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ABSTRACT

Objective: Levosimendan is a novel drug often used to treat
heart failure. We aimed to explore the effects of levosimendan
preconditioning on left ventricular remodeling (LVR) after
myocardial reperfusion in acute myocardial infarction (AMI)
patients receiving percutaneous coronary intervention (PCI).

Methods: A total of 258 AMI patients treated from January
2018 to September 2020 were randomly divided into control
and observation groups. Based on conventional drug therapy,
levosimendan was given 30 min before PCI for the observa-
tion group, and dobutamine was intravenously injected for
the control group. Baseline data, thrombolysis in myocardial
infarction (TIMI) blood flow grade, myocardial injury mark-
ers, and LVR indices were compared, and the influencing fac-
tors for LVR were analyzed.

Results: After treatment, various degrees of blood perfu-
sion were found, and the TIMI grade was better than that
before treatment in both groups (P < .05). The levels of
aspartate aminotransferase, creatine kinase-MB, cardiac tro-
ponin T, and brain natriuretic peptide (BNP) declined in both
groups, more significantly in the observation group (P < .05).
Left ventricular end-systolic diameter, left ventricular end-
diastolic diameter, and left ventricular end-diastolic volume
declined, whereas left ventricular ejection fraction rose in
both groups, more significantly in the observation group (P <
.05). Age and BNP were risk factors for LVR, whereas levo-
simendan preconditioning was a protective factor (P < .05).

Conclusion: Levosimendan preconditioning can protect
cardiac function and promote the recovery of left ventricular
structure. Age and BNP are risk factors for LVR after myo-
cardial reperfusion in AMI patients undergoing PCI, and
levosimendan preconditioning is a protective factor.

INTRODUCTION

As one of the common types of coronary heart disease, acute
myocardial infarction (AMI) refers to myocardial necrosis due
to severe ischemia at the site of acute occlusion of coronary
arteries and interruption of blood flow. Currently, the most
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rapid and effective treatment method is percutaneous coro-
nary intervention (PCI), which recanalizes the infarcted artery,
restores blood flow, and reduces the MI area using catheter
techniques. However, reperfusion injury may be caused by the
rapid recovery of myocardial blood supply, leading to ventricu-
lar remodeling and affecting cardiac function [Elliott 2017].

Levosimendan, a novel drug, is often used in the treatment
of heart failure. As long as heart rate and myocardial oxygen
consumption are not changed significantly, levosimendan
can stabilize the spatial configuration of myocardial fibrin by
directly binding to troponin, thereby enhancing the myocar-
dial contractility induced by calcium ions; thus it has a calcium-
sensitizing effect. Moreover, it dilates blood vessels by activat-
ing adenosine triphosphate-sensitive potassium channels, thus
effectively alleviating the clinical symptoms of heart failure. In
addition, it raises the concentration of cyclic adenosine mono-
phosphate (¢(AMP) in myocardial cells by inhibiting phosphodi-
esterase, thereby exerting an additional positive inotropic effect
[Mehta 2017; Agostoni 2019; Zhou 2019].

The effect of levosimendan preconditioning on left ven-
tricular remodeling (LVR) after myocardial reperfusion in
AMI patients undergoing PCI has rarely been reported. In
the present study, therefore, levosimendan preconditioning
was given to AMI patients before PCI, and the occurrence of
LVR after myocardial reperfusion was explored to provide a
basis for clinical treatment.

MATERIALS AND METHODS

Subjects

A total of 258 AMI patients treated in our hospital from
January 2018 to September 2020 were selected and divided
into a control group (n = 129) and an observation group (n =
129) using a random number table. Inclusion criteria were (1)
patients meeting the diagnostic criteria in the Guidelines for
the Diagnosis and Treatment of Acute Myocardial Infarction
[Chinese Society of Cardiology of Chinese Medical Associa-
tion 2015], (2) patients >18 years old, (3) patients admitted
within 6 h after the first onset of disease, (4) patients with
left ventricular ejection fraction (LVEF) <40% confirmed by
echocardiography and definite left ventricular systolic dys-
function, (5) patients with indications for emergency PCI, (6)
patients with complete clinical data, and (7) patients who (or
whose families) signed informed consent. Exclusion criteria
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Table 1. Baseline clinical data

