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Abstract: Objective: To analyze the therapeutic effect of captopril combined with phosphocreatine sodium in pa-
tients with viral myocarditis. Methods: A total of 140 patients with infectious myocarditis who received treatment 
in Hanzhong City People’s Hospital from December 2019 to January 2022 were retrospectively enrolled as study 
subjects. 61 of them were treated with captopril and constituted the control group (CG), and the remaining 79 who 
received phosphocreatine sodium in addition to captopril were the research group (RG). Variables were observed 
and compared between the two groups, including clinical efficacy, adverse reactions during treatment, and changes 
in myocardial enzymes, cardiac function, troponin, and inflammatory factors. According to therapeutic effect, those 
patients with marked results were categorized as the significant improvement group, and those whose results were 
just effective or ineffective were the insignificant improvement group. The risk factors affecting the efficacy of the 
patients were analyzed by logistic regression. Results: Compared to the CG, the RG had greater decreases in aspar-
tate aminotransferase (AST), creatine kinase isoenzyme (CK-MB), creatine kinase (CK), and lactate dehydrogenase 
(LDH) (all P < 0.05). The left ventricular ejection fraction (LVEF), left ventricular fractional shortening (FS), and left 
ventricular stroke volume (SV) in the RG increased significantly more after treatment (P < 0.05), while the levels of 
high-sensitivity troponin I (cTnI) and cardiac troponin T (cTnT) decreased more significantly (P < 0.05) compared to 
the CG. The levels of tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) in the RG were more down-regulated (P 
< 0.05), and they had a higher overall response rate after treatment (P < 0.05). However, there was no significant 
difference in the incidence of adverse reactions between these two groups (P > 0.05). Multivariate logistic regres-
sion analysis showed that CK-MB, LVEF, cTnI, and cTnT were independent factors affecting the efficacy. Conclusion: 
Captopril combined with phosphocreatine sodium can reduce the inflammatory response in patients with infectious 
myocarditis, improve cardiac function, and improve the therapeutic efficacy. 
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Introduction

Myocarditis refers to inflammatory diseases 
characterized by necrosis of cardiomyocytes 
and infiltration of interstitial inflammatory cells 
caused by various causes and divided into two 
categories: infectious and non-infectious [1]. 
Infectious causes principally include viruses, 
spirochetes, rickettsiae, protozoa, helminths, 
and molds; non-infectious causes are allergic 
myocarditis and myocarditis caused by physi-
cochemical factors or drug toxicant factors [2]. 
Viral myocarditis is the most common infec-
tious factor, and it is commonly distributed at 
all ages worldwide, although myocarditis caus- 

ed by rheumatic fever and diphtheria has grad-
ually decreased, especially among children and 
adults under 40 [3]. Nowadays, more than 20 
viruses causing myocarditis have been identi-
fied, of which the more common ones are virus-
es infected in the upper respiratory tract and 
intestine, mainly including coxsackievirus B, 
adenovirus and echovirus, influenza virus, hep-
atitis, and parainfluenza [4]. Due to the defi- 
ciency of specificity in test results, it is difficult 
to confirm the diagnosis that mainly based on  
a comprehensive judgment of the patient’s pro-
dromal infection symptoms, cardiac-related 
manifestations, myocardial injury, abnormal 
ECG, etiology, and other examination results. 

http://www.ajtr.org
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Lack of uniform criteria can easily lead to misdi-
agnosis [5, 6], missed optimal timing for treat-
ment, and a greater burden on patients, fami-
lies and society.

There is no completely effective treatment for 
myocarditis currently, and the existing ones 
mainly focus on adequate rest of patients, sup-
portive treatment, and early management of 
complications. Captopril is a common angio- 
tensin-converting enzyme inhibitor that reduc-
es angiotensin production by inhibiting local 
vascular and circulatory systems of body tis-
sues, mostly used in the treatment of hyperten-
sion, diabetes, and coronary heart disease [7, 
8]. Early studies have revealed that captopril 
can improve the condition of patients with 
severe myocarditis, as well as alleviating heart 
failure [9]. Creatine phosphate is an endoge-
nous high-energy compound that is widely pre- 
sent in myocardial tissue [10], and also an 
exogenous myocardial cell protectant that is 
safe, reliable, and effective. It penetrates the 
cell membrane and maintains a stable level  
of high energy phosphate in myocardial cells, 
while it acts on oxygen free radicals and avoids 
the peroxidation damage of myocardial cells 
from free radicals by reducing oxygen free radi-
cals, thus playing a role in protecting myocardi-
al cells [11]. Previously, Niu et al. [12] found 
that phosphocreatine sodium achieved 100% 
efficacy in the treatment of 124 children with 
viral myocarditis. However, whether captopril 
combined with phosphocreatine sodium has a 
better effect in the treatment of adults has not 
yet been reported.

