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Abstract: Objective: To evaluate the left ventricular function in patients with heart failure (HF) after myocardial
infarction (MI) by real-time three-dimensional transesophageal echocardiography (RT-3D-TEE) and explore its cor-
relation with serum cTnl and H-FABP levels. Methods: The data of 60 HF patients after Ml from March 2019 to Janu-
ary 2021 were analyzed retrospectively and included in the research group. According to cardiac function grades,
they were assigned to group A (20 cases), group B (20 cases), and group C (20 cases). During the same period, 50
healthy patients were included in the control group. The left atrial diameter (LAD), interventricular septum thickness
(IVST), left ventricular posterior wall thickness (LVPWT), left ventricular end-systolic volume (LVESV), left ventricular
end-diastolic volume (LVEDV), left ventricular stroke volume (LVSV), and left ventricular ejection fraction (LVEF) of
participants were recorded and compared in the four groups. The serum levels H-FABP and cTnl were tested by
ELISA. Results: HF patients had poorer left heart structure and lower function and higher serum H-FABP and cTnl
levels, as compared to the subjects in control group. Correlation analysis indicated that the cardiac function grade
was positively correlated with LVEDV, LVESV, H-FABP, and cTnl, but negatively correlated with LVEF. The serum H-
FABP and cTnl levels of HF patients were positively correlated with LVEDV and LVESV, but negatively correlated with
LVEF. Logistic regression analysis revealed that cTnl and H-FABP were risk factors for HF, and LVEF was a protective
factor for HF. Conclusion: Serum H-FABP and cTnl levels in HF patients are correlated with left ventricular function
parameters, which presents a close relation to HF. RT-3D-TEE combined with the detection of serum H-FABP and
cTnl yields important clinical significance for early diagnosis of HF.
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a serious threat to the life and health of the
elderly [4]. Therefore, evaluation of cardiac
function, early detection of the changes in left

Introduction

Myocardial infarction (MI) refers to myocardial

necrosis caused by coronary artery occlusion,
insufficient blood supply, or continuous isch-
emia and hypoxia. Patients are usually accom-
panied with progressive electrocardiogram
(ECG) change and increased serum myocardial
enzyme activity, which may lead to serious
complications and take a toll on patients’ safe-
ty [1, 2]. As one of the major complications of
MI, heart failure (HF) mainly refers to left heart
failure, which invariably results in a somber
prognosis and even death in Ml patients [3]. In
recent years, due to the aging of the population
and the changes in living habits, the incidence
of HF has been rising continuously, which poses

heart function, and timely symptomatic treat-
ment are the keys to the prevention and treat-
ment of patients with HF after MI.

In recent years, clinical imaging plays a vital
role in evaluating the grade and severity of
cardiovascular diseases [5]. Real-time three-
dimensional transesophageal echocardiogra-
phy (RT-3D-TEE) is a breakthrough in the field of
ultrasonic diagnosis, and its application in clini-
cal cardiac function evaluation has gradually
expanded in recent years [6]. This technique
can display the lesion site and adjacent struc-
ture stereoscopically, clearly, and intuitively on
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the basis of observing the three-dimensional
shape and spatial orientation of the heart and
great vessels [7]. However, its application in
assessing left ventricular function in patients
with HF after Ml remains one of the most press-
ing clinical issues to be addressed.

Cardiac troponin | (cTnl) exists specifically in
myocardial cells and is considered as a specific
marker protein of Ml [8]. Heart-type fatty acid-
binding protein (H-FABP) is a soluble protein.
When myocardial cells suffer from ischemia
and hypoxia, the level of H-FABP increases rap-
idly, and it can be released from the ventricle to
plasma because of its small molecular weight.
Therefore, the change of serum H-FABP level
can reflect the degree of impaired cardiac func-
tion [9]. In recent years, the role of ¢Inl and
H-FABP in the diagnosis of Ml has also attract-
ed much attention.

