively high image resolu-
tion [33]. Additionally, DSE has shown high sensitivity
and specificity in MV assessment [34]. Clinically, MCE
and DSE are extensively used for detecting viable myo-
cardium and therefore MI [10, 35, 36]. DSE has the dis-
advantages of subjective wall motion interpretation and
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image quality dependence [37]. MCE may only evalu-
ate myocardial microcirculation in the resting state,
with a possibility of false positives [28]. Considering the
respective disadvantages of these two techniques, our
study focused on low-dose dobutamine stress MCE. Our
results exhibited that MCE detected 190 segments of
viable myocardium and 131 segments of non-viable myo-
cardium and that low-dose dobutamine stress MCE pos-
sessed a high AUC in detecting viable myocardium 72 h
after PCI with relatively high sensitivity and specificity.

Myocardial microcirculation dysfunction may occur in
the majority of STEMI patients after PCI [38]. A recent
study reported MCE as a safe and effective technique
for the assessment of myocardial microcirculation dys-
function in STEMI patients [13]. Myocardial perfusion
parameters, A, B, and A x [} values, can reflect myocar-
dial blood flow in AMI patients [39, 40]. With the use
of A, B, and Ax[3 values, MCE can accurately evaluate
myocardial microcirculation and myocardial perfusion
in patients with acute STEMI after PCI [39]. A similar
finding was also obtained in our study. Specifically, our
quantitative analysis of MCE demonstrated that the A,
B, and Ax [ values of viable myocardium at 6 months
after PCI were markedly elevated as compared to values
at 72 h after PCI in either the basal or stress state, sup-
porting the promising value of MCE in evaluating post-
PCI myocardial microcirculation of STEMI patients.
Moreover, Liu et al. observed that changes in MBF and
myocardial perfusion scores under low-dose dobutamine
stress MCE were highly accurate in predicting myocar-
dial function recovery in CAD patients following revas-
cularization [41]. The research by Lin et al. also revealed
low-dose dobutamine stress MCE as an effective evalu-
ation method for post-PCI myocardial microcirculation
perfusion in AMI patients [28]. Consistently, our study
indicated low-dose dobutamine stress MCE as a more
accurate technique in evaluating post-PCI myocardial
microcirculation of STEMI patients, as evidenced by
substantially higher A and A x  values of viable myocar-
dium at 6 months after PCI in the stress state than in the
basal state.

LV dysfunction typically occurs in STEMI patients.
LVEF is a marker of LV function, and LVEF can provide
risk stratification and treatment guidance for STEMI
patients [42, 43]. In our study, LVEF was remarkably
elevated at 6 months after PCI compared to that at 72 h
after PCI. CSI during low-dose dobutamine stress MCE
was previously proposed as a semi-quantitative indica-
tor to assess the LV function of AMI patients [28]. In the
current study, patients were arranged into DSE-positive
and DSE-negative groups according to changes in CSI
after the dobutamine stress test. Greatly higher LVEF was
found in the DSE-positive group than in the DSE-nega-
tive group, also illustrating low-dose dobutamine stress
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MCE as an effective evaluation method for LV func-
tion recovery after PCI in STEMI patients. Innovatively,
the included patients in this study were followed up for
3 years to evaluate their long-term prognosis. Further
survival analysis results displayed substantially higher
long-term survival rates of STEMI patients after PCI in
the DSE-positive group than in the DSE-negative group.
In addition, we observed no adverse reactions (abnormal
heart rate and abnormal blood pressure) during low-dose
dobutamine stress MCE.

Conclusively, our results unveiled the safe and effec-
tive evaluation of low-dose dobutamine stress MCE for
myocardial microcirculation perfusion, LV function
recovery, and long-term survival in STEMI patients
after PCI, highlighting its application potential in assess-
ing the long-term prognosis of CAD after PCI. Notably,
this study, for the first time, analyzed the value of low-
dose dobutamine stress MCE in assessing the long-term
prognosis of AMI patients after PCI, providing useful
references for the management of myocardial microcir-
culation and all-cause mortality in AMI patients after
PCI. Of course, limitations existed in this study. First, the
present study was a prospective study with an obvious
small sample size. Accordingly, large-sample multi-center
studies are needed to further validate our findings. Sec-
ond, this study only included patients with single-vessel
CAD. Further research is warranted to excavate the
impact of the extent or size of MI on the recovery of cor-
onary microcirculation. Third, although the semi-quanti-
tative analysis of MCE has been confirmed to assess LV
function in AMI patients, the method is still somewhat
subjective and the results may vary across observers.
Fourth, this study focused only on the evaluation of MCE
for viable myocardium, myocardial microcirculation
perfusion, and LV function and did not explore indica-
tors other than viability indicators that can be provided
by this method. Fifth, viable myocardium does not rep-
resent the absence of ischemia in this segment. There-
fore, the classification of the viable group into ischemic
and nonischemic subgroups may be more accurate in
assessing the value of low-dose dobutamine stress MCE
in assessing post-PCI myocardial microcirculation per-
fusion. Sixth, DSE is hazardous to patients with recent
MI due to their irritable myocardium. As a consequence,
the applicability and safety of DSE still needs to be fur-
ther explored. Seventh, our extensive exclusion criteria
may limit the generalizability of the findings to broader
patient populations.
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