In this study, we retrospectively analyzed the 
therapeutic effect of captopril combined with 
phosphocreatine sodium in patients with viral 
myocarditis and analyzed the influencing fac-
tors affecting treatment efficacy to provide a 
reference for selection of clinical treatment. 

Materials and methods

Clinical data

A total of 140 patients with infectious myo- 
carditis who received treatment in Hanzhong 
City People’s Hospital from December 2019 to 
January 2022 were retrospectively enrolled as 
the study subjects. 61 of them treated with 
captopril were grouped as a control group (CG), 

and the remaining 79 who got phosphocrea- 
tine sodium in addition to captopril were the 
research group (RG). This study was approved 
and conducted by the medical ethics commit-
tee of Hanzhong City People’s Hospital (Ethical 
batch No.: 2019 (L) 091).

Inclusion and exclusion criteria

Inclusion criteria: Patients in line with the diag-
nostic criteria for viral myocarditis [13]; pa- 
tients with cardiac function evaluated as grade 
II-III; patients with no other antiviral drugs used 
in the past 1 month; patients with no severe 
liver, kidney and lung or other solid organ dis-
eases; patients with complete clinical data;  
and patients aged > 18 years. 

Exclusion criteria: Pregnant and lactating pa- 
tients; patients with allergy to the study drug; 
patients combined with malignant tumor; pa- 
tients with primary immunodeficiency disease; 
patients combined with other serious diseases; 
or patients with mental illness. 

Treatment regimen

Patients in both groups received treatments 
including rest, vitamin C, antiviral and antimi-
crobial agents, and myocardial metabolic ag- 
ents. CG was treated with captopril (Ningbo 
Tianheng Pharmaceutical Co., Ltd., GYZZ: 
H41025659), 12.5 mg/time, 3 times/d, orally 
after meals, for 1 month. RG patients were 
treated with creatine phosphate sodium (Bei- 
jing Penglai Pharmaceutical Co., Ltd., GYZZ: 
H20068079) on the basis of captopril treat-
ment. Patients were instructed to rest in bed, 
with intravenous drip 1 g/time, twice a day, 
continuous drip for 1 month. 

Detection of outcome measures

3 ml of fasting venous blood was collected from 
both groups on the next morning after admis-
sion and centrifuged at a centrifugation radius 
of 5 cm and a rotation speed of 3,000 r/min for 
10 min to separate the upper serum.

1) Myocardial enzyme detection: The levels of 
aspartate aminotransferase (AST), creatine 
kinase isoenzyme (CK-MB), creatine kinase 
(CK), and lactate dehydrogenase (LDH) were 
measured by enzyme rate method. Beckman 
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5800 biochemical analyzer with relevant kits 
was used to detect the above indicators.

2) Cardiac function test: Left ventricular ejec-
tion fraction (LVEF), left ventricular fractional 
shortening (FS), and left ventricular stroke vol-
ume (SV) were measured before and after 
treatment in both groups.

3) Troponin detection: High-sensitivity troponin 
I (cTnI) and cardiac troponin T (cTnT) were 
detected by Beckman 5800 biochemical ana-
lyzer with relevant kits in the two groups.

4) Detection of inflammatory factors: The levels 
of tumor necrosis factor-α (TNF-α, ml077385) 
and interleukin-6 (IL-6, ml058097) were mea-
sured in the two groups. The assay was per-
formed by enzyme-linked immunosorbent as- 
say (ELISA) with kits from Shanghai Enzyme 
Linked Immunosorbent Assay. 