Based on this, we designed a controlled trial to
test the left ventricular function of the subjects
by RT-3D-TEE. Consequently, the application
effect of echocardiography was compared and
evaluated through the detection results, and
the correlation between serum cTnl, H-FABP
levels, and left ventricular function parameters
was observed, to provide a more scientific
basis for the prevention and treatment of
patients with HF after MlI.

Methods
Clinical data

The data of 60 patients with HF after Ml from
March 2019 to January 2021 were analyzed
retrospectively, and they were included in the
research group. According to cardiac function
grade, they were assigned to group A (cardiac
function grade 1l, 20 cases), group B (cardiac
function grade lll, 20 cases), and group C (car-
diac function grade 1V, 20 cases). During the
same period, 50 healthy patients were select-
ed as the control group.

Inclusion criteria: @ Patients included in the
study met the diagnostic criteria for Ml and HF
by the World Health Orgnization (WHO) [10]; @
The patients were diagnosed with Ml by coro-
nary angiography; 3 The patients whose family
members were informed of the study and
signed an informed consent form.
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Exclusion criteria: O Patients with malignant
tumors; (@) Patients with incomplete case data;
(3 Patients whose HF was not induced by Ml;
@ Patients with severe liver and kidney dys-
function.

This research has been ratified by the Ethics
Committee of Cangzhou Central Hospital (App-
roval no.: 2019-275-03). All sample collection
and data investigation were carried out after
having obtained the informed consent and sig-
nature of patients and their families, which was
in line with the Declaration of Helsinki of the
World Medical Association. Clinical trial regis-
tration: This study had been registered with
the registration No. of ChiCTR2017109 (URL:
http://www.chictr.org.cn/showproj.aspx?proj=
2018XE057-3).

Instruments and methods

Transthoracic and transesophageal ultrasound
devices included Philips EElite, S5-1 2.0-7.0
MHz, X7-2T2-7 MHz, QLab analysis software.
The left ventricular systolic and diastolic func-
tions were assessed by transthoracic echocar-
diography. After examination, the tissue
Doppler mode was adopted at the apical four-
chamber view, and TDI examination was con-
ducted to obtain images of five consecutive
cardiac cycles. Left ventricular ejection fraction
(LVEF) and indexes reflecting left heart function
were tested by single cardiac cycle RT-3D-TEE.

Outcome measures

(1) The left ventricular structural parameters of
the participants were recorded and compared
among the four groups, including left atrial
diameter (LAD), interventricular septum thick-
ness (IVST), and left ventricular posterior wall
thickness (LVPWT).

(2) In the four groups, the left ventricular func-
tion parameters were recorded and compared,
including left ventricular stroke volume (LVSV),
left ventricular end-diastolic volume (LVEDV),
left ventricular end-systolic volume (LVESV),
LVEF, etc.

Detection of serum indexes

The levels of serum H-FABP and cTnl were de-
tected. The fasting elbow vein peripheral blood
(4 mL) was drawn in the early morning of the
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Table 1. Baseline data Results

Research Control

Factors group n=60  group n=50 /X2 P Comparison of baseline data
Gender 0.031  0.860 There was no obvious difference in gen-
Male 35(58.33)  30(60.00) der, age, BMI, and smoking history
Female 25 (41.67) 20 (40.00) between the two groups (all P>0.05),
Age (yearsold) 65.96+4.33 66.03+5.38 0.076 0.940 indicating that the two groups were
BMI (kg/m?) 23.11+1.14 23.12+1.16 0.0.45 0.964 comparable. However, research group
Drinking history 0.001 0.972 garnered superior triglyceride (TG) and
Yes 31(51.67) 26 (52.00) total cholesterol (TC) outcome as com-
No 29(48.33) 24 (48.00) pared to control group (Table 1).
Smoking history 0.020 0.888 Comparison of the left ventricular struc-
Yes 26 (43.33) 21(42.00) tural changes of subjects
No 34 (56.67) 29 (58.00)
Hypertension B B Compared with the control group, LAD
Yes 25 (41.67) . and I:(/S; ir:]' r|c])ati(TDntg Ogi)thThHI; vrs:er(?E
remarkably higher (P<0.05). The highes
No e ) 35 (58.33) ) levels of LAD and IVST of patients with
Hyperlipoidemia ) ) ) HF were observed in group C, followed
Yes 39 (65.00) - by group B, and then group A (P<
No 21 (35.00) - 0.05). The four groups displayed no sig-
TG (mmol/L) 4.0940.58 1.45+0.61 23.22 <0.001 nificant disparity in LVPWT (P>0.05)
TC (mmol/L) 2.24+0.58 3.71+1.15 8.67 <0.001 (Table 2).

