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Abstract To investigate the impact of microvascular
dysfunction assessed by angiography on myocardial
deformation assessed by two-dimensional speckle-tracking
echocardiography in ST-segment elevation myocardial
infarction (STEMI). A total of 121 STEMI patients who
received primary percutaneous coronary intervention were
included. Thrombolysis in myocardial infarction, Myocar-
dial Perfusion Frame Count (TMPFC), a novel angio-
graphic method to assess myocardial perfusion, was used to
evaluate microvascular dysfunction. Two-dimensional
speckle-tracking echocardiography was performed at
3-7 days after reperfusion. The infarction related regional
longitudinal (RLS) strains as well as circumferential (RCS)
and radial (RRS) ones, along with global longitudinal,
circumferential (GCS), and radial (GRS) strains were
measured. Patients with microvascular dysfunction had
decreased peak amplitude of RLS (p = 0.012), RCS (p <
0.001), RRS (p = 0.012) at the regional level and
decreased peak amplitude of GCS (p = 0.005), GRS (p =
0.012) at the global level. The RCS to RLS and RCS to
RRS ratios were significantly different between patients
without than with microvascular dysfunction (1.28 + 0.31
vs. 1.07 £ 047, p = 0.027 and 0.69 % 0.33 vs. 0.56 &+
0.28, p = 0.047). Receiver operator characteristics curves
identified a cutoff value of 94 frames for TMPFC to dif-
ferentiate between normal and abnormal wall motion score
index in the sub-acute phase of STEMI (AUC = 0.72;
p < 0.001). In the sub-acute phase of STEMI, the presence

P< Jun Pu
pujun310@hotmail.com

Department of Cardiology, Renji Hospital, School of
Medicine, Shanghai Jiaotong University, 160 Pujian Road,
Shanghai 200127, China

of microvascular dysfunction in infarcted tissue relates to
reduced global and regional myocardial deformation. RCS
alterations were more significant than RLS and RRS
between patients with than without microvascular dys-
function. TMPFC was useful to predict left ventricular
systolic dysfunction in the sub-acute phase of STEMI.
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Introduction

Microvascular dysfunction (MVD) is a common compli-
cation after reperfusion therapy in patients with ST-seg-
ment elevation myocardial infarction (STEMI), which has
been confirmed to be associated with increased post-pro-
cedural myocardial infarction occurrence, in-hospital
mortality, adverse left ventricular (LV) remodeling and
diminished recovery of LV function [1-5]. Traditional
angiographic methods for assessment of myocardial tissue-
level perfusion were thrombolysis in myocardial infarction
(TIMI) myocardial perfusion grading (TMPG) and
myocardial blush grading (MBG), which were limited by
their subjective and categorical nature [6, 7]. In a previous
study, we developed a novel and objective method named
TIMI Myocardial Perfusion Frame Count (TMPFC), which
measured the filling and clearance of contrast in the myo-
cardium using cine-angiographic frame-counting to quan-
tify myocardial tissue-level perfusion [5]. As a quantitative
index for the assessment of myocardial perfusion, TMPFC
proved to be a useful predictor of clinical prognosis [, 8, 9].
Recent studies have revealed that myocardial deformation
assessed using speckle-tracking echocardiography (STE)
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predicts LV remodeling and has additional prognostic value
in acute myocardial infarction relative to traditional two
dimensional (2D) echocardiography [10, 11]. However, the
relationship between angiographically defined MVD and
STE assessed by LV regional and global myocardial
deformation remains unclear in the sub-acute phase of
STEML.

The objective of the present study was to investigate the
relationship between angiographically defined MVD using
TMPFC and myocardial deformation assessed by STE in
the sub-acute phase of STEMI after reperfusion therapy.

