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Abstract. – OBJECTIVE: To explore the effect of 
spontaneous reperfusion (SR) on three-dimen-
sional myocardial strain in patients with acute an-
terior myocardial infarction by three-dimensional 
speckle tracking imaging (3D-STI) technology.

PATIENTS AND METHODS: Patients diag-
nosed with acute anterior myocardial infarction 
during 2013 to 2016 were consecutively selected 
and divided into SR group and non-spontaneous 
reperfusion (Non-SR) group based on whether 
there was SR. Patients in both groups received di-
rect percutaneous coronary intervention (PCI) in 
time window. Baseline information, patency rates 
of culprit vessel, durations of operation, intraoper-
ative non-reflow phenomenon ratios, and throm-
bolysis in myocardial infarction (TIMI) blood flows 
after reperfusion of patients in each group were 
recorded. Hospital stays of patients were com-
pared between the two groups. Before discharge, 
left ventricular ejection fraction (LVEF) and left 
ventricular end-diastolic diameter (LVEDd) were 
measured. Global longitudinal strain (GLS), global 
radial strain (GRS), and global circumferential 
strain (GCS) of left ventricular (LV) were also de-
tected by 3D-STI, so as to assess movement situa-
tions of ventricular wall and cardiac muscle in oc-
clusive blood vessel distribution area. LVEF, 
LVEDd and various 3D-STI parameters were reex-
amined and compared one year after discharge. 

RESULTS: There were no significant differenc-
es between the Non-SR group and the SR group 
regarding the patency rate of culprit vessel, dura-
tion of operation, intraoperative non-reflow phe-
nomenon ratio, TIMI blood flow after reperfusion, 
and LVEDd (p>0.05). Both LVEF before discharge 
and LV three-dimensional strain indexes of the SR 
group, were clearly higher than those of the Non-
SR group (p<0.05). After one-year follow-up, the 
SR group had a remarkably lower LVEDd than the 

Non-SR group (p<0.05). LVEF of the SR group was 
overtly higher than that of the Non-SR group 
(p<0.05). LV three-dimensional strain indexes 
were also distinctly higher in the SR group than in 
the Non-SR group (p<0.05). There were good cor-
relations between GLS, GRS, GCS and LVEF (r val-
ues were -0.620, -0.674 and 0.723, respectively). 

CONCLUSIONS: SR can improve nosocomial 
and long-term LV remodeling in patients with acute 
anterior myocardial infarction, and 3D-STI is able 
to assess ventricular remodeling after myocardial 
infarction.
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Introduction

After acute myocardial infarction treatment 
enters into the direct percutaneous coronary in-
tervention (PCI) era, obtaining myocardial reper-
fusion as soon as possible is still an important 
goal. Myocardial reperfusion methods are divided 
into spontaneous reperfusion (SR) and non-spon-
taneous reperfusion (Non-SR) (i.e., reperfused 
via direct PCI) according to different clinical re-
alities. Among them, SR can make myocardium 
earlier to be reperfused because SR of occlusive 
blood vessels is achieved prior to PCI, getting a 
slim chance of survival1. Compared with that of 
patients needing PCI for reperfusion, there is still 
no final conclusion on whether SR can improve 
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the ventricular remodeling2,3. In this study, clin-
ical data of patients, who were diagnosed with 
acute anterior ST-segment elevation myocardial 
infarction in Nanjing Hospital and Sir Run Run 
Hospital of Nanjing Medical University from 
2013 to 2016, were retrospectively analyzed. 
Three-dimensional speckle tracking imaging 
(3D-STI) technique was used as the evaluation 
mean to investigate the influence of SR on left 
ventricular (LV) myocardial remodeling.

Patients and Methods

Participants and grouping 
Patients admitted to hospitals from January 

2013 to April 2016 due to acute anterior ST-seg-
ment elevation myocardial infarction were con-
tinuously selected. The diagnostic criteria com-
plied with the definition of myocardial infarction 
in 2012 European Society of Cardiology (ESC) 
Guidelines for diagnosis and treatment of acute 
myocardial infarction4. This study was approved 
by the Ethics Committee of Sir Run Run Hospital 
and Nanjing Hospital. Signed written informed 
consents were obtained from all participants be-
fore the study. SR diagnosis was in line with Fefer 
et al5: emergency radiographies showed that in-
farction-related arteries were in open state5, and 
reached grade 2 to 3 of thrombolysis in myocar-
dial infarction (TIMI) clinical trial blood flow6. 
This phenomenon was called SR of infarction-re-
lated arteries. A total of 128 patients with acute 
anterior ST-segment elevation myocardial infarc-
tion was included and divided into SR group and 
Non-SR group based on whether there was spon-
taneous recanalization. 

Study methods
Demographic information and clinical base-

line data of patients in each group since admis-
sion were recorded. Specific variables included 
age, gender constituent ratio, duration of chest 
pain, presence of chest pain, Killip classification, 
history of sublingual nitroglycerin taking, history 
of smoking, history of aspirin taking and history 
of hyperlipidemia.