Group Control (n = 129) Observation (n = 129) t/x? P
Male sex 76 (58.91) 72 (55.81) 0.254 .615
Smoking history 48 (37.21) 43 (33.33) 0.424 .515
Diabetes mellitus 34 (26.36) 37 (28.68) 0.175 .676
Hypertension 80 (62.02) 85 (65.89) 0.42 517
Hyperlipidemia 10 (7.75) 13 (10.08) 0.43 512
Infarct-related arteries 0.659 .883

LAD 50 (38.76) 47 (36.43)

RCA 41 (31.78) 44 (34.11)

LCX 34 (26.36) 32 (24.81)

LM 4 (3.10) 6 (4.65)
Age (y) 57.45 + 6.89 57.09 £7.25 0.409 .683
Duration from onset to consultation (h) 3.57 £ 1.40 3.53 +£1.38 0.231 .817
Door-to-balloon time (min) 56.41 + 4.04 57.06 +3.96 1.305 193
Intraoperative dosage of contrast agent (mL) 120.27 +7.82 119.63 + 7.72 0.661 .509
Hospital stay (d) 10.96 + 1.65 1.13 +1.65 0.827 409
No. of diseased blood vessels 0.154 926

1 34 (26.36) 36 (27.91)

2 55 (42.64) 52 (40.31)

3 40 (31.01) 41 (31.78)

Data are n (%) or mean + SD. LAD, left anterior descending; LCX, left circumflex branch; LM, left main coronary artery; RCA, right coronary artery.

Table 2. TIMI grades

Group Before PCI After PCI
Grade 0 Grade 1 Grade 2 Grade 1 Grade 2 Grade 3

Control (n = 129) 68 (52.71) 37 (28.68) 24 (18.60) 2 (1.55) 9 (6.98) 118 (91.47)
Observation (n = 129) 65 (50.39) 41 (31.78) 23 (17.83) 1(0.78) 8 (6.20) 120 (93.02)
x'/P

Between 2 groups before PCI 0.294,/0.863

Between 2 groups after PCI 0.409,/0.815

Control group 141.497 /0.000

Observation group 150.082,/0.000

Data are n (%) unless noted otherwise. PCl, percutaneous coronary intervention; TIMI, thrombolysis in myocardial infarction.

were (1) patients with severe valvular disease, pericardial dis-
ease, arrhythmia, restrictive or hypertrophic cardiomyopathy,
or uncontrolled thyroid disease; (2) patients with malignant
tumors, severe insufficiency of other organs, metabolic dis-
ease, immune disease, infectious disease, or coagulation dys-
function; (3) patients with a history of cardiac surgery; (4)
patients who used levosimendan recently; (5) patients with
contraindications to the drugs used in this study; (6) patients

E2

with emerging congestive heart failure or all-cause deaths at 3
months of follow-up; or (7) patients who quit midway or were
lost to follow-up. This study was reviewed and approved by
the Medical Ethics Committee of our hospital.

Treatment Methods
After the patient was admitted to the hospital, the green
channel was activated immediately, and PCI was performed
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Table 3. Myocardial injury markers

Group AST (U/L) CK-MB (U/L) cTnT (ug/L) BNP (pg/mL)
Control (n = 129)
Before PCI 47.33 + 5.31 38.57 + 4.67 5.97 £ 0.56 134.08 + 8.47
After PCI 29.54 +3.82 10.49 + 1.56 2.13+0.29 95.42 + 6.23
Observation (n = 129)
Before PCI 46.55 + 5.22 38.52 + 4.83 5.98 +0.51 133.54 + 8.57
After PCI 22.38 + 3.07 6.23 £0.87 1.25+0.18 71.93 £ 5.06
t/P
Between 2 groups before PCl 1.190,0.235 0.085,0.933 0.150,/0.881 0.509,/0.611
Between 2 groups after PCI 16.594,/0.000 27.088,/0.000 29.283,/0.000 33.241 /0.000
Control group 30.889,/0.000 64.774,/0.000 69.159,/0.000 41.761,0.000
Observation group 45.331,0.000 74.728,/0.000 99.333,/0.000 70.31,/0.000