Methods
Study population

Between October 2012 and January 2014, a total of 323
STEMI patients receiving reperfusion therapy were
admitted to our center. STEMI was defined as chest pain of
>30 min duration, and electrocardiographic (ECG) chan-
ges with ST-segment elevation of >2 mm in at least 2
precordial and >1 mm in the limb leads, and abnormal
troponin levels or CK-MB at least twice the upper limit of
normal [12]. After excluding 76 patients with onset-to-PCI
time >12 h, and 77 patients treated with pharmacoinvasive
strategy, the remaining 170 patients received primary
percutaneous coronary intervention (pPCI) strategy. We
further excluded 37 patients aged >75 years, and 22
patients with insufficient echocardiographic or angiography
image quality. Finally, 121 STEMI patients aged
<75 years treated with pPCI were included in the present
analysis (Fig. 1). All patients were treated with standard
therapeutic regimes according to guidelines. Informed
consent was provided by each study subject and the study
protocol was approved by the Institutional Review Board
on Human Research.

Coronary angiography

Coronary angiography was performed using Seldinger
technique via radial or femoral artery. To allow coronary
angiographic assessment, a standard angiography was
acquired immediately after the procedure (either coronary
intervention or solo angiography) for each patient. The
final angiographic imaging after PCI was used to assess
infarction related regional myocardial perfusion.
Angiogram was obtained through a 6F guiding-catheter
after intracoronary injection of 200 pg nitroglycerin to
avoid coronary spasm and to produce maximal or near
maximal coronary dilation without detriment to systemic
hemodynamics [13].Contrast agent was manually injected
(Iopamidol, 5-6 mL), and the sign of backflow into the
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323 STEMI patients receiving reperfusion
therapy during the study period

76 patients with onset-
to-PCl time over 12hrs

247 patients with onset-to-
PCltime within 12hrs

77 patients treated with
pharmacoinvasive strategy

170 patients treated with
PPCI

37 patients > 75 years old

143 patients(<<75 years old)
treated with PPCI

22 patients with insufficient
image quality to perform
speckle tracking or angiographic
assessment

121 patients finally
enrolled in the analysis

Fig. 1 Flow chart of patient enrollment. STEMI, ST-elevation
myocardial infarction; PCI, percutaneous coronary intervention;
pPCI, primary percutaneous coronary intervention

aorta was mandatory as a proof of adequate contrast filling
of the epicardial coronary artery. Projections were carefully
chosen to minimize superimposing of non-infarcted myo-
cardium; therefore, right anterior oblique view with
essential caudal angulations was routinely used for left
culprit artery (left anterior descending artery, LAD or left
circumflex artery, LCX) and posterior—anterior oblique
view with steep cranial angulations was selected for right
coronary artery (RCA). Angiographic run was made long
enough, i.e., until complete washout of myocardial blush in
infarction zone or reaching a maximum of 10 s. Angio-
graphic data were analyzed offline with a computer-based
cardiovascular angiographic analysis system by two inde-
pendent, experienced angiographers. Epicardial coronary
flow was assessed by TIMI flow grade: grade 0, absent
antegrade flow; grade 1, partial contrast penetration,
incomplete distal filling; grade 2, patent with opacification
of the entire distal artery, delayed contrast filling or
washout; and grade 3, patent with normal flow [14].
Myocardial microvascular perfusion was assessed by
TMPFC [5]. TMPFC is a simple quantitative index for
assessing myocardial microvascular perfusion which was
derived by modifying TMPG by the method of frame
counting. The first frame of TMPFC was defined as that
which clearly demonstrated the first appearance of
myocardial blush beyond the infarction related artery (F1).
The last frame of TMPFC was defined as that when con-
trast or myocardial blush disappeared (F2). TMPFC is the
difference between F2 and F1 at filming rate of 30 frames/s
(Fig. 2). In the present study, six patients showed persis-
tence of myocardial blush in the distribution of the culprit
artery, suggesting leakage of contrast medium into the
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Fig. 2 Example of TMPFC measurement. a Occlusion of right
coronary artery (arrow). b First TMPFC frame (frame 24/134, F1):
the frame that clearly demonstrated the first appearance of myocardial
blush. ¢ Myocardial blush peaked in frame 39/134. d Last TMPFC

extravascular space secondary to destruction of the
microcirculation network structure—the most severe form
of microvascular dysfunction [6, 7]. As described previ-
ously and following a similar principle to that used in the
definition of corrected TIMI frame count (CTFC) [15], a
frame count of 306, corresponding to the 99th percentile of
TMPFC encountered in the present study, was assigned to
these patients [5].

In our cardiac magnetic resonance (CMR) study,
TMPEFEC is a more powerful tool for MVD prediction than
TMPG and MBG, the value of 95 frames was the optimal
cutoff point to predict MVD by receiver operator charac-
teristics curve analysis [16]. Therefore, in the present study
TMPFC > 95 frames was defined as angiographic MVD.

Echocardiography

Echocardiography was performed 3-7 days after reperfu-
sion, with a commercially available system (Vivid E9, GE
Vingmed Ultrasound, Horten, Norway). Conventional
parasternal short axis views at basal, middle and apical
levels as well as apical 4-chamber, 2-chamber and
3-chamber views were obtained. All the images were
obtained at a frame rate of 60-90 frames/s. Three con-
secutive cardiac cycles in sinus rhythm were digitally

frame (frame 91/134, F2): the frame in which myocardial blush
disappeared. TMPFC was therefore F2-F1 = 91-24 = 67 frame
counts at a filming rate of 15 frames/s, and 134 (67 x 2) frames at the
corrected filming rate of 30 frames/s

stored for subsequent analysis during breath-hold. Tradi-
tional 2D-echocardiography parameters were measured by
standard methods [17].

By qualitative visual assessment, we divided LV into 18
segments, each attributed a score reflecting: normal (1),
hypokinesia (2), akinesia (3), dyskinesia (4), or aneurismal
(5). Wall-motion score index (WMSI), an index of global
wall motion abnormality, was calculated as a sum of all
scores divided by 18 [18].

For 2D-strain analysis, an 18-segment LV model was
obtained from apical four-, three-, and two-chamber views,
and parasternal short axis views at basal, middle and apical
levels by dedicated automated software (EchoPAC, Version
112; GE Healthcare). Peak systolic strain was defined as the
peak positive or peak negative strain value during systole
(Fig. 3). Global longitudinal strain (GLS), global circumfer-
ential strain (GCS), and global radial strain (GRS) values were
calculated by averaging all segmental peak systolic strain
values in an 18-segment model. Regional longitudinal strain
(RLS), regional circumferential strain (RCS), and regional
radial strain (RRS) were respectively calculated based on the
perfusion territories of the 3 major coronary arteries in a
16-segment LV model [18] by averaging all segmental peak
systolic strain values within each territory. Because the Echo
PAC software produced strain values for 18 segments, we
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Fig. 3 Determination of longitudinal, circumferential, and radial
strain from speckle tracking echocardiography (white arrows mark
the peak systolic strain of this measured segment): Representative

used 18 segments for RLS, RCS and RRS, by dividing the
apical septal and inferior segments into two segments.

Statistical analysis

Summary statistics of continuous data with symmetric
distribution are expressed as mean = standard deviation
(SD), while categorical data are expressed as counts and/or
percentages. Comparisons between the groups were made
using the independent samples ¢ test. Categorical variables
were compared using 3 or Fisher’s exact tests. The cor-
relation between each LV strain parameter and TMPFC
was analyzed by Pearson’s correlation test. Receiver
operator characteristics (ROC) curve analysis was per-
formed on TMPFC to test whether it could differentiate
between normal and abnormal WMSI. To obtain inter- and
intra-observer reproducibility for TMPFC and strain
parameters, two independent observers experienced in
interpreting TMPFC evaluated the raw data from 20 ran-
domly selected cases in a blinded fashion, and another two
independent observers analyzed 2D strain, respectively.
The reliability of the measurements (for both inter-observer
and intra-observer variability) was evaluated by their
reproducibility (intra-class coefficient of correlation, ICC),
with values >0.8 considered excellent.

Statistical tests were considered significant at p < 0.05.
Statistical analyses were performed using SPSS version
17.0 (SPSS, Inc., Chicago, IL) [19]. ROC curve analysis
was done using MedCalc version 9.6.4.0 (MedCalc Soft-
ware, Mariakerke, Belgium).

Results
Baseline characteristics
According to myocardial perfusion assessed by TMPFC,

patients were divided into non-MVD  group
(TMPFC < 95frames) and MVD group (TMPFC > 95
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images of measuring longitudinal strain (a), circumferential strain (b),
and radial strain (c)

frames). In our CMR study, TMPFC = 95 frames was the
optimal cutoff point to predict MVD by ROC analysis [16].
The baseline characteristics of patients between two groups
are shown in Table 1. There was no difference between
non-MVD and MVD groups in age, gender, heart rate,
systolic and diastolic blood pressure, history of hyperten-
sion, hypercholesterolemia, infarction related artery (IRA),
IRA lesion location and multi-vessel disease. MVD group
had a higher proportion of diabetes patients, significantly
longer pain-to-balloon time, higher peak CK-MB level and
a lower proportion of post-PCI TIMI3 grade patients.

Echocardiographic findings and two-dimensional
strains

Patients in MVD group had higher WMSI (1.5 & 0.3 vs.
1.3 £ 0.3, p < 0.001) and lower left ventricular ejection
fraction (LVEF; 50.9 £ 8.9 vs. 56.4 + 8.9 %, p = 0.002)
compared to patients in non-MVD group (Table 2). In 2D-
strain analysis, patients in MVD group had decreased peak
amplitude of RLS (—11.0 £ 5.6 vs. —13.7 £ 5.0 %, p =
0.012), RCS (=11.8 £5.7 vs. =162 56 %, p<
0.001), RRS (23.5 £ 11.3 vs. 30.3 &£ 16.7 %, p = 0.012)
at the regional level and decreased peak amplitude of GCS
(=142 £45 vs. —168 £4.2 %, p=0.005), GRS
(27.5 £9.9 vs. 33.7 £ 157 %, p = 0.012) at the global
level, compared to patients in non-MVD group. However,
GLS was not significantly different between two groups
(=134 £ 49 vs. —149 £ 4.2 %, p = 0.116; Table 2).

Relationship between MVD and infarction related
regional strain and global strain

A ratio of circumferential to longitudinal strain and cir-
cumferential to radial strain was calculated and related to
myocardial reperfusion levels by TMPFC (Table 3). The
RCS to RLS ratio was significantly different between
patients without MVD and patients with MVD
(1.28 £ 0.31 vs. 1.07 & 0.47, p = 0.027). Because the
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CTI;"a";Lectleni‘l‘C“:]:I‘; Calrl:;li?;raphic TMPFC < 95 (n = 42) TMPFC > 95 (n = 79) p value

data Age (years) 59+9 57+9 0.501
Male, n(%) 35(83 %) 68(86 %) 0.687
Pain to balloon time (h) 51+£22 6.3 £ 3.3 0.032
HR (bpm) 81 £ 13 78 £ 12 0.145
SBP (mmHg) 125 + 22 119 + 21 0.113
DBP (mmHg) 78 £ 10 74 £ 12 0.149
Hypertension, n(%) 27(64 %) 40(51 %) 0.150
Diabetes, n(%) 921 %) 32(41 %) 0.035
Hyperlipidemia, n(%) 26(62 %) 44(56 %) 0.510
History of smoking, n(%) 27(64 %) 60(76 %) 0.174
Peak CKMB level (U/L) 305.5 £ 200.0 384.8 & 206.1 0.044
Multi-vessel disease n(%) 21(50 %) 41(52 %) 0.842
Culprit lesion LAD, n(%) 27(64 %) 43(54 %) 0.296
Culprit lesion LCX, n(%) 717 %) 12(15 %) 0.832
Culprit lesion RCA, n(%) 8(19 %) 24(30 %) 0.178
Proximal lesion, n (%) 27(64 %) 50(63 %) 0.914
Middle lesion, n(%) 14(33 %) 26(33 %) 0.963
Distal lesion, n(%) 12 %) 3(4 %) 1.000*
Post-PCI TIMI 111, n(%) 3993 %) 61(77 %) 0.031

TMPFC, TIMI Myocardial Perfusion Frame Count; HR, heart rate; SBP, systolic blood pressure; DBP,
diastolic blood pressure; CKMB, creatine kinase-MB; LAD, left anterior descending; LCX, left circumflex
artery; RCA, right coronary artery; PCI, percutaneous coronary intervention; TIMI, thrombolysis in

myocardial infarction

* Fisher’s exact test

Table 2 Left ventricular

systolic function between TMPFC < 95 (n = 42) TMPFC > 95 (n = 79) p value
different myocardial reperfusion LVEF (%) 56.4 + 8.9 509 + 8.9 0.002
fevels WMSI 13403 15403 <0.001
RLS (%) —13.7+£5.0 —11.0 £ 5.6 0.012
RCS (%) —162 £ 5.6 —-11.8 £ 5.7 <0.001
RRS (%) 30.3 £ 16.7 235+ 11.3 0.012
GLS (%) —149 £ 42 —134+49 0.116
GCS (%) —16.8 £ 4.2 —142 + 45 0.005
GRS (%) 337 £ 157 27.5+99 0.012

TMPFC, TIMI Myocardial Perfusion Frame Count; LVEF, left ventricular ejection fraction; WMSI, wall
motion score index; RLS, regional longitudinal strain; RCS, regional circumferential strain; RRS, regional
radial strain; GLS, global longitudinal strain; GCS, global circumferential strain; GRS, global radial strain

peak amplitudes of RCS and RLS were both decreased in
patients with MVD, the different RCS to RLS ratios can be
explained by a more significant alteration of RCS than RLS
between patients without than with MVD. The different
RCS to RRS ratios also demonstrated that RCS alterations
were more significant than RRS between patients with-
out and with MVD (0.69 £ 0.33 vs. 0.56 &+ 0.28,
p = 0.047).

Correlation of TMPFC with two-dimensional
strains, WMSI and LVEF

As shown in Fig. 4, the RLS (r = —0.24, p = 0.011), RCS
(r = —0.40, p <0.001), RRS (r= —-0.35, p <0.001),
GCS (r=-0.38, p<0.001) and GRS (r= —0.34,
p < 0.001) were significantly correlated with the TMPFC.
TMPFC was positively correlated with WMSI (r = 0.36,
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Table 3 Circumferential to

longitudinal strain ratio and TMPEC < 95 (n = 42) TMPEC > 95 (n = 79) p value

circumferential to radial strain RCS/RLS 128 + 031 1.07 4+ 0.47 0.027

ratio between different

myocardial reperfusion levels RCS/RRS 0.69 + 0.33 0.56 + 0.28 0.047
GCS/GLS 120 + 0.24 1.08 + 0.27 0.035
GCS/GRS 0.64 + 0.27 0.54 + 0.17 0.041

TMPFC, TIMI Myocardial Perfusion Frame Count; RCS, regional circumferential strain; RLS, regional
longitudinal strain; RRS, regional radial strain; GCS, global circumferential strain; GLS, global longitu-
dinal strain; GRS, global radial strain

p <0.001, Fig. 5a), and negatively correlated with
LVEF(r = —0.31, p = 0.001, Fig. 5b).

Prognostic value of TMPFC on abnormal LV wall
motion

To evaluate the ability of TMPFC to differentiate between
normal and abnormal WMSI,receiver operator characteris-
tics(ROC) curve analysis was performed. Normal WMSI
(WMSI = 1) was obtained in 13 patients in sub-acute phase
of STEMI in the present study. ROC curves identified a
cutoff value of 94 frames for TMPFC to differentiate
between normal and abnormal WMSI in sub-acute phase of
STEMI, with sensitivity of 69 % and specificity of 69 %
(area under the curve, AUC = 0.72; p < 0.001; Fig. 6).

Inter- and intra-observer variability

Excellent inter-observer and intra-observer agreements for
TMPFC were achieved with the corresponding intraclass
coefficients (ICC) as follows: Inter-observer ICC = 0.97
(95 % CI 0.93-0.99) and intra-observer ICC = 0.98 (95 %
CI 0.96-0.99).

RLS, RCS, RRS were sufficiently reproducible to be
integrated in the reliability analysis. The inter-observer
and intra-observer ICC for RLS were 0.92 (95 % CI
0.82-0.97) and 0.95 (95 % CI 0.88-0.98), respectively,
while those for RCS were 0.93 (95 % CI 0.84-0.97) and
0.98 (95 % CI 0.96-0.99), and those for RRS were 0.97
(95 % CI 0.92-0.99) and 0.99 (95 % CI 0.97-0.99),
respectively.

Fig. 4 Linear correlation 30 r=-0.18
between myocardial strain and A " p =0.053
TMPFC. RLS, regional ® 20 LA A i
longitudinal strain; RCS, .
: . . . » 10 4
regional circumferential strain; 3
RRS, regional radial strain; & 0 0 A A
GLS, global longitudinal strain;
GCS, global circumferential -10+ T T T ) -10 T T T )
strain; GRS, global radial strain; 0 100 200 300 400 0 100 200 300 400
TMPFC, TIMI Myocardial TMPFC, frames TMPFC, frames
Perfusion Frame Count
40 r=-0.40 40 r=-0.38
p <0.001 <0.001
R 30 X 30 P
'\ 20 s
8 8 20 AA
10
~ &) 10 A
0 0
'10 T T T T 1 -10 T T T T 1
0 100 200 300 400 0 100 200 300 400
TMPFC, frames TMPFC, frames
100 r=-0.35 100 r=-0.34
- A p <0.001 . 80 A p <0.001
X X A
. 60 ~ 60
£ 40 % 40| Ak A
~ &)
20 20
0 T T T T 1 0 T T T T 1
0 100 200 300 400 0 100 200 300 400
TMPFC, frames TMPFC, frames
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Fig. 5 Linear correlation between TMPFC and WMSI (a), and
between TMPFC and LVEF (b). TMPFC, TIMI Myocardial Perfusion
Frame Count; WMSI, wall motion score index; LVEF, left ventricular
ejection fraction
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Fig. 6 TMPFC ROC curve for normal versus abnormal WMSI.
WMSI, wall motion score index; TMPFC, TIMI Myocardial Perfu-
sion Frame Count; AUC, area under the curve

Discussion

The key conclusions of this study can be formulated as
follows: (1) the presence of MVD in infarcted tissue relates
to reduced global and regional myocardial deformation; (2)

RCS alterations were more significant than RLS and RRS
between patients with than without MVD; and (3) TMPFC
was a useful method to predict LV systolic dysfunction in
sub-acute phase of STEMI after PCIL.

Despite improvement in reperfusion strategies, patients
who experience MVD following STEMI are known to
exhibit a higher prevalence of early post-infarction com-
plications, adverse left ventricular remodeling, recurrent
hospitalizations, heart failure and mortality [3-5, 20]. In
the present study, restoration of myocardial perfusion was
assessed angiographically by TMPFC, which measures the
filling and clearance of contrast in the myocardium using
cine-angiographic frame-counting to quantify myocardial
tissue-level perfusion. TMPFC allows quantification of
TMPG, and can accurately predict the outcomes in STEMI
patients undergoing reperfusion therapy [5, 8, 9]. In our
CMR study, TMPFC is a more powerful tool for MVD
prediction than TMPG and MBG; the value of 95.5 frames
was the optimal cutoff point to predict MVD [13] and we
therefore selected TMPFC > 95 frames to define angio-
graphic MVD. In the present study, MVD group had a
higher proportion of diabetes patients, significantly longer
pain to balloon time, higher peak CK-MB level and fewer
post-PCI TIMI3 grade patients, which was consistent with
previous studies [5-8].

