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Abstract

Purpose: To evaluate the coronary thrombolytic effect of atorvastatin plus percutaneous coronary
intervention (PCI) for the treatment of acute myocardial infarction.

Methods: From April 2019 to October 2020, 88 patients with acute myocardial infarction who were
treated in Zhangqiu District People's Hospital were randomly assigned to receive either PCI
(conventional group) or PCI plus atorvastatin (combined group). Myocardial injury index, Tnl, and
creatine kinase isoenzyme (CK-MB) were used to determine myocardial injury, while serum cTnl was
determined using enzyme-linked immunosorbent assay (ELISA). Creatine kinase isoenzyme (CK-MB)
levels were determined by immunosuppression method. Cardiac ultrasound was used to measure and
compare the left ventricular end-diastolic diameter (LVEDD), left ventricular ejection fraction (LVEF),
and left ventricular end-systolic diameter (LVESD) before and after treatment in the two groups. Blood
lipid levels were determined before and after drug administration, respectively, while the levels of high-
density lipoprotein cholesterol (HDL-C) were determined using a colorimetric method. Total cholesterol
(TC) and triacylglycerol (TG) were assessed by an enzymatic method, while low-density lipoprotein
cholesterol (LDL-C) was determined using a biochemical method. Serum B-type natriuretic peptide
(BNP), c-reactive-protein (CRP), and interleukin (IL)-6 levels were evaluated in an automatic
biochemical analyzer. The incidence of adverse reactions during treatment, including creatinine
elevation, muscle pain, and gastrointestinal reactions and their frequencies were computed.

Results: The combined group exhibited significantly lower levels of myocardial injury indices when
compared with the conventional group (p < 0.05). Atorvastatin plus PCI resulted in significantly higher
left ventricular ejection fraction (LVEF), and lower left ventricular end-diastolic dimension (LVEDD) as
well as left ventricular end-systolic diameter (LVESD) in patients when compared with PCI alone group
(p < 0.05). After treatment, the combined group showed significantly healthier levels of low-density
lipoprotein cholesterol (LDL-C), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and
triglyceride (TG) compared with the conventional group (p < 0.05).

Conclusion: Atorvastatin plus PCI mitigates myocardial injury and lowers cardiac function, lipid indices,
serum B type natriuretic peptide (BNP), C-reactive-protein (CRP), and interleukin (IL)-6 levels. It also
reduces the incidence of adverse events during treatment. Thus, this therapeutic strategy has potentials
for application in the management of acute myocardial infarction.
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INTRODUCTION

Acute myocardial infarction is a functional or
structural abnormality of the cardiac coronary
vessels. This results in blockage of the blood
vessels of the myocardium and disruption of the
blood supply to the innervated myocardium of the
corresponding vessel and impairs myocardial
function. The most common symptoms of
myocardial infarction are crushing pain in the
upper and middle chest, mostly accompanied by
sweating and choking. A small portion of patients
also experiences pain in the left shoulder or the
left ring finger [1-4]. Acute myocardial infarction
features an acute onset, and early thrombolytic
therapy and percutaneous coronary intervention
(PCI) are essential to quicken the recovery of
myocardial perfusion and reduce the risk of
death. Coronary embolism refers to the blockage
of the lumen of the coronary arteries by abnormal
insoluble substances [5-7]. PCI is one of the
effective methods for the treatment of acute
myocardial infarction that improves myocardial
blood circulation by directly unblocking the
affected vessels and improving myocardial blood
perfusion. Some studies have shown that PCI
significantly outperformed thrombolytic therapy in
terms of revascularization rate. However, the
invasiveness of PCI may trigger multiple
complications such as vagal reflex, reperfusion
injury, and coronary artery spasm. Contemporary
pharmacodynamics has confirmed that statins
significantly reduce lipid levels, protect vascular
endothelial function, and inhibit thrombus
formation in patients. Nevertheless, evidence on
the effects and mechanisms of myocardial
protection by statins after thrombolysis is limited
[8,9]. Therefore, this study investigated the
coronary thrombolytic effect of atorvastatin plus
PCl for the treatment of acute myocardial
infarction.