Data are mean + SD unless noted otherwise. AST, aspartate aminotransferase; BNP, brain natriuretic peptide; CK-MB, creatine kinase-MB; cTnT, cardiac tropo-

nin T; PCI, percutaneous coronary intervention;

after the infarct-related artery was identified by coronary angi-
ography. Based on conventional drug therapy, levosimendan
(5 mL: 12.5 mg; NMPN H20100043, Chengdu SNBioPharm
Co.) was given 30 min before PCI in the observation group.
It was intravenously pumped at a loading dose of 12 pg/kg for
10 to 15 min, and then intravenously infused at a rate of 0.1
pg - kg™ - min!. If the patient could tolerate, the infusion rate
was increased to 0.15 to 0.2 pg - kg™ - min™!, and the infusion
continued for 24 h. In the control group, dobutamine (2 mL:
20 mg; NMPN H33020471, Zhejiang Ruixin Pharmaceutical
Co.) was intravenously injected at an initial rate of 2 pg - kg~!
- min~". Then the infusion rate was increased to 4 pg - kg™' -
min~!, and the infusion continued for 24 h. After operation,
the patients were given general supportive treatments such
as bed rest, electrocardiogram monitoring, and urethral cath-
eterization and routine treatments such as lipid regulation,
blood pressure reduction, vascular dilation, heart rate reduc-
tion, and antiplatelet and anticoagulation therapy.

Collection of Baseline Data

Sex, age, smoking history, diabetes, hypertension, hyper-
lipidemia, infarct-related arteries, number of diseased blood
vessels, duration from onset to consultation, door-to-balloon
time, intraoperative dosage of contrast agent, and duration of
hospital stay were recorded in both groups.

Thrombolysis in Myocardial Infarction (TIMI) Grading
Before and after PCI, TIMI grading was conducted:
grade 0, no contrast agent passed through the stenotic artery,
and no blood perfusion was seen; grade 1, a small amount
of contrast agent passed through the stenotic artery, the
distal blood vessel had no filling, and mild perfusion was
seen; grade 2, the contrast agent obviously passed through
the stenotic artery, the distal blood vessel could be filled but
the blood flow was slow, and partial perfusion was seen; and
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grade 3, the contrast agent obviously passed through the ste-
notic artery, the distal blood vessel could be quickly filled,

and total perfusion was observed.

Detection of Myocardial Injury Markers

Before treatment and 72 h after treatment, peripheral
venous blood was drawn from patients. Plasma aspartate ami-
notransferase (AST), creatine kinase-MB (CK-MB), cardiac
troponin T (¢TnT), and brain natriuretic peptide (BNP) were
detected by enzyme-linked immunosorbent assay.

Detection of LVR Indices

Before treatment and 3 months after treatment, left ven-
tricular end-systolic diameter (LVESD), left ventricular
end-diastolic diameter (LVEDD), and left ventricular end-
diastolic volume (LVEDV) were measured using the
LOGIQE portable Doppler ultrasound diagnostic apparatus
and Vivid E9 color Doppler ultrasound diagnostic apparatus
(GE), and LVEF was calculated.

Follow-Up

All patients were followed up by outpatient clinic for >6
months. In addition to related examinations, the development
of LVR was mainly observed. LVR was defined as an increase
in LVEDV at 3 months of follow-up by 220% compared with
that before PCI.

Statistical Analysis

SPSS 16.0 software was used for statistical analysis.
Numerical data were expressed as n (%), and ¥’ test was
performed for intergroup comparison. Measurement data
were expressed as (mean = standard deviation [SD]), and
independent-samples t test was performed for intergroup
comparison. First, repeated-measures analysis of variance
was used to analyze the difference between 2 groups and the
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Table 4. LVR indices

Group LVESD (mm) LVEDD (mm) LVEDV (mL/m?) LVEF (%)
Control (n = 129)
Before PCI 44.96 + 4.06 54.14 + 4.23 73.21 £ 8.59 35.98 £ 3.09
After PCI 39.18 + 3.83 47.31 £ 3.66 68.92 + 8.36 43.85 + 4.42
Observation (n = 129)
Before PCI 45.76 = 4.19 54.65 + 4.15 73.18 + 8.80 35.42 +£2.95
After PCI 35.24 £3.25 44.38 £ 3.50 61.47 £ 6.10 47.56 + 4.83
t/P
Between 2 groups before PCI 1.557 /0.121 0.977/0.329 0.019,/0.985 0.117/0.907
Between 2 groups after PCI 8.909,/0.000 6.571,0.000 5.190,/0.000 6.436,/0.000
Control group 11.762,/0.000 13.868,/0.000 2.878,/0.004 16.574,/0.000
Observation group 22.533,/0.000 21.486,/0.000 7.781,/0.000 24.363,/0.000