second day after admission and centrifuged at
3500 r/min for 10 min (an effective centrifugal
radius of 10 cm). The serum was segregated
and placed in a refrigerator at -80°C for testing.
enzyme-linked immunosorbent assay (ELISA)
was used to detect the levels of serum H-FABP
(kit number: EPX010-12263-901, Invitrogen,
United States) and cTnl (kit number: MA-1-
20117, Invitrogen, United States). The specific
operation was strictly in accordance with the kit
specifications.

Statistical treatment

SPSS 27.0 was used for statistical analysis.
The measurement data conforming to normal
distribution were represented by mean * stan-
dard deviation. One-way ANOVA was used for
comparison among multiple groups. A t-test
was used for comparison between the two
groups. The correlation between echocardio-
graphic parameters, serum H-FABP, cTnl levels
and cardiac function grade was analyzed by the
Spearman method. Multiple stepwise regres-
sion analysis was used to predict the evalua-
tion factors of patients’ cardiac function grade.
The difference was statistically significant with
P<0.05.
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Comparison of the left ventricular func-
tion of subjects among four groups

In contrast to the control group, the group A,
group B, and group C obtained higher levels of
LVEDV and LVESV and lower levels of LVEF
(P<0.05). Moreover, the LVEDV and LVESV of
patients with HF presented the highest level in
group C, followed by group B, and then group A.
Similarly, group C obtained the lowest level of
LVEF, followed by group B, and then group A
(P<0.05) (Figure 1).

Serum H-FABP and cTnl levels of subjects in
the four groups

Notably higher levels of serum H-FABP and cTnl
in patients with HF than those in control group
were found (P<0.05). The highest levels of
serum H-FABP and cTnl were withessed in
patients of group C, followed by group B, and
then group A (P<0.05) (Figure 2).

Correlation analysis between left ventricular
function parameters and cardiac function
grade

The cardiac function grade was positively cor-

related with LVEDV and LVESV but negatively
correlated with LVEF (Table 3).
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Table 2. Comparison of the left ventricular structural changes of subjects among four groups

Group A Group B Group C

Control group

Indexes n=20 n=20 n=20 n=50 F P
LAD (d/mm) 30.57+4.16 32.06+4.21 33.17+4.24 28.39+4.11 7.905 <0.001
IVST (d/mm) 8.23+1.36 8.46+1.42 8.67+4.45 7.78+1.29 14.89 <0.001
LVPWT (d/mm) 7.85+1.11 8.13+1.14 8.26+1.19 7.75+1.06 1.284 0.284
A 150- . B 25- Correlation analysis between
w e ' o H serum H-FABP, cTnl levels, and
_ . 204 cardiac function grade
 100- ol
; ;1'5' Spearman correlation analysis
) @ 1.04 revealed that the levels of
g 50 2 serum H-FABP and cTnl were
0.5 positively correlated with car-
o : : 0.0 ; : diac function grade (Table 4).
R N R R R R R R
Q@" q&" & \Q5°° Q§°° ¢°° ¢°° \q&°° Correlation analysis between
v o 0&0 v ¢ oss° left ventricular function pa-
G < rameters and serum H-FABP
C 607 N Figure 1. Comparison of the left ven- Ia_lr;_d cTnl levels in patients with
4 — tricular function of subjects among
*H& four groups. A: Comparison of the ) ]
R 40 LVEDV of subjects among four groups; Pearson correlation analysis
E B: Comparison of the LVESV of sub- revealed that the serum H-
> 2% jects among four groups; C: Compari- FABP and cTnl levels of pa-
T son of the LVEF of subjects among . . .
four groups. *means the comparison tients with HF were positively
with control group, groups # and &, correlated with LVEDV and
0- T T P<0.05; #Means the comparison with LVESV, but negatively correlat-
N NN K& & P<0.05. ed with LVEF (Table 5).
§ o8 &
L ¢’ &
& Multivariate analysis of influ-
encing HF
A 15 B 2 H-FABP, cTnl, LVEDV, LVESV,
and LVEF were taken as inde-
3 o H H8& pendent variables for Logistic
E 104 { ﬁ15' regression analysis. The resu-
@ % > w5 Its revealed that cTnl and H-
E * %10‘ E FABP were risk factors for HF,
§ 5 i { & and LVEF was a protective fac-
o 51 tor for HF (Table 6).
[]
01— | ' | 01— ' | M Discussion
N K R K R R R R
I M £ & & & HF, one of the serious compli-
v ? v o v ? Y o : ; : :
& & cations for patients with Ml, is
«® &