2D strain imaging is a new technique that uses stan-
dard B-mode images for speckle tracking. Strain analysis
has also been shown to be a useful tool in evaluating
regional ventricular function, infarct size, myocardial
viability, and recovery after medical or mechanical
reperfusion, as well as the subtle changes related to
myocardial ischemia in patients with acute myocardial
infarction (AMI) [21-24]. However, most of these studies
focused on longitudinal strain (LS) [10, 11, 21, 23, 24]. In
this study, we analyzed both three infarction related
regional strains and three global strains, and compared
WMSI, LVEF and each strain, which were LV systolic
function parameters, with early myocardial perfusion. The
results of the present study showed that patients in MVD
group had higher WMSI, lower LVEF, lower peak
amplitude of infarction related regional strains and global
strains in sub- acute phase of STEMI. These six strain
parameters correlated with TMPFC. The latter finding
confirmed the concept that myocardial perfusion level was
an important factor that influences post-infarction LV
function. However, there was not an established cutoff
value of TMPFC that could differentiate between normal
and abnormal myocardial contraction. In the present
study, there were 13 patients with normal visual WMSI
(WMSI = 1). We proposed an optimal threshold value of
94 frames for TMPFC to predict LV systolic dysfunction
(WMSI > 1) in sub-acute phase of STEMI, which is close
to the value of 95.5 frames, the optimal cutoff point to
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predict MVD in our CMR study [16]. The threshold
might help cardiologists to evaluate early on which
patients will suffer LV systolic dysfunction and choose
optimal therapy strategy.

We identified that RCS alterations were more significant
than RLS in patients with MVD in the present study.
Myocardial fibers are mostly oriented longitudinally in
subendocardial layers, circumferentially in mid-layers, and
radially in subepicardial layers [25]. The myocardial
necrosis in AMI progresses from subendocardial layers to
subepicardial layers. Subendocardial layers are more sus-
ceptible to ischemia [26]. In the early phase, LS was mostly
responsible for the segmental dysfunction, but after its
partial recovery, in the sub-acute phase, the function of
stunned myocardium in mid and subepicardial layers
recovered earlier than subendocardial layers which have
more unviable myocardium [27]. Segments with functional
recovery demonstrated similar LS but higher circumfer-
ential strain (CS) compared with non-improving segments
[25], which might explain by the fact that patients in non-
MVD group had more functional recovery segments than
those in MVD group, resulting in more significant CS than
LS alterations. A recent study by Chan et al. [28] confirmed
the utility of assessing myocardial deformation hetero-
geneity in the detection of ischemia. RS was reduced in
transmural infarct segments and relatively preserved
in subendocardial infarct segments, CS was decreased in
transmural as compared with subendocardial infarcts and
normal myocardium, whereas LS was reduced in all
infarcts irrespective of their extent. Our results suggest that
function of stunned myocardium in mid-layers recovered
earlier than that in endocardial layers in the early healing
phase of acute myocardial infarction.

Study limitations

Several limitations of the current analysis deserve to be
mentioned. First, because of the relatively small patient
sample, only surrogate but not clinical endpoints were
analyzed. Second, as a novel echocardiographic modality
for quantitative evaluation of myocardial motion and
contractility, the normal values for STE-derived strain have
not been defined yet, and there are no established cut-off
values that could differentiate between normal and abnor-
mal myocardial contraction. Thus, we could not work out
the cut-off for TMPFC based on a ROC analysis with strain
parameters. Third, cardiac output and systemic vascular
resistance which might influence microvascular perfusion
were not available from our study database, and we will
further investigate these potential influencing factors in a
larger population in the future.
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Conclusions

In the sub-acute phase of STEMI, the presence of MVD in
infarcted tissue relates to reduced global and regional
myocardial deformation. TMPFC may be useful to predict
LV systolic dysfunction in the sub-acute phase of STEMI.
RCS alterations were more significant than RLS and RRS
between patients with or without MVD, which might
indicate that the function of stunned myocardium in mid-
layers recovered earlier than that in endocardial layers in
the early healing phase of acute myocardial infarction.
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