Data are mean = SD unless noted otherwise. LVEDD, left ventricular end-diastolic diameter; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular

ejection fraction; LVESD, left ventricular end-systolic diameter; LVR, left ventricular remodeling; PCI, percutaneous coronary intervention.

time difference in each measured value. If there was a dif-
ference, least significant difference t test was further adopted
to compare the intergroup difference at each time point, and
Student-Newman-Keuls q test to compare the time differ-
ence in each group. The influencing factors for LVR after
myocardial reperfusion in AMI patients undergoing PCI were
analyzed using the binary logistic regression model. o, = 0.05
was set as the test level, and 2-tailed P < .05 suggested a statis-
tically significant difference.

RESULTS

Baseline Clinical Data

There were no statistically significant differences in the
number of male cases, age, smoking history, diabetes, hyper-
tension, hyperlipidemia, infarct-related arteries, number
of diseased blood vessels, duration from onset to consulta-
tion, door-to-balloon time, intraoperative dosage of contrast
agent, or duration of hospital stay between the control and
observation groups (P > .05) (Table 1).

TIMI Grades

There was no statistically significant difference in the TIMI
grade between the control and observation groups before and
after PCI (P > .05). After treatment, varying degrees of blood
perfusion were found, and the TIMI grade was better than
that before treatment in both groups (P < .05) (Table 2).

Myocardial Injury Markers

Before treatment, no statistically significant differences
were found in AST, CK-MB, ¢TnT, or BNP between the 2
groups (P > .05). After treatment, the levels of AST, CK-MB,
c¢I'nT, and BNP all declined in both groups, more signifi-
cantly in the observation group (P < .05) (Table 3).
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LVR Indices

Before treatment, LVESD, LVEDD, LVEDYV, and LVEF
had no statistically significant differences between the 2
groups (P > .05). After treatment, LVESD, LVEDD, and
LVEDV all declined and LVEF rose in both groups, more
significantly in the observation group (P < .05) (Table 4).

Univariate Analysis Results of LVR and Non-LVR Groups

According to the definition of LVR, the cases were divided
into LVR (n=37) and non-LVR (n =221) groups. The number
of male patients, age, smoking history, diabetes, hypertension,
hyperlipidemia, infarct-related arteries, number of diseased
blood vessels, duration from onset to consultation, door-to-
balloon time, intraoperative dosage of contrast agent, dura-
tion of hospital stay, LVESD, LVEDD, LVEDV, and LVEF
had no statistically significant differences between the 2
groups (P > .05). In the LVR group, the patients were older;
the levels of AST, CK-MB, ¢Tn'T; and BNP were higher; and
there were fewer cases of levosimendan preconditioning, with
statistically significant differences versus the non-LVR group
(P> .05) (Table 5).

Binary Logistic Regression Analysis Results of LVR after
Mpyocardial Reperfusion in AMI Patients Undergoing PCI
The variables with statistically significant differences in
the LVR and non-LVR groups were used as independent
variables; the actual measured values of age, AST, CK-MB,
c¢I'nT; and BNP were taken; and levosimendan precondi-
tioning was assigned values (no = 1, yes = 0). The occur-
rence of LVR at 3 months of follow-up was used as the
dependent variable, and assigned values (LVR = 1, non-LVR
= 0). The above factors were incorporated into the binary
logistic regression model, and the following equation was
obtained: logit(P) = -37.894 + 0.105 x age + 0.077 x BNP
—3.953 x levosimendan preconditioning. It was found that
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Table 5. Univariate analysis results of LVR and non-LVR groups

Group LVR (n =137) Non-LVR (n = 221) x? P
Male 21 (56.76) 127 (57.47) 0.007 .936
Smoking history 14 (37.84) 77 (34.84) 0.125 724
Diabetes mellitus 12 (32.43) 59 (26.70) 0.523 47
Hypertension 24 (64.86) 141 (63.80) 0.016 .901
Hyperlipidemia 5 (13.51) 18 (8.14) 1.125 .289
Infarct-related arteries