Figure 2. Serum H-FABP and cTnl levels of subjects in the four groups. A:
Comparison of the serum H-FABP of subjects among four groups; B: Com-
parison of the serum cTnl levels of subjects among four groups. *Means
the comparison with control group, groups # and &, P<0.05; #Means the
comparison with &, P<0.05.
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also a complex clinical syn-
drome of almost all patients
with cardiovascular diseases
in the terminal stage [10, 11].
Currently, the incidence of HF
is showing a trend of elevation.
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Table 3. Correlation analysis between left
ventricular function parameters and cardiac
function grade

LVEDV LVESV  LVEF

Cardiac function grade r 0.589 0.492 -0.493
P <0.001 <0.001 <0.001

Table 4. Correlation analysis between serum
H-FABP, cTnl levels, and cardiac function
grade

H-FABP cTnl
Cardiac function grade r 0.523 0.572
P <0.001 <0.001

Table 5. Correlation analysis between left
ventricular function parameters and serum
H-FABP and cTnl levels in patients with HF

LVEDV ~ LVESV LVEF

H-FABP r 0.539 0.492 -0.623
P 0.008 0.012 <0.001
cTnl r 0.546 0.527 -0.533
P 0.005 0.003 0.001

With the aging of the population, HF has
become one of the main factors threatening
the life and health of the elderly [12]. The main
mechanism of HF triggered by M| stems from
the impaired diastolic and systolic functions in
the infarct site after the myocardial necrosis
caused by continuous ischemia and hypoxia of
the coronary artery. The continuous ischemia
and hypoxia impede the systole and diastole of
the whole heart, which gives rise to cardiovas-
cular blockage, thereby resulting in the decline
of heart function and eventually HF [13].
Clinically, HF is also the major cause of death in
patients with MI [14]. Therefore, the key mea-
sures for the prevention and treatment of
patients with HF after Ml are to evaluate the
heart function, understand the changes in left
heart function, and carry out timely symptom-
atic treatment.

Traditional B-ultrasound imaging can only pro-
vide two-dimensional images, which relies
more on the experience of clinicians in recon-
structing the two-dimensional structure of
organs abstractly; Consequently, the accuracy
of diagnosis is unstable to a certain extent [15].
As one of the ECGs in the development of new
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technology in recent years, RT-3D-TEE makes
up for the shortcomings of two-dimensional
TEE (such as the limited angle). It can view
images from any angle and any plane, and
dynamically observe the volume changes and
systolic and diastolic activities of the left heart,
to provide a corresponding scientific basis for
the clinical treatment and diagnosis, thereby
preventing missed diagnosis and reducing
unnecessary surgical treatment [16, 17]. To
date, RT-3D-TEE has been widely used in clini-
cal practice and its technology has become
more and more sophisticated, which lays a
foundation for expanding its application in vari-
ous diseases. RT-3D-TEE is used to detect the
left ventricular function of patients. Among the
related parameters of heart function, LVEF and
LVESV can reflect the left ventricular systolic
function of patients with HF, and LVEDV can
better evaluate the left ventricular diastolic
function [18]. Our research revealed that com-
pared with the control group, the LVESV and
LVEDV in patients with HF were markedly
increased, while LVEF was drastically declined,
and there was an obvious correlation between
LVEF and cardiac function grade. LVESV, LVEDYV,
and LVEF may be regarded as essential indexes
for predicting cardiac function grade. Previous
studies [19] have revealed the working mecha-
nism of RT-3D-TEE, which mainly collects initial
3D data by obtaining the echo features of many
single points in the tissue volume. Other stud-
ies [20, 21] have pointed out that compared
with 2D TEE, RT-3D TEE can provide additional
qualitative information about mitochondrial
valve equipment. With higher sensitivity in
detecting valve perforation, RT-3D TEE can bet-
ter describe its size and location. However, as
imaging diagnosis may be affected by ventricu-
lar coordination, the actual cardiac function
requires related indicators for a better anal-
ysis.

As a kind of heart-specific fatty acid-binding
protein, H-FABP exists widely in myocardial
cells and is rapidly released into the blood after
MI [22]. In addition, the increase of H-FABP
level will damage the vascular endothelium,
which will further aggravate the disease. As a
result, it has been considered as one of the key
indices for the evaluation of Ml [23, 24]. cTnl is
a kind of myocardial-specific structural protein,
which mainly exists in the cytoplasm of myocar-
dial cells in complex form and participates in
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Table 6. Multivariate analysis of influencing factors for HF

Regression coefficient ~ Standard error Wald X2 value OR 95% ClI P
H-FABP 1.398 0.631 4.933 4.018 2.261~7.162 0.005
cTnl 1.823 0.871 4.631 6.239 4.368~9.461 0.002
LVEDV 0.089 0.108 0.679 1.078 0.139~8.224 0.302
LVESV 0.377 0.311 1.442 1.452 0.321~6.533 0.378
LVEF -1.129 0.631 3.228 0.318 0.122~0.829 0.009

myocardial contraction together with myocardi-
al calcium ions. When myocardial cells are
damaged, cTnl will be released into the serum
accordingly. Therefore, the level of cTnl in the
serum can respond to myocardial cell damage
sensitively [25, 26]. H-FABP and cTnl, as spe-
cial serum markers of MI, have been widely
adopted in the diagnosis of AMI [27]. More-
over, it has also been confirmed that cTnl and
h-FABP exert certain effects on the diagnostic
rate of HF [28]. This research revealed that
serum cTnl and H-FABP of patients with HF
were significantly higher than those of the sub-
jects in control group, and the two indexes were
positively correlated with cardiac function
grade. Furthermore, prior study [29] detected
the serum H-FABP and cTnl in asphyxial new-
borns and found that the serum H-FABP and
CTNI levels of asphyxial children with M| were
remarkably higher than those of newborns
without MI, which further verified the close
relationship between H-FABP, cTnl and MI. It
was also found that there was a better correla-
tion between the related parameters of left
heart function and the levels of serum H-FABP
and cTnl, which suggested that the combined
analysis of RT-3D-TEE and serological indica-
tors can be employed as the reference indica-
tors of HF. The results of logistic regression
analysis demonstrated that H-FABP and cTnl
were risk factors for HF, and LVEF was a protec-
tive factor for HF. It suggested that the chan-
ges of serum H-FABP, cTnl, and left ventricular
function parameters should be closely moni-
tored clinically, which is of great significance to
reduce the mortality of patients with HF after
MI.

Conclusion

To sum up, the levels of serum H-FABP and cTnl
in patients with HF are correlated with left ven-
tricular function parameters, and they are
closely related to HF. The combined detection
of RT-3D-TEE and serum H-FABP and cTnl has
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important clinical significance for the early
diagnosis of HF. However, the study is limited
by the small sample size and few clinical-relat-
ed indicators. A larger sample size and more
related indices will be included in the clinical
evaluation of cardiac function grade, to evalu-
ate the cardiac function of HF patients with
higher accuracy and objectiveness.
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