Observation indicators
The following observation indicators were 

recorded for analysis: patency rate of culprit ves-
sel, duration of operation (the study group de-
fined the duration of operation as the period from 

the entering of heparin to the end of the last im-
aging), intraoperative non-reflow phenomenon 
ratio, TIMI blood flow after reperfusion of the 
two groups during the hospitalization, recorded 
hospital stay, as well as left ventricular ejection 
fraction (LVEF) and left ventricular end diastolic 
diameter (LVEDd) before discharge. Color Dop-
pler ultrasound diagnostic apparatus (Toshiba 
Artida SSH-880CV, Tokyo, Japan) was applied, 
equipped with three-dimensional online analysis 
software. Subjects took left lateral position, with 
eupnea, to simultaneously record electrocardio-
grams. Probe was selected and used to conduct 
two-dimensional echocardiogram examina-
tion and file LVEF and LVEDd. The probe was 
switched for three-dimensional data acquisition: 
electrocardiogram gain was adjusted to display 
distinct electrocardiogram, apical four-cham-
ber view was taken, left ventricular (LV) con-
tour was displayed clearly, and “Pre-4D” button 
was pressed to synchronously display apical 
four-chamber view and apical two-chamber view 
with double-image. After the endocardium was 
displayed vividly, “Full-4D” button was pressed 
to start the three-dimensional data acquisition 
program that acquired three-dimensional image 
data through electrocardiogram trigger, with an 
acquisition speed of about 20 frames per second. 
The following three-dimensional parameters 
were analyzed: LV global longitudinal strain 
(GLS), global radial strain (GRS) and global 
circumferential strain (GCS) (Figure 1-2). For 
outpatient return visit one year after discharge, 
Color Doppler Ultrasound diagnostic apparatus 
(Toshiba Artida SSH-880CV, Tokyo, Japan) was 
utilized to detect LVEFs and LVEDds of patients 
in the two groups. The methods described above 
were applied to re-measure all 3D-STI param-
eters. Analyses regarding correlations of LVEF 
with GLS, GRS and GCS data were also per-
formed, respectively.

Statistical Analysis
All data were statistically analyzed via Stata 

SE12.0 statistical software. Categorical variables 
were expressed as frequency plus composition 
ratio. The x2-test and Fisher exact test were used 
to compare categorical variables between the two 
groups. Continuous variables were presented as 
mean ± standard deviation. The proportion was 
shown as %. Paired-samples t-test was employed 
for continuous variables between the two groups. 
p<0.05 suggested that the difference was statisti-
cally significant.
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Figure 1. LV GCS of the SR group. 

Figure 2. LV GCS of the Non-SR group.
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Results

Clinical baseline data of patients 
in the two groups

There were no significant differences in baseline 
data between the two groups (p>0.05) (Table I).

Comparisons of nosocomial 
information between the SR group 
and the Non-SR group

Comparisons of data, such as the patency rate 
of culprit vessel, duration of operation, intraoper-
ative non-reflow phenomenon ratio, TIMI blood 
flow after reperfusion of the two groups during 
the hospitalization, recorded hospital stay, LVEF 
and LVEDd before discharge, were performed; all 
3D-STI parameters were measured via 3D-STI 
(Figures 1-2). The results showed that there was no 
significant difference between the two groups in 
LVEDd before discharge. LVEF of the SR group 
was remarkably higher than that of the Non-SR 
group (p<0.05), while LVEDd of the SR group 
was significantly lower than that of the Non-SR 
group (p<0.05). GLS, GRS and GCS were higher 
in the SR group than those in the Non-SR group. 
Other indexes between the two groups showed no 
significant differences (p>0.05) (Table II).

Comparisons of three-dimensional 
strain rates and echocardiography 
indicators in the reexamination after 
one year

Patients in the two groups received reexamina-
tions one year after discharge, of which one pa-
tient in the SR group refused the reexamination, 
and 5 patients in the Non-SR group got lost during 
the follow-up period. Comparisons of LVEF and 
LVEDd discovered that the SR group had signifi-
cantly higher LVEF (p<0.05) and clearly low-
er LVEDd (p<0.05) compared with the Non-SR 
group. GLS, GRS and GCS were overtly higher 
in the SR group than those in the Non-SR group. 
LVEF had good correlations with GLS, GRS, and 
GCS, and p-values were -0.620, -0.674 and 0.723, 
respectively (Table III).

Discussion

After the occurrence of acute myocardial in-
farction, sudden ischemia leads to loss of myocar-
dial perfusion. The process of myocardial remod-
eling starts at this moment, and the remodeling has 
continuous extension due to the stimulation from 
cytokine and neurohumour, which will affect the 

Table I. Comparisons of baseline data between the SR and Non-SR groups.