LAD 16 (43.24) 81 (36.65) 2.07M .558

RCA 12 (32.43) 73 (33.03)

LCX 9(24.32) 57 (25.79)

LM 0 (0.00) 10 (4.52)
Age (y) 61.26 £ 5.93 56.60 + 7.03 4.303 -
Duration from onset to consultation (h) 3.45+1.35 3.57 £ 1.40 0.485 .628
Door-to-balloon time (min) 56.13 £ 4.14 56.84 + 3.98 0.999 319
Intraoperative dosage of contrast agent (mL) 119.80 £ 7.71 119.98 £ 7.79 0.13 .896
Hospital stay (d) 11.06 + 1.55 11.05 + 1.67 0.034 973
No. of diseased blood vessels

1 8 (21.62) 62 (28.05) 1.762 A4

2 19 (51.35) 88 (39.82)

3 10 (27.03) 71 (32.13)
AST (U/L) 49.30 + 5.28 46.54 + 5.17 2.996 .003
CK-MB (U/L) 41.75 + 4.19 38.01 + 4.62 4.615 -
cTnT (ug/L) 6.22 +0.56 5.93 £0.52 3.105 .002
BNP (pg/mL) 138.57 £ 7.92 133.01 + 8.36 3.771 -
Levosimendan preconditioning 2 (5.41) 127 (57.47) 34.36 -
LVESD (mm) 45.19 + 4.01 45.39 + 4.17 0.271 .786
LVEDD (mm) 53.29 +4.17 54.59 + 4.18 1.751 .081
LVEDV (mL/m2) 73.54 £ 8.96 73.07 + 8.42 0.31 .756
LVEF (%) 35.67 +£3.26 35.71 + 3.00 0.074 94

Data are n (%) or mean + SD. AST, aspartate aminotransferase; BNP, brain natriuretic peptide; CK-MB, creatine kinase-MB; cTnT, cardiac troponin T; LAD, left
anterior descending; LCX, left circumflex branch; LM, left main coronary artery; LVEDD, left ventricular end-diastolic diameter; LVEDV, left ventricular end-
diastolic volume; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic diameter; LVR, left ventricular remodeling; RCA, right

coronary artery.

age and BNP were risk factors for LVR after myocardial
reperfusion in AMI patients undergoing PCI, whereas levo-
simendan preconditioning was a protective factor (P < .05).
The risk of LVR after myocardial reperfusion in 1-year-
older AMI patients undergoing PCI was 1.111 times that
in I-year-younger patients, such that a risk in patients with
BNP increased by 1 pg/mL was 1.080 times that in patients
with BNP decreased by 1 pg/mL, and such that a risk in
patients receiving levosimendan preconditioning was 0.019
times that in patients not receiving levosimendan precon-

ditioning (Table 6).
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PCI, which has been widely applied in the treatment of
AMI patients, can promptly recanalize the occluded blood
vessels, restore the blood circulation in coronary artery, and
reduce the irreversible necrosis of myocardial cells, thereby
effectively reducing the infarction area. Although blood per-
fusion can be restored in long-term ischemic tissues with the
sudden recanalization of the coronary artery, varying degrees
of damage will be caused to vascular endothelial cells and
myocardial cells in the reperfusion region [Choi 2019]. In the
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Table 6. Binary logistic regression analysis results of LVR after myocardial reperfusion in AMI patients undergoing PCI

Factor B SE Wald P OR 95% Cl

Lower limit Upper limit
Age 0.105 0.040 7.016 0.008 1.1 1.028 1.201
BNP 0.077 0.029 7173 0.007 1.080 1.021 1.143
Levosimendan preconditioning -3.953 0.856 21.323 0.000 0.019 0.004 0.103
Constant -37.894 6.785 31.194 0.000 0.000

AMI, acute myocardial infarction; BNP, brain natriuretic peptide; Cl, confidence interval; PCl, percutaneous coronary intervention.

present study, different degrees of blood perfusion could be
observed in both groups after PCI, and the TIMI grade was
greatly improved, further confirming the effectiveness of PCI
in the treatment of AMI.

