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Abstract: Background: Evidence about COVID-19 on cardiac injury was insufficient. Objectives: To summarize available
data on clinical manifestations of acute cardiac injury during the COVID-19 outbreak. Methods: A systematic literature search
from December 1, 2019 to April, 12, 2020 was made of those databases: Pubmed, Embase, wanfang, CKNI, to identify all
observational studies that reported presentation of cardiac injury, including acute cardiac injury, cardiac symptoms, cardiac
failure, shock, arrhythmia. A random-effects model was used to pool results. Heterogeneity was assessed using I%. Publication
bias was assessed using Egger's test. Results: 3863 confirmed COVID-19 infected patients from 22 studies were included in the
meta-analysis. Among the patients, the incidence rate of acute cardiac injury was 18% [95%CI 12-23], chest pain (4% [95%CI
2-5]), chest distress (31% [95%CI 16—47]), and palpitations (4% [95%CI 0-7]) were the most common clinical symptoms
related to acute cardiac injury. The incidence with heart failure was 22% [95%CI 17-28], the incidence with shock was 9%
[95%CI 3-14], and the incidence with arrhythmia was 13% [95%CI 8—19]. Conclusions: Acute cardiac injury without clinical
symptoms should be paid more attention among the confirmed COVID-19 infected patients. In addition, this highlights the need
to effectively monitor heart health to prevent the cardiac complications (cardiac failure, shock, arrhythmia) in patients infected
with COVID-19.
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analyze the impact of new coronavirus infection on heart

1. Introduction damage.

In December 2019, Wuhan, Hubei first discovered multiple
cases of unexplained pneumonia patients. The World Health 2. Material and Methods
Organization named the virus as the 2019 new coronavirus
pneumonia (COVID-19). Later, the epidemic quickly spread
in China and abroad. Researche.rs have found'that 2019—nCoV A systematic literature search from December 1, 2019 to
belongs to the genus -coronavirus and was highly contagious. April, 12, 2020 was made of those databases: Pubmed,
Its mode of spreading was mainly through respiratory tract
droplets and close contact with people. In addition to the

2.1. Search Strategy

Embase, wanfang, CKNI. Using the following keywords:
. . ; i ; . Wuhan coronavirus, Wuhan seafood market pneumonia virus,
typical respiratory manifestations, some patients with new COVIDI19 virus, COVID-19 virus, coronavirus disease 2019
coronavirus pneumonia also show clinical manifestations of virus, SARS-CoV-2, SARS2, 2019-nCoV, 2019 novel

cardiac .1nV(')l\./ement. In this study, a an:t.a-analym.s of coronavirus, clinical characteristic. Only available data from
myocardial injury symptoms and comorbidities associated published articles were collected.

with new coronavirus infection was conducted to further



137 Mingyan Gong and Jun Guo:

Clinical Manifestations of Myocardial Injury Associated with the 2019

Novel Coronavirus Disease in Chinese Population: A Meta-analysis

2.2. Inclusion and Exclusion Criteria

Inclusion criteria: (i). Research type: Include the original
documents being analyzed for case-control studies and cohort
studies; (ii). Research target: The total number of cases was
greater than 20, and all cased are clearly verified as new
coronavirus pneumonia. Exclusion criteria: (i). The study
population cannot represent a special sample of the general
population; (ii). Repeated report, incomplete information or
logical mistakes;(iii). Types of literature such as summary,
case report, meeting abstract and etc.

2.3. Literature Screening and Quality Evaluation

Read through the title and abstract according to the
established inclusion and exclusion criteria, remove relevant
documents that do not reach the standsards, and then read
through the full text to determine the literature to be included
in the study and place it on the data extraction table prepared
in advance. Cochrane bias risk assessment tool was used to
evaluate the quality of literature. According to the quality
evaluation items of the case series of the National Institute of
Clinical Optimization in the UK: (i). It was the best for the
cases in the case series to be from medical institutions at
different levels, which was conducive to improving the
representativeness of the research results and conducting
multi-center research; (ii). Clearly and accurately describe the
purpose and objectives of the study; (iii). Clarify the inclusion
and exclusion criteria; (iv). Clearly define the outcome of the
measurement; (v). The data collected should reach the
expected goal; (vi). Accurately describe that patients are
continuously recruited; (vii). Clearly and accurately describe
the main findings of the study; (viii). Hierarchical analyze and
report outcomes [1].