METHODS
Baseline data

From April 2019 to October 2020, 88 patients
with acute myocardial infarction admitted in
Zhanggqiu District People's Hospital, Jinan City,
China were recruited. The patients were
assigned to receive either PCI (conventional
group) or PCIl plus atorvastatin (combined
group), with 44 patients in each group. All eligible
patients had typical symptoms of ischemic chest
pain and showed no changes after oral
administration of nitroglycerin. Diagnosis was
confirmed using a 12-lead electrocardiogram and
laboratory tests, which met the diagnostic criteria
of acute myocardial infarction. Patients with
contraindications to drugs and thrombolysis, and
those with blood pressure over 160/100 mmHg
were excluded. The study was approved by the
ethics committee of Zhangqiu District People's
Hospital (approval no. 20100020), and the
procedures were conducted in line with the
guidelines of Declaration of Helsinki [9].

In the conventional (PCI) group, there were 21
males and 23 females, aged 49 — 70 (57.4 + 5.6)
years, including 19 cases of anterior interstitial
and extensive anterior wall infarction, 11 cases of
inferior posterior wall infarction, 7 cases of high
lateral wall infarction, and 7 cases of inferior wall
with right ventricular infarction. In the combined
group, there were 22 males and 22 females,
aged 49 — 70 (56.8 + 5.4) years, including 15
cases of anterior interstitial and extensive
anterior wall infarction, 12 cases of inferior
posterior wall infarction, 9 cases of high lateral
wall infarction, and 8 cases of inferior wall with
right  ventricular infarction. The patient
characteristics between the two groups were
comparable (P>0.05). (Table 1).

Table 1: Comparison of baseline data between the two groups (n[%])

Conventional group

Combined group

. 2 )
Variable (n=44) (n=44) tory P-value
Gender 0.045 0.831
Male 21 22

Female 23 22

Mean age 57.4+5.6 56.8+5.4 0.512 0.61
Infarction site - -
Anterior interstitial

and e_xtenswe 19 15

anterior wall

infarction

_Inferlo_r posterior wall 11 12

infarction

High lateral wall

. - 7 9

infarction

Inferior wall with right 7 8

ventricular infarction
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Drug administration

Before PCI, patients in both groups received 300
mg of aspirin-vitamin C enteric-coated tablets
(Heilongjiang Rigel Pharmaceutical Co. Ltd,
Guodianzhi H23023548) through oral
administration, 300 mg of clopidogrel sulfate
tablets (Nanjing Zhengda Tianging
Pharmaceutical Co. Ltd, State Pharmacopoeia
H20203269) through oral administration, and 5
000 IU of sodium heparin (Jiangsu Wanbang
Biochemical Pharmaceutical Group Co. Ltd.,
State Drug Administration H20020179) through
intravenous injection, to maintain the activated
clotting time of 250 - 350 s. All included patients
underwent PCI. The puncture was performed via
the radial artery route for stent placement, and 1
mg/kg of low-molecular-weight heparin sodium
was administered every 12 h after the procedure.
The patients also received 100 mg of aspirin
vitamin C enteric-coated tablets and 75 mg of
clopidogrel sulfate tablets once daily. The
patients in the combined group additionally
received 20 mg of oral atorvastatin (Pfizer
Pharmaceutical Co., Ltd.,, National Drug
Administration H20051408) once daily after
dinner.

Evaluation of parameters/indices
Myocardial injury index

Serum eTnl and creatine kinase isoenzyme (CK-
MB) were used as indices to determine
myocardial injury, and serum c¢Tnl was
determined using ELISA method. The ELISA kit
was purchased from the Cell Signaling
Technology Co., Ltd., USA.

ELISA double antibody sandwich method: Roche
IV reagents (Shanghai Roche Pharmaceutical
Co. Ltd.) were used for ELISA assay. The test
entailed the use of high-speed centrifugation
(800 rpm) of the blood sample to be tested to
isolate the serum, and the blood sample was
tested according to the ELISA kit manufacturer’s
instructions.

Creatine kinase isoenzymes (CK-MB) levels

Creatine kinase isoenzymes were determined
using the immunosuppression method, and the
CK-MB test kit was purchased from Beijing
Lidman Biochemistry Co. Ltd., and the mass
method CK-MB test kit was produced by Dia
Lebo Biotechnology Co. Venous blood (5mL)
was collected from the patients and centrifuged
to isolate the serum, and the concentrations of
CK-MB were determined. The assay was

performed in strict accordance with standard
operating procedures and reagent instructions.

Cardiac function

Cardiac ultrasound was used to measure and
compare the left ventricular end-diastolic
diameter (LVEDD), left ventricular ejection
fraction (LVEF), and left ventricular end-systolic
diameter (LVESD) before and after treatment in
the two groups.

Lipid indices

Blood lipid levels were determined before and
after drug administration in two groups,
respectively. Morning fasting venous blood (3 - 5
mL) was collected from all eligible patients, and
the levels of high-density lipoprotein cholesterol
(HDL-C) were determined using the colorimetric
method. The levels of total cholesterol (TC) and
triacylglycerol (TG) were assessed with the
enzymatic method, while low-density lipoprotein
cholesterol (LDL-C) was determined using a
biochemical method.

Inflammatory factors

Fasting venous blood (3MI) was collected before
and after treatment. Serum B-type natriuretic
peptide (BNP), c-reactive-protein (CRP), and
interleukin (IL)-6 levels of the two groups were
evaluated using an automatic biochemical
analyzer.

Adverse reactions

The incidence of adverse reactions during
treatment includes creatinine elevation, muscle
pain, and gastrointestinal reactions; their
frequencies were computed.

Statistical analysis

SPSS 21.0 was used for data analyses and
GraphPad Prism 8 was for image rendering.
Measurement data are expressed as mean + SD
and processed using an independent sample t-
test. Count data are expressed as the number of
cases observed and analyzed using the chi-
square test. Differences were considered
statistically significant at p < 0.05.

RESULTS

Myocardial injury indices

In the conventional group, the peak cTnl
concentration was 2.36 = 0.21 ng/mL which

required 79.74 + 8.55 h to return a normal level,
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and the peak CK-MB concentration was 157.34 +
16.12 ng/mL, which took 31.12 + 7.02 h to return
a normal level. The combined group had
significantly lower myocardial injury indices
compared with the conventional group (p < 0.05)
(Table 2).

Cardiac functions

The LVEDD of patients in the conventional group
was 60.13 = 3.08 before treatment and 56.37 *
1.41 after treatment, LVEF was 48.44 + 4.05
before treatment and 49.28 + 1.24 after
treatment, and LVESD was 58.32 + 2.29 before
treatment and 54.03 + 1.27 after treatment. The
LVEDD of patients in the combined group was
60.21 + 3.15 before treatment and 53.01 + 1.19
after treatment, LVEF was 48.21 = 3.89 before
treatment and 53.46 + 1.19 after treatment, and
LVESD was 58.39 + 2.15 before treatment and
50.83 + 0.63 after treatment. There were no
significant differences in LVEDD, LVEF, and
LVESD between the two groups of patients
before treatment (p > 0.05). After treatment,
LVEF increased in both groups, with higher
LVEF in the combined group compared with the

conventional group. The LVEDD and LVESD
decreased in both groups, with lower LVEDD and
LVESD observed in the combined group than in
the conventional group (p < 0.05) (Table 3).

Blood lipid levels

The TC level of patients in the conventional
group was 5.81 + 0.52 before treatment and 4.47
+ 0.48 after treatment, the TG level was 2.02 *
0.41 before treatment and 1.77 + 0.35 after
treatment, the LDL-C level was 3.65 + 0.41
before treatment and 3.38 + 0.51 after treatment,
and the HDL-C level was 1.30 + 0.33 after
treatment was 1.47 + 0.33. The TC level of
patients in the combined group was 5.82 + 0.50
before treatment and 3.51 + 0.33 after treatment,
the TG level was 2.01 + 0.42 before treatment
and 1.31 = 0.22 after treatment, the LDL-C level
was 3.66 * 0.42 before treatment and 2.81 *
0.61 after treatment, the HDL-C level was 1.28 +
0.35 after treatment was 1.81 + 0.36. No
significant differences were found in the levels of
LDL-C, TC, HDL-C, and TG between the two
groups of patients before treatment (p > 0.05).

Table 2: Comparison of myocardial injury indices (mean = SD, n = 44)

cTnl CK-MB
Group Peak concentration Return to normal Peak concentration Return to normal
(ng/mL) (h) (ng/mL) (h)
g&’;‘f”t‘o”a‘ 2.36 £0.21 79.74 £ 8.55 157.34 + 16.12 31.12£7.02
Combined group 1.77 £ 0.19 70.62 £ 8.10 121.75 + 15.89 24.98 £ 6.57
T 13.819 5.136 10.43 4.236
P-value <0.001 <0.001 <0.001 <0.001
Table 3: Comparison of cardiac function indices (mean £ SD, n = 44)
LVEDD (mm) LVEF(%) LVESD(mm)
Group Before After Before After Before After
treatment treatment treatment treatment treatment treatment
Conventional
group 60.13 £3.08 56.37 £1.41 48.44 + 4.05 49.28 £1.24 58.32 £2.29 54.03+£1.27
gr%rgg'“e‘j 60.21+315  5301+1.19  4821+3.89  5346+1.19  5839+215 50.83+0.63
t -0.12 12.08 0.272 -16.133 -0.148 14.973
P-value 0.905 <0.001 0.786 <0.001 0.883 <0.001
Table 4: Comparison of serum levels of BNP, CRP, and IL-6 (mean + SD, n = 44)
BNP (pg/mL) CRP(mg/L) IL-6(ng/L)
Group Before treatment  After treatment Before After Before After
treatment treatment treatment treatment
gr%:‘]‘l’oem'o”a' 597.37 +88.34  246.44 +50.32 14.42 + 3.58 7.68+1.34 26.28 + 4.21 25.35+4.17
gr%?;"”ed 506.28 £+ 89.20  181.33 + 45.61 14.33 £ 3.54 4.23+1.17 26.57 £ 4.15 21.07+3.13
t 0.058 6.359 0.119 12.864 -0.325 5.445
P-value 0.954 <0.001 0.906 <0.001 0.746 <0.001
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After treatment, the two groups of patients had
increased HDL-C levels and lower levels of LDL-
C, TC, and TG, with higher HDL-C levels and
lower levels of LDL-C, TC, and TG in the
combined group than the conventional group (p <
0.05; Figure 1).
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Figure 1: Comparison of blood lipid indices (mean *
SD, n =44, mmol/L); indicates; p < 0.001

Serum levels of BNP, CRP, and IL-6

The BNP levels of patients in the conventional
group were 597.37 * 88.34 before treatment and
246.44 + 50.32 after treatment, CRP levels were
14.42 + 3.58 before treatment and 7.68 + 1.34
after treatment, and IL-6 levels were 26.28 + 4.21
before treatment and 25.35 + 4.17 after

treatment. The BNP levels of patients in the
combined group were 596.28 + 89.20 before
treatment and 181.33 + 45.61 after treatment,
CRP levels were 14.33 + 3.54 before treatment
and 4.23 + 1.17 after treatment, IL-6 levels were
26.57 + 4.15 before treatment and 21.07 + 3.13
after treatment. Before treatment, the two groups
showed similar levels of the above indices (p >
0.05). The serum levels of BNP, CRP, and IL-6
decreased in both groups after treatment, and
the serum BNP, CRP, and IL-6 levels were lower
in the combined group than in the conventional
group (p < 0.05; Table 4).

Incidence of adverse reactions

In the conventional group, documented adverse
reactions included 2 cases of creatinine
elevation, 2 cases of muscle pain, and 3 cases of
gastrointestinal reactions, resulting in an
incidence of adverse reaction of 16 %. In the
combined group, documented adverse reactions
included 1 case of muscle pain, resulting in an
incidence of adverse reaction of 2 %. The PCI
plus atorvastatin was associated with a
significantly lower incidence of adverse reaction
in patients compared with PCI (p < 0.05; Table
5).