Outcome measures

Main outcome measures: Clinical efficacy was 
compared between the two groups. The chang-
es in myocardial enzyme, cardiac function, tro-
ponin and inflammatory factors were observed 
before and after the treatments. 

Secondary outcome measures: Clinical data 
were compared between the two groups. Ac- 
cording to the therapeutic effect, the patients 
with markedly effective results were consid-
ered the significant improvement group, and 
those with effective or ineffective results were 
the insignificant improvement group. Risk fac-
tors affecting the efficacy of the patients were 
analyzed by logistic regression analysis, and 
adverse reactions during the treatments were 
compared between the two groups. 

Efficacy assessment

Criteria for curative effect determination: 
Significantly effective: original clinical symp-
toms and signs completely disappeared, heart 
size, shape, ECG, cardiac function, and myocar-
dial enzymes returned to normal; effective: the 
clinical symptoms and signs were significantly 
improved compared with before, and cardio-
megaly, ECG, cardiac function and myocardial 
enzymes were markedly improved but not com-
pletely returned to normal; ineffective: clinical 

symptoms and signs were not significantly 
improved or even aggravated compared to 
before treatment. Response rate = (markedly 
effective + effective)/total number of cases × 
100%.

Statistical analysis

The data collected were analyzed by SPSS 20.0 
statistical software, in which the measured 
data were expressed as mean ± standard devi-
ation (Meas ± SD), and the means between the 
two groups were compared by Student t-test  
for inter-group comparison and paired t-test for 
intra-group comparison. χ2 test was used for 
rates comparison between the two groups, and 
logistic regression was to analyze independent 
risk factors affecting patient outcome. P < 0.05 
was considered significant.

Results

Clinical data comparison

Comparison of the clinical data between the 
two groups showed no statistical difference in 
age, gender, Body Mass Index (BMI), smoking 
history, alcoholism history, systolic blood pres-
sure, diastolic blood pressure,, or heart rate (all 
P > 0.05, Table 1).

Changes in myocardial enzymes

Changes in myocardial enzymes were com-
pared between the two groups. There was no 
significant difference in AST, CK-MB, CK or LDH 
between the two groups before treatment (all P 
> 0.05). However, AST, CK-MB, CK, and LDH lev-
els in the two groups after treatment were evi-
dently lower than those before treatment (all  
P < 0.001). In addition, further comparison 
revealed that such decline was greater in the 
RG than the CG after treatment (all P < 0.05, 
Figure 1).

Cardiac function changes

The cardiac function was compared between 
the two groups before and after treatment. It 
was revealed that LVEF, FS, and SV were not 
statistically different between the two groups 
before treatment (all P > 0.05). However, LVEF, 
FS, and SV levels increased markedly after 
treatments in both groups (all P < 0.001). In 
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Table 1. Baseline data comparison

Variable Control Group 
(n = 61)

Research Group 
(n = 79) X2/t value P value

Age 3.298 0.069
    ≥ 30 years 33 48
    < 30 years 28 21
Gender 0.828 0.362
    Male 38 55
    Female 23 24
BMI 0.306 0.579
    ≥ 25 kg/m2 13 20
    < 25 kg/m2 48 59
Smoking history 0.828 0.362
    Yes 38 55
    No 23 24
History of alcohol abuse 0.121 0.727
    Yes 8 12
    No 53 67
Systolic blood pressure/mmHg 117.83±18.70 117.21±14.78 0.219 0.826
Diastolic blood pressure/mmHg 74.98±14.97 73.92±14.67 0.419 0.675
Heart rate/(beats·min-1) 85.34±17.79 90.05±16.82 1.601 0.112
Note: BMI: Body Mass Index.

Figure 1. Comparison of myocardial enzyme indexes before and after 
treatment between the two groups. A. Changes in AST levels before and 
after treatment. B. Changes in CK-MB levels before and after treatment. 
C. Changes in CK levels before and after treatment. D. Changes in LDL 
levels before and after treatment. Note: ***P < 0.001, ****P < 0.0001. 
AST: Aspartate Aminotransferase; CK-MB: Creatine Kinase Isoenzyme; CK: 
Creatine Kinase; LDH: Lactate Dehydrogenase.

addition, further comparison 
revealed that the RG had a 
greater increase in the above 
indexes than the CG after treat-
ment (all P < 0.05, Figure 2).