2.4. Data Extraction

Formulate a standard data extraction table which mainly
extract the following:(i) Basic information: first author,
follow-up time, sample size, sample source; (ii) patient
information: age, gender; (iii) methodological characteristics:
type of research design, research quality and etc. (iv) Research
results: Hypertension, diabetes, heart disease, cerebrovascular

disease, chest pain, acute myocardial injury, heart failure,
shock, antiarrhythmic and etc. If documents published in the
same unit and the same study at different periods are found,
whether they are included was judged at the same time
according to the respective sample size and influencing factors
of the study (Table 1).

2.5. Statistical Analysis

Statistical analysis was performed by employing the
Statal4.0 analysis software. First, the original rate was
subjected to a double arcsine transformation to ensure it was
conform to the normal distribution, and then Meta analysis
was conducted on the conversion rate. Finally, using the
formula R=(sin (tr / 2)) 2 to convert the results to get the final
rate (R) and its 95%CI. Thel’ test us used to analyze the
heterogeneity of the included studies, and it was obtained that
P> 0.1 was not statistically significant among the studies. If
there was no statistical heterogeneity among the results of the
studies, a fixed effect model was employed for Meta analysis;
if there was statistical heterogeneity among the results of the
studies, subgroup analysis and sensitivity analysis are
employed to explore the source of heterogeneity. After
obvious clinical heterogeneity, a random effect model would
be used for Meta analysis. According to the funnel char and
combining with the Egger’s and Begg’s tests to determine
whether there exists publication bias.

3. Result

3.1. Literature Inclusion

A total of 405 articles were retrieved, among which 63
papers were removed due to repeated retrieval, 288 papers
were eliminated after reading titles and abstracts, 32 papers
were excluded after reading the full text. At the end, a total of
22 articles were included in this Meta-analysis, including
data from 3863 patients. The subjects were Chinese, 13
subjects were in Wuhan, and the remaining 9 subjects were
outside Wuhan. The specific operation flow was shown in
Figure 1. The characteristics of the literature are shown in
Table 1.

Table 1. Baseline characteristics of included studies.

author area f?;izv(vz_:;go) Mean Age No. Patients Female (%) Diabetes (%) Hypertension (%) CHD (%) Iéilizll'iat;ure
Chen [2] chongging 1.1~2.27 46 139 45.3 5.8 7.9 0 7
Xiang [3] jiangxi 1.21~1.27 43 49 32.7 4.1 12.2 0 6
Yun [4] wuhan 1.1~2.15 53 476 43.1 10.3 23.7 8 8
Yang [5] wenzhou 1.17-2.10 45 149 45.6 6 0 18.8 6
Jia [6] qingdao 1.29~2.23 46 44 65.9 0 0 0 6
Mo [7] wuhan 1.1~2.5 54 155 44.5 9.7 23.9 9.7 7
Wau [8] suzhou 1.22~2.14 46 80 51.3 6.3 31.3 31.3 8
Chen [9] wuhan 1.1~2.20 55 99 323 13.1 40.4 40.4 6
Wang [10] wuhan 01.01~01.28 56 138 45.7 10.1 31.2 14.5 7
Xiong [11] wuhan 01.17~02.20 53 89 55.1 15.7 29.2 0 6
Zhang [12] beijing 1.21~2.11 52 74 52.7 4.1 17.6 12.2 6
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author area follow-up Mean Age No. Patients Female (%) Diabetes (%) Hypertension (%) CHD (%) Literature
time (2020) g : & . P & *  Quality
Cao[13] wuhan 1.3~2.1 54 102 47.1 10.8 27.5 4.9 6
Zhou [14] wuhan 12.29~1.31 56 191 37.7 18.8 30.4 7.9 6
Wang [15] wuhan 1.1~2.6 69 339 51 15.9 40.7 15.6 7
Leii[l6] wuhan 1.1~2,5 55 34 58.8 23.5 38.2 20.6 6
Shii[17] wuhan 1.20~2.10 64 416 50.7 14.4 30.5 10.5 7
Guo [18] wuhan 1.23~2.23 58 187 51.3 15 32.6 11.2 7
Li [19] wuhan 1.26-2.5 60 548 49.1 15.1 30.2 6.2 7
Liu [20]  hainan 1.15~2.18 N 54 46.3 7.4 18.5 3.7 6
Qian [21] zhejiang 1.20~2.11 50 91 59.3 8.8 16.5 33 8
Wan [22] chongging 1.23~2.8 47 135 46.7 8.9 9.6 52 8
Chen [23] wuhan 1.13~2.12 62 274 37.6 17.2 33.9 8.4 7
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Figure 1. Flow diagram for selection of studies for inclusion in this meta-analysis.

3.2. Meta Analysis on Acute Myocardial Injury

Patients with COVID-19 infection have an increase and /
or decrease in myocardial injury marker [troponin (¢TNI /
c¢TNT or CK-MB)] exceeding the 99th percentile upper
limit (URL) without clinical evidence of myocardial
ischemia. Moreover, it was likely to be accompanied by
elevated levels of B-type natriuretic peptide (BNP) or
N-terminal pro-B-type natriuretic peptide (NT-proBNP),
which was diagnosed as a new coronavirus
infection-related myocardial injury [6], including 9 reports
[10-17, 19, 20] (A total of 1985 patients) regarding to the
study of acute myocardial injury. Significant statistical
heterogeneity was shown among the studies (I°=87.6%,
P<0.001). The random effect model was being made to

combine with the effect amount for analysis. The results
indicated that the incidence of myocardial injury in patients
with new coronavirus infection was 18%, (95% 1. 0.12,
0.23) (Figure 2A).

3.3. Meta Analysis on Symptoms of Myocardial Injury

Ten studies [2-9, 17, 19] (a total of 2155 patients) were
included to report the symptoms of chest pain related to
myocardial injury associated with novel coronavirus infection.
The results show that the incidence of chest pain in infected
patients was 4% (95%CI: 0.02, 0.05) (Figure 2B). Six studies
[2,5,15,19,21,22] (atotal of 1401 patients) were included
to report the symptoms of chest distress, and the incidence of
chest distress in infected patients was 31% (95%CI: 0.16, 0.47)
(Figure 2C). Three studies [2, 20, 22] ( a total of 394
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patients) were included to report the symptoms of
palpitations, and the incidence of palpitations in infected
patients was 4% (95%CI: 0.00, 0.07) (Figure 2D).

3.4. Meta Analysis on Complications of Myocardial Injury

Three studies [14, 15, 23] on COVID-19 infection with
heart failure are included in the report The random effect
model was being used to analyze the combined effect size.
The results indicate that the incidence rate of new
coronavirus infection patients with heart failure was 22%
(95%CI: 0.17, 0.28) (Figure 3A). Including six studies
[10-13, 15, 23] on the new coronavirus infection combined
with shock, using random effects model combined effect
analysis, the results convey that the incidence of infected
patients with shock was 9% (95%CI: 0.03, 0.14) (Figure
3B). Five studies [10, 12, 13, 15, 16, 18] on new
coronavirus infection combined with arrhythmia are being
included in the study. A random effect model was then
being used to analyze the combined effects and the results
show that the new corona incidence of viral infection
patients with arrhythmia was at 13% (95%CI: 0.08, 0.19)

(Figure 3C).
3.5. Analysis on Sensitivity and Subgroup

Heterogeneity analysis was performed on acute myocardial
injury with high heterogeneity, and the statistics were being
combined after excluding each study in turn. The results
indicate that there are no directional changes, suggesting that
the results were more stable (Figure 4B). A subgroup analysis
of the study age of myocardial injury reveals significant
heterogeneity in 5 studies over 55 years of age, and no
significant statistical heterogeneity in 5 studies under 55 years
of age (Figure 4A), showing the age of patients was a
relatively important factor in this result for heterogeneity.

3.6. Publication Bias

The funnel chart of myocardial injury show that the left and
right distribution symmetry of each study site do not reach the
expectation (Figure 4C), but the P value of the Begg's was
0.371 (Figure 4D), suggesting that there was little possibility
of publication bias happening in the studies.
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Figure 2. Forest plot of the prevalence of cardiac injury and cardiac symptoms in patients with COVID-19. Weights were calculated from binary random-effects
model analysis. (A. acute cardiac injury. B. chest pain. C. chest distress. D. palpitations). CI=confidence interval, COVID-19=Corona Virus Disease 2019.
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Figure 3. Forest plot of the incidence of complications in patients with COVID-19. (4. cardiac failure. B. shock. C. arrhythmia).
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Figure 4. A. Forest plot of subgroup analysis of acute cardiac injury. B. Sensitivity analysis of acute cardiac injury C. Funnel-plot analysis showing
asymmetrical funnel plot for acute cardiac injury. D Begg's funnel plot of acute cardiac injury.

4. Discussion

Novel coronavirus still of international concern, Various
epidemiological studies have shown that severe patients
infected with 2019 novel coronavirus have underlying
Diseases, such as hypertension diabetes and coronary heart
Disease, those patients are in a more dangerous state and have
a higher risk of death, suggesting SARS-CoV-2 infection does
not only cause myocardial damage, but also may lead to
exacerbations of the cardiovascular Disease [24]. COVID-19
and vascular events, vascular dseases are strongly intertwined.
An increased risk of vascular events has been observed in
COVID-19 patients.

Also, a higher rate of infection with COVID-19, severe
COVID-19 and bad outcome has been found in patients with
pre-existing vascular dseases. Possible mechanism of
myocardial damage caused by SARS-CoV-2: comprising
direct viral myocardial damage, down-regulation of ACE2,
immune injury and inflammatory storm, imbalance of oxygen

supply and demand, drug-induced injury, acute stress,
endogenous catecholamine adrenergic status and so on [25].
Heart palpitations, chest tightness, chest pain, difficulty
breathing in severe cases, and even lead to heart failure,
cardiac arrest, cardiogenic shock [26, 27].

The research includes a total of number of 3863 patients
in 22 studies. The meta-analysis results show that the
incidence of myocardial injury in patients with an average
age of 55 years or less in new coronavirus infection was 12%
which was different from the meta-analysis of people such
as Li B [24], showing at least 10.0% of COVID-19 patients
suffer acute heart injury. It was considered that this analysis
includes only two studies in the early stage of the outbreak,
suggesting that as patients’ age and the prolonged duration
of the outbreak significantly increases, the probability of
myocardial injury would also increase. This study also
reveals that the incidence of chest pain in patients with new
coronavirus infection was 4%, however, the incidence of
chest distress was 31%, There shows significant statistical
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heterogeneity among the studies (1’=98.3%, P<0.001). We
considered that the symptoms of chest distress are not
specific to acute myocardial injury associated with
COVID-19 infected, some patients with a history of chronic
respiratory dseases and those wear surgical masks also
cause chest distress. myocardial damage without symptoms
of myocardial injury should be highly vigilant in the course
of infection.

On the other hand, early diagnosis can be puzzled in the
COVID-19 infection patients with chronic cardiac condition,
once the most frequent symptoms, like fatigue, dyspnea, and
cough can also be manifestations of heart failure.
Subsequently, the National Health Commission of China
(NHC) reported that cardiovascular symptoms were the first
presentation among the some COVID-19 infection confirmed
cases. It was noteworthy that rapid diagnosis and appropriate
monitoring seem however to improve prognosis.
Unfortunately, due to laboratory testing and standardization
was not uniform, the lack of detailed data of abnormal cardiac
biomarkers, such as Troponin I or T, CK-MB, meant that this
part of meta-analysis could not be undertaken.

Arrhythmia could be the first presentation of COVID-19,
and progressive and/or new-onset arrthythmia could indicate
cardiac injury. This study reveals that palpitations in patients
with new coronavirus infection was 4%, however, the
incidence of arrhythmia in patients with new coronavirus
infection was 13%, But unfortunately, all studies did not
specifically describe the type of arrhythmia, and cases of
tachycardia caused by high fever cannot be ruled out.
Therefore probability of occurrence in the course of that
arrhythmia was caused by new coronavirus infection was
overestimated. Besides, hypoxemia caused by COVID-19 can
trigger atrial fibrillation, which was the most common
arrhythmia among elderly patients frequently complicated
with a series of basic dseases. Influenza and the exacerbation
of ischemia by increased oxygen demand can also play a role
in the increase of arrhythmic events among patients with
underlying ischemic cardiomyopathy [28]. Last but no least,
medical treatement, such as chloroquine, azithromycin, were
known to cause cardiovascular side effects including