AST, CK-MB, and ¢TnT jointly form the myocardial
enzyme spectrum and are used to assess myocardial injury in
patients. BNP synthesized by myocardial cells is a natural hor-
mone able to regulate cardiac function. It has been shown that
the calcium-sensitizing effect of levosimendan is achieved by
direct binding to troponin [Lin 2018]. Recombinant human
BNP obviously reduces the levels of blood AST and CK-MB
after reperfusion in patients with acute ST segment—elevation
M]I, indicating that it can protect cardiac function [Li 2020].
Both recombinant human BNP and levosimendan can lower
AST levels in AMI patients undergoing emergency PCI, but
the effect of the former was greater [Kreusser 2019]. In this
study, levosimendan preconditioning could markedly reduce
the levels of blood AST, CK-MB, ¢TnT, and BNP in AMI
patients after PCI, consistent with the above reports. It can be
seen that levosimendan conditioning before PCI can protect
cardiac function in AMI patients.

Clinically, LVR is mainly manifested as cardiomyocyte
hypertrophy, atrophy, apoptosis, necrosis, and interstitial
fibrosis, which is the key to the transition of cardiac function
from a compensated state to a decompensated state and also
the pathological basis of the development of cardiovascular
disease to heart failure. It has previously been reported that a
levosimendan treatment group had higher stroke volume and
LVEF but lower BNP levels than a dobutamine group after
operation, indicating that levosimendan is better in improv-
ing the cardiac function of AMI patients [Meng 2016]. In
addition, levosimendan is far superior to milrinone in improv-
ing LVESD, LVEDD, and LVEF [Faisal 2019]. Moreover,
levosimendan can effectively improve left heart function,
relieve ventricular hypertrophy, and promote the recovery
of ventricular structure in elderly patients with ischemic car-
diomyopathy and heart failure [Kirlidis 2009]. Similarly, the
results in this study revealed that levosimendan conditioning
before PCI could promote the recovery of left ventricular
structure in AMI patients, consistent with the above research
reports. The possible reason is that levosimendan can dilate
blood vessels to improve hemodynamics and reduce micro-
circulation resistance and cardiac load, thereby protecting the
myocardium. In addition, levosimendan is able to regulate
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cytokines and neuroendocrine and antagonize the oxidative
stress response, thereby reducing myocardial apoptosis and
repairing damaged myocardial cells.

Although the detailed mechanism of ventricular remodel-
ing after AMI remains unclear, it is believed that genetic fac-
tors, mechanical factors, and the neuro-endocrine system are
all closely related to the occurrence of ventricular remodeling
[Almeida 2020]. Age, course of disease, left atrial diameter,
LVEDD, and LVEDD are influencing factors for left ven-
tricular reverse remodeling in patients with atrial fibrillation
accompanied by left ventricular hypertrophy [van Diepen
2020]. Lan et al [2019] analyzed the correlation between the
thyroid-stimulating hormone level and LVR in ST segment—
elevation AMI and found that the baseline thyroid-stimu-
lating hormone <1.38 mU/L, peak level of high-sensitivity
¢TnT, and microvascular obstruction were independent risk
factors for LVR.

In this study, the influencing factors included in the
analysis were different from those in the above reports. The
results showed that age and BNP were risk factors for LVR
after myocardial reperfusion in AMI patients undergoing
PCI, whereas levosimendan preconditioning was a protec-
tive factor (P < .05). The reason is that LVR hardly occurs
in young patients owing to the low longitudinal strain of the
left ventricle, BNP can be synthesized and secreted by atrial
or ventricular myocytes, and levosimendan preconditioning
can protect cardiac function and facilitate the recovery of left
ventricular structure.

This study had deficiencies. For example, the sample size
was not large enough, it was a single-center study, and the
influencing factors included in the binary logistic regression
model were not comprehensive enough, so the experimental
results may be biased. In the future, the sample size will be
expanded in multicenter studies, and more influencing fac-
tors will be collected to further confirm the conclusion in this
study and provide a more detailed and reliable theoretical
basis for clinical treatment.

Conclusions

Levosimendan preconditioning can protect cardiac func-
tion and promote the recovery of left ventricular structure.
Age and BNP are risk factors for LVR after myocardial reper-
fusion in AMI patients undergoing PCI, and levosimendan
preconditioning is a protective factor.
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