Troponin change

The changes in troponin bet- 
ween the two groups were 
compared. Results showed th- 
at there was no significant dif-
ference in cTnI and cTnT bet- 
ween the two groups before 
treatment (both P > 0.05). 
After the treatments, cTnI and 
cTnT levels in both groups 
decreased significantly (both P 
< 0.001). In addition, further 
comparison showed that after 
the treatments, the cTnI and 
cTnT levels in the RG decreas- 
ed more significantly than in 
the CG (P < 0.05, Figure 3).

Inflammatory factor changes

Comparing the changes in 
inflammatory factors between 
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Figure 2. Comparison of changes in cardiac function before and after treatment between two groups. A. Changes 
in LVEF levels before and after treatment. B. FS level changes before and after treatment. C. Changes in SV levels 
before and after treatment. Note: *P < 0.05, **P < 0.01, ***P < 0.001. Left Ventricular Ejection Fraction (LVEF), 
Left Ventricular Fractional Shortening (FS) and Left Ventricular Stroke Volume (SV).

Figure 3. Comparison of changes in troponin before and after treatment 
between two groups. A. Changes of cTnI levels before and after treatment 
between two groups. B. Changes of cTnT levels before and after treatment 
between two groups. Note: ***P < 0.001, ****P < 0.0001. cTnI: High-
Sensitivity Troponin I; cTnT: Cardiac Troponin T.

Figure 4. The changes of inflammatory factors before and after treatment in 
two groups. A. Changes in TNF-α levels before and after treatment between 
the two groups. B. Changes in IL-6 levels before and after treatment be-
tween the two groups. Note: ***P < 0.001, ****P < 0.0001. TNF-α: Tumor 
Necrosis Factor-α; IL-6: Interleukin-6.

the two groups, the results 
showed no significant differ-
ences in IL- or TNF-α levelsbe-
fore treatment (both P > 0.05). 
However, after treatment, the 
average levels of IL-6 and 
TNF-α were significantly lower 
than those before treatment 
(both P < 0.001). Further com-
parison showed that the de- 
clines in the RG were greater 
than in the CG (both P < 0.05, 
Figure 4).

Efficacy assessment

Evaluation of the efficacy in the 
two groups after treatment re- 
vealed that the overall clinical 
response rate of the CG was 
lower than that of the RG (P < 
0.05, Table 2). 

Adverse reaction comparison

Comparison of adverse reac-
tions after treatment between 
the two groups showed that 
there were no statistical differ-
ences in the incidence of ad- 
verse reactions between the 
two groups (P > 0.05, Table 3).

Analysis of risk factors affect-
ing treatment efficacy

According to the clinical effica-
cy of patients after treatment, 
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Table 2. Clinical response assessment [n (%)]
Group Markedly effective Effective Ineffective Total effective rate
Control Group (n = 61) 28 (45.90) 23 (37.70) 10 (16.40) 51 (83.60)
Research Group (n = 79) 43 (54.43) 32 (40.50) 4 (5.07) 75 (94.93)
X2 value 4.456
P value 0.034

Table 3. Adverse reaction statistics [n (%)]
Group Headache Dizziness Nausea Somnolence Incidence rate of adverse reactions
Control Group (n = 61) 2 (3.29) 2 (3.29) 1 (1.64) 3 (4.92) 8 (13.14)
Research Group (n = 79) 3 (3.80) 3 (3.80) 1 (1.26) 2 (2.53) 9 (11.39)
X2 value 0.095
P value 0.757

Table 4. Univariate analysis

Variable β Standard Error X2 P value OR value 
(B)

EXP (B) 95% C.I.
Lower limit Upper limit

Age 0.225 0.343 0.432 0.511 1.253 0.64 2.453
Gender 0.364 0.36 1.027 0.311 1.440 0.711 2.913
BMI -0.599 0.406 2.183 0.14 0.549 0.248 1.216
Smoking history 0.364 0.36 1.027 0.311 1.440 0.711 2.913
History of alcohol abuse -0.033 0.483 0.005 0.945 0.967 0.375 2.493
Systolic blood pressure 0.003 0.010 0.085 0.770 1.003 0.983 1.023
Diastolic 0.005 0.012 0.207 0.649 1.005 0.983 1.028
Heart Rate 0.012 0.01 1.457 0.227 1.012 0.993 1.032
AST -0.024 0.039 0.375 0.540 0.976 0.904 1.054
CK-MB -0.14 0.045 9.513 0.002 0.870 0.796 0.95
CK 0.011 0.009 1.491 0.222 1.011 0.993 1.029
LDH 0.004 0.005 0.606 0.436 1.004 0.994 1.014
LVEF 0.258 0.054 23.077 < 0.001 1.295 1.165 1.438
FS 0.006 0.06 0.011 0.918 1.006 0.895 1.131
SV -0.015 0.028 0.284 0.594 0.985 0.934 1.04
cTnI -14.504 5.645 6.603 0.010 < 0.001 0.000 0.032
cTnT -10.961 2.857 14.72 < 0.001 < 0.001 0.000 0.005
TNF-α -0.001 0.005 0.041 0.839 0.999 0.989 1.009
IL-6 0.005 0.023 0.054 0.817 1.005 0.961 1.052
Note: BMI: Body Mass Index; AST: Aspartate Aminotransferase; CK-MB: Creatine Kinase Isoenzyme; CK: Creatine Kinase; LDH: 
Lactate Dehydrogenase; LVEF: Left Ventricular Ejection Fraction; FS: Left Ventricular Fractional Shortening; SV: Left Ventricular 
Stroke Volume; cTnI: High-Sensitivity Troponin; cTnT: Cardiac Troponin; TNF-α: Tumor Necrosis Factor-α; IL-6: Interleukin-6.

patients with effective improvement were con-
sidered the significant improvement group  
(n = 71), and effective + ineffective resultswere 
grouped as the insignificant improvement gr- 
oup (n = 69). Further comparison of the factors 
affecting the efficacy in patients revealed that 
CK-MB, LVEF, cTnI, and cTnT were risk factors 
affecting the efficacy in patients (Table 4, all P 
< 0.05). Subsequently, we further determined 

CK-MB, LVEF, cTnI, and cTnT as independent 
factors affecting the efficacy in patients by mul-
tivariate logistic regression analysis (Table 5, 
all P < 0.05). 

Discussion

Viral myocarditis is caused by cardiotropic virus 
infection with non-specific inflammation of the 
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Table 5. Multivariate analysis

Variable β Standard Error X2 P value OR value (B)
95% C.I.

Lower limit Upper limit
CKMB -0.111 0.050 4.861 0.027 0.895 0.811 0.988
LVEF 0.229 0.058 15.872 < 0.001 1.258 1.123 1.408
cTnI -13.73 6.258 4.814 0.028 < 0.001 0.000 0.231
cTnT -7.521 3.146 5.715 0.017 0.001 0.000 0.258
Note: CK-MB: Creatine Kinase Isoenzyme; LVEF: Left Ventricular Ejection Fraction; cTnI: High-Sensitivity Troponin; cTnT: Cardiac 
Troponin.

myocardium as its main pathologic change. It 
has predominated as one of the main causes  
of sudden unexplained death among adoles-
cents in recent years [8]. There are many 
options for viral myocarditis treatment, yet 
which one is best remains uncertain.

At present, clinical treatment of viral myocardi-
tis mainly relies on drug therapy [14]. Captopril 
is an angiotensin-converting enzyme inhibitor 
that effectively reduces myocardial damage 
and the production of angiotensin II blocks or 
reverses myocardial remodeling, and inhibits 
myocardial inflammatory dilatation [15]. Crea- 
tine phosphate is an endogenous high-energy 
compound that exists in myocardial cells. Exo- 
genous creatine phosphate is a safe, reliable, 
and effective myocardial cell protector that can 
directly penetrate the cell membrane, stabilize 
the phospholipid membrane, keep the high-
energy phosphate stable in myocardial cells, 
and protect myocardial cells from peroxidation 
damage by reducing oxygen free radicals [16]. 
Previously, Li et al. [17] examined that gamma 
globulin combined with phosphocreatine sodi-
um significantly improved the therapeutic ef- 
fect of patients compared with conventional 
treatment. In this study, we observed the ef- 
fects of a combination of two drugs in patients 
with viral myocarditis. Our results showed that 
captopril combined with phosphocreatine sodi-
um is more effective than captopril alone, and 
there is no difference in terms of the incidence 
of adverse reactions during treatment between 
the two groups. This shows that the combina-
tion of the two can effectively reduce clinical 
symptoms of patients with favorable therapeu-
tic effect and good safety. 