 	 SR (n=27)	 Non-SR (n=101)	 p-value

Male ratio (n, %)	 22 (81.5%)	 83(82.9%)	 >0.05
Duration of chest pain (h)	 6.9±0.9	 7.2±1.8	 >0.05
Presence of chest pain (n, %)	 27 (100%)	 98 (92.7%)	 >0.05
History of sublingual nitroglycerin taking (n, %)	 5 (18.5%)	 17 (17.1%)	 >0.05
History of smoking (n, %)	 9 (33.3%)	 44 (43.9%)	 >0.05
History of aspirin taking (n, %)	 4 (14.8%)	 17 (17.1%)	 >0.05
History of diabetes mellitus (n, %)	 6 (22.2%)	 22 (21.9%)	 >0.05
History of hypertension (n, %)	 13 (48.2%)	 54 (53.7%)	 >0.05
History of hyperlipidemia (n, %)	 6 (22.2%)	 25 (24.7%)	 >0.05

Table II. Comparisons of nosocomial information between the SR group and the Non-SR group.

 	 SR (n=27)	 Non-SR (n=101)	 p-value

Patency rate of culprit vessel (n, %)	 27 (100%) 	 101 (100%)	 >0.05
Duration of operation (min)	 59.2±0.8	 63.4±0.9	 >0.05
Intraoperative non-reflow phenomenon ratio (n, %)	 7 (25.9%)	 28 (27.7%)	 >0.05
TIMI blood flow after reperfusion (n)	 2.5±0.72	 2.6±0.86 	 >0.05
Hospital stay (d) 	 6.4±0.9	 6.9±0.6	 >0.05
LVEF before discharge (%)	 52.1±2.3	 42.6±1.6	 <0.05
LVEDd (mm)	 44.2±2.7 	 46.4±5.1	 >0.05
GLS (%)	 -19.42±4.3	 -12.44±3.2	 <0.05
GCS (%)	 -23.54±3.9	 -15.26±3.6	 <0.05
GRS (%)	 30.82±3.8	 22.23±4.2	 <0.05
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movement of the ventricular wall and result in 
changes in ventricular cavity diameter and other 
anatomic forms7-9. How to relieve the remodeling 
after myocardial infarction has been a clinically 
tough problem. SR achieves autologous revascu-
larization in the most severe ischemic period. Al-
though there is still residual stenosis, the residu-
al blood stream plays critical parts in improving 
myocardial ischemia and restoring myocardial me-
tabolism. Factors related to SR are unclear, and it 
has been recently suggested that O-type blood may 
be more likely to have SR10. However, there is still 
no definite conclusion about whether SR is helpful 
for the myocardial remodeling after infarction11-13. 
This study divided patients with acute myocardial 
infarction received PCI in the time window into 
two groups according to whether there was SR. 
We aimed to compare whether patients with myo-
cardial infarction gained benefits from SR in addi-
tion to timely PCI perfused culprit vessels and to 
further observe the effect of SR on myocardial re-
modeling and clinical prognosis. The comparison 
showed that SR had a positive effect on myocardial 
remodeling. LVEFs and LVEDd before discharge 
and after one year were significantly improved. 
Meanwhile, GLS, GRS and GCS reflecting myo-
cardial strain capacity, were overtly higher in the 
SR group than those in the Non-SR group, and 
there were good correlations between GLS, GRS, 
GCS and LVEF. It was suggested that 3D-STI 
could effectively evaluate movements of the ven-
tricular wall and myocardium in patients with 
myocardial infarction. Compared with convention-
al two-dimensional ultrasound, 3D-STI technique 
is effective for evaluating LV regional systolic 
function after acute myocardial infarction14,15. The 
technique tracks the motion and relative motion of 
ultrasound speckles in the cardiac muscle tissue 
frame by frame, to accurately evaluate the motion 
state of the myocardium. After acute myocardial 
infarction, infarction location has weakened myo-
cardial segmental motion, and the myocardium 
in this location will have deformation, with low, 
disappeared or reverse speed16,17. Conventional 
two-dimensional color ultrasound short-axis con-

tractive movement receives limited information 
in the stage of image collection and analysis. An 
advantage of the three-dimensional strain is that 
it tracks two-dimensional objects along the direc-
tion of the motion of the chamber wall, rather than 
along the ultrasonic beam. Another advantage is 
that three-dimensional strain technique can col-
lect more comprehensive information. Therefore, 
three-dimensional strain echocardiography can 
more accurately reflect myocardial contraction and 
diastolic functions. 

Conclusions

3D-STI could effectively evaluate the effect 
of SR on myocardium of acute myocardial in-
farction. The technology is simple and noninva-
sive, and has limited requirements to patients, 
with short sampling and treatment time, and thus 
it may be an auxiliary diagnostic tool effective-
ly evaluating the effects of drugs and operations 
for patients with myocardial infarction, having a 
broad prospect of application.
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