DISCUSSION

Acute myocardial necrosis and rupture of the
fibrous cap of the unstable plaque lead to lumen
occlusion, local thrombosis, myocardial cell
ischemia and hypoxia, and interruption of
myocardial blood flow, resulting in myocardial

infarction  [10-12]. Current treatment of
myocardial infarction includes symptomatic
therapy such as heart rate control,

anticoagulation, antiplatelet, thrombolysis, and
percutaneous coronary intervention, which can
effectively alleviate the symptoms, recanalize the
obstructed coronary artery, and prevent local

thrombosis. However, studies have found
potentiated treatment efficiency with a
combination of statin therapy, which inhibits

platelet function and
perfusion.

restores cardiomyocyte

Table 5: Comparison of adverse reactions (mean + SD, n = 44, n[%])

Conventional group

Combined group

. ) ]
Variable (n=44) (n=44) X P-value
Creatinine elevation 2 0 - -
Muscle pain 2 1 - -
Gastrointestinal

: 3 0 - -
reactions
In(:|d¢_ance of adverse 7(16%) 1(2%) 4.95 0.026
reactions
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Atorvastatin has immunomodulatory, antiplatelet,
antioxidant, and anti-inflammatory effects. It
improves vascular endothelial diastolic function,
promotes the decomposition and uptake of
serum low-density lipoprotein, lowers lipoprotein
and cholesterol, suppresses hepatic cholesterol
biosynthesis, regulates cardiac autonomic
function, improves platelet activation, and
reduces thrombus formation [13-15].

The results of the present study showed that PCI
plus atorvastatin resulted in better LDL-C, TC,
HDL-C, TG, BNP, CRP, and IL-6 levels versus
PCI alone. The reason for this is that atorvastatin
inhibits Na+ -Ca2+ exchange by decreasing
intracellular calcium ion concentration, promotes
endothelial nitric oxide (NO) catabolism, reduces
lipid nucleation within plaques, and inhibits
inflammatory responses by decreasing fibrous
cap tension, thereby preventing thrombosis.

Deteriorating cardiac function may result in
insufficient intrinsic circulation in organs and
tissues and thus deficient cardiac function. In the
current study, the better LVEDD, LVESD, and
LVEF levels in the combined group compared
with the conventional group indicated that
atorvastatin exerted anti-inflammatory and lipid-
regulating effects and inhibited the progression of
myocardial hypertrophy and cardiomyocyte
fibrosis, reduced cardiac load, improved cardiac
function, and reversed ventricular remodeling.
Post-thrombolytic ischemia-reperfusion injury is
an important cause of myocardial injury, which
exacerbates myocardial damage and causes
symptoms such as enlarged infarct size or
persistent ventricular systolic hypoperfusion.

Despite the poorly understood pathogenic
mechanism of post-thrombolytic ischemia-
reperfusion injury, reduction of the incidence of
post-thrombolytic myocardial injury and
improvement of ischemia-reperfusion injury
status through medications constitute the focus
of clinical improvement of patient prognosis [16-
19]. Atorvastatin can repair vascular damage,
increase cardiac perfusion and reperfusion
damage to the myocardium, promotes
myocardial repair, and avoids immune damage,
thus reducing myocardial damage. In the present
study, The cTnl and CK-MB levels of patients in
the combined group were significantly better than
those of patients in the conventional group,
which indicates that atorvastatin facilitates the
activity of the nitric oxide system within the
vascular  endothelium by inhibiting the
biosynthesis of mevalonate, reduces the release
of inactive nitric oxide from endothelial cells,
induces apoptosis in vascular smooth muscle
cells, and improves endothelial function to adapt

to the ischemia-reperfusion state. Furthermore,
the results also showed a significantly lower
incidence of adverse events in the combined
group than in the conventional group, suggesting
a high safety profile of atorvastatin [20-22].

CONCLUSION

The findings of this study show that atorvastatin
plus PCI is effective in the treatment of acute
myocardial infarction, as it mitigates myocardial
injury, improves cardiac function and lipid levels.
It also decreases serum BNP, CRP, and IL-6
levels, and lowers the incidence of adverse
events during treatment. Therefore, the
combined therapy has potentials for use in the
treatment of acute myocardial infarction.
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