In this study, changes were also detected in 
cardiac enzymes, cardiac function, troponin, 
and inflammatory factors. AST, CK-MB, CK, and 
LDH are the most commonly used indicators to 

determine myocardial injury, and are widely 
present in all sorts of cells of the human body. 
When patients are invaded by external infec-
tious factors, myocardial enzymes are releas- 
ed in large numbers in cardiomyocytes, and 
CK-MB, CK, and LDH contents in peripheral 
blood ar abnormally increased [18, 19]. In this 
study, we found that levels of AST, CK-MB, CK, 
and LDH in the RG were lower than in the CG 
after treatment, which indicated that the com-
bined treatment could effectively reduce myo-
cardial injury and effectively protect myocardi-
um. cTnT mostly exists in cardiomyocytes and 
can be directly involved in myocardial contrac-
tion, while cTnI, on the other hand, is present in 
myocardial tissues and is involved in myocar- 
dial contraction and relaxation function. Myo- 
cardial damage can cause increased permea-
bility of myocardial cell membranes and induce 
increased cTnI and cTnT levels [20]. In our 
results, captopril combined with phosphocre-
atine sodium could more effectively improve 
patients’ cTnI and cTnT, confirming that the 
combined treatment can effectively improve 
myocardial injury. In an early study by Li et al. 
[21], it was found that troponin, cardiac en- 
zymes, and other indicators in the serum of 
children with viral myocarditis treated with ul- 
inastatin combined with phosphocreatine sodi-
um were improved, while in our study, those 
indicators were all improved after treatment, 
which indicated that captopril combined with 
phosphocreatine sodium was also effective for 
viral myocarditis. Due to viral infection of this 
etiology, myocardial cell lysis, rupture, and 
necrosis caused by viral infection can lead to 
massive secretion of various inflammatory fac-
tors such as T cell subsets, interleukins, and 
tumor necrosis factor [22]. For this reason, we 
further examined the changes in TNF-α and IL-6 
in patients before and after treatment, and 
found that TNF-α and IL-6 in the RG were lower 
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than those in the CG after treatment. That is to 
say, the inflammatory response after viral infec-
tion was effectively reduced by the combina-
tion treatment. 

At the end of the study, factors affecting the 
treatment outcome of patients were identified, 
and CK-MB, LVEF, cTnI, and cTnT were found to 
be independent factors affecting patient out-
come. CK-MB is highly specific and usually 
present in skeletal muscle or cardiomyocyte 
mitochondria. When infected with viruses, car-
diomyocytes or skeletal muscle cells get dam-
aged, and CK-MB, which is normally involved in 
the ATP conversion process inside cells, would 
flow into the blood, resulting in a significant 
increase of serum CK-MB. In addition, its con-
centration is identified to be positively correlat-
ed with the patient’s condition [23, 24]. There- 
fore, higher pretreatment CK-MB levels in pa- 
tients indicate severe disease and lead to 
unsatisfactory treatment outcomes. Studies 
have pointed out that patients with severe viral 
myocarditis have a risk of ventricular remodel-
ing, which is positively correlated with the de- 
gree of myocardial injury; while patients with 
less severe viral myocarditis are identified with 
no changes in the ventricles and bulbar cavities 
[25]. Consequently, viral myocarditis patients 
with lower LVEF normally suffer from more 
severely impaired cardiac function and more 
critical condition, and are prone to unsatisfac-
tory therapeutic effect. cTnI and cTnT are con-
tractile proteins present in myofibrils, which 
mainly regulate the contraction and extension 
of cardiomyocytes. The cell body structure rup-
tures when cardiomyocytes are damaged, then 
this is followed by cTnI and cTnT flowing into 
human blood through the cell membrane. 
Higher levels of cTnI and cTnT means more 
severe damage of myocardial tissue cells, 
which would cause a worse outcome and a 
higher risk of ineffective treatment [26]. On 
account of this, it is recommended to closely 
observe the changes in CK-MB, cTnI and cTnT, 
and appropriately combine with other drugs 
and antibiotics to improve LVEF, as well as the 
therapeutic effect.

In this study, we determined the therapeutic 
effect of captopril combined with phosphocre-
atine sodium in patients with viral myocarditis 
by retrospective analysis. However, this study 
has some limitations. First, this study is a retro-

spective study, so the sample is different from 
a prospective study. Only existing data were 
collected and analyzed, and that patients wee 
not followed up. Second, we have a small sam-
ple size of single-center studies in this study. 
Therefore, we hope to carry out more clinical 
trials in future studies to improve our conclu- 
sions.

In summary, captopril combined with phospho-
creatine sodium can reduce the inflammatory 
response in patients with infectious myocardi-
tis, improving cardiac function and therapeutic 
effect.

Disclosure of conflict of interest

None.

Address correspondence to: Xuemei Chen, Cardio- 
logy Department, Hanzhong City People’s Hospital, 
No. 251 North Tuanjie Street, Hanzhong 723000, 
Shaanxi, China. E-mail: 2429235829@qq.com

References

[1]	 Ammirati E, Veronese G, Bottiroli M, Wang DW, 
Cipriani M, Garascia A, Pedrotti P, Adler ED and 
Frigerio M. Update on acute myocarditis. 
Trends Cardiovasc Med 2021; 31: 370-379.

[2]	 Moslehi J, Lichtman AH, Sharpe AH, Galluzzi L 
and Kitsis RN. Immune checkpoint inhibitor-
associated myocarditis: manifestations and 
mechanisms. J Clin Invest 2021; 131: 
e145186.

[3]	 Pepe S, Gregory AT and Denniss AR. Myocardi-
tis, pericarditis and cardiomyopathy after COV-
ID-19 vaccination. Heart Lung Circ 2021; 30: 
1425-1429.

[4]	 Lampejo T, Durkin SM, Bhatt N and Guttmann 
O. Acute myocarditis: aetiology, diagnosis and 
management. Clin Med (Lond) 2021; 21: 
e505-e510.

[5]	 Larson KF, Ammirati E, Adler ED, Cooper LT Jr, 
Hong KN, Saponara G, Couri D, Cereda A, Pro-
copio A, Cavalotti C, Oliva F, Sanna T, Ciconte 
VA, Onyango G, Holmes DR and Borgeson DD. 
Myocarditis after BNT162b2 and mRNA-1273 
vaccination. Circulation 2021; 144: 506-508.

[6]	 Law YM, Lal AK, Chen S, Čiháková D, Cooper LT 
Jr, Deshpande S, Godown J, Grosse-Wortmann 
L, Robinson JD and Towbin JA; American Heart 
Association Pediatric Heart Failure and Trans-
plantation Committee of the Council on Life-
long Congenital Heart Disease and Heart 
Health in the Young and Stroke Council. Diag-
nosis and management of myocarditis in chil-
dren: a scientific statement from the Ameri- 



Captopril and phosphocreatine sodium for viral myocarditis

8667	 Am J Transl Res 2022;14(12):8659-8667

can Heart Association. Circulation 2021; 144: 
e123-e135.

[7]	 Putschoegl A and Auerbach S. Diagnosis, eval-
uation, and treatment of myocarditis in chil-
dren. Pediatr Clin North Am 2020; 67: 855-
874.

[8]	 Pollack A, Kontorovich AR, Fuster V and Dec 
GW. Viral myocarditis-diagnosis, treatment op-
tions, and current controversies. Nat Rev Car-
diol 2015; 12: 670-680.

[9]	 Piccirillo F, Watanabe M and Di Sciascio G. Di-
agnosis, treatment and predictors of prognosis 
of myocarditis. A narrative review. Cardiovasc 
Pathol 2021; 54: 107362.

[10]	 He H, Zhang M, Zhao LB, Sun N, Zhang Y, Yuan 
Y and Wang XL. Population pharmacokinetics 
of phosphocreatine and its metabolite cre-
atine in children with myocarditis. Front Phar-
macol 2020; 11: 574141.

[11]	 Sun N, Li Q, Zhao L, He H, Zhang M and Wang 
X. Simultaneous quantitative analysis of phos-
phocreatine, creatine and creatinine in plasma 
of children by HPLC-MS/MS method: applica-
tion to a pharmacokinetic study in children 
with viral myocarditis. Biomed Chromatogr 
2019; 33: e4558.

[12]	 Niu L, An XJ, Tian J and Wang Y. 124 cases of 
clinical analysis of children with viral myocardi-
tis. Eur Rev Med Pharmacol Sci 2015; 19: 
2856-2859.

[13]	 Liguori C, Farina D, Vaccher F, Ferrandino G, 
Bellini D and Carbone I. Myocarditis: imaging 
up to date. Radiol Med 2020; 125: 1124-
1134.

[14]	 Olejniczak M, Schwartz M, Webber E, Shaffer A 
and Perry TE. Viral myocarditis-incidence, diag-
nosis and management. J Cardiothorac Vasc 
Anesth 2020; 34: 1591-1601.

[15]	 Marte F, Sankar P and Cassagnol M. Captopril. 
StatPearls: Treasure Island (FL); 2022. 

[16]	 Buck CL, Wallman KE, Dawson B and Guelfi KJ. 
Sodium phosphate as an ergogenic aid. Sports 
Med 2013; 43: 425-435.

[17]	 Li JH, Li TT, Wu XS and Zeng DL. Effect of gam-
ma globulin combined with creatine phosphate 
on viral myocarditis. Am J Transl Res 2021; 13: 
3682-3688.

[18]	 Chen J and Deng Y. Diagnostic performance of 
serum CK-MB, TNF-alpha and Hs-CRP in chil-
dren with viral myocarditis. Open Life Sci 2019; 
14: 38-42.

[19]	 Chen J and Deng Y. Erratum to “Diagnostic per-
formance of serum CK-MB, TNF-alpha and hs-
CRP in children with viral myocarditis”. Open 
Life Sci 2020; 15: 597.

[20]	 Al-Biltagi M, Issa M, Hagar HA, Abdel-Hafez M 
and Aziz NA. Circulating cardiac troponins lev-
els and cardiac dysfunction in children with 
acute and fulminant viral myocarditis. Acta 
Paediatr 2010; 99: 1510-1516.

[21]	 Li CL, Jia LB, Gao J, Wang ZZ and An XJ. The 
efficacy observation of ulinastatin combined 
with creatine phosphate sodium in pediatric 
viral myocarditis. Eur Rev Med Pharmacol Sci 
2019; 23: 7144-7151.

[22]	 Frustaci A, Alfarano M, Verardo R, Agrati C, Ca-
setti R, Miraldi F, Galea N, Letizia C and Chi-
menti C. Myocarditis-associated necrotizing 
coronary vasculitis: incidence, cause, and out-
come. Eur Heart J 2021; 42: 1609-1617.

[23]	 Sawalha K, Vedala K and Liu E. CK-MB eleva-
tion in mild hypothermia: what we did and we 
should have done. J Investig Med High Impact 
Case Rep 2021; 9: 2324709621995335.

[24]	 Fan J, Ma J, Xia N, Sun L, Li B and Liu H. Clinical 
value of combined detection of CK-MB, MYO, 
cTnI and plasma NT-proBNP in diagnosis of 
acute myocardial infarction. Clin Lab 2017; 63: 
427-433.

[25]	 Kosaraju A, Goyal A, Grigorova Y and Makaryus 
AN. Left ventricular ejection fraction. Stat-
Pearls: Treasure Island (FL); 2022. 

[26]	 Clerico A, Zaninotto M, Padoan A, Masotti S, 
Musetti V, Prontera C, Ndreu R, Zucchelli G, 
Passino C, Migliardi M and Plebani M. Evalua-
tion of analytical performance of immunoas-
say methods for cTnI and cTnT: from theory to 
practice. Adv Clin Chem 2019; 93: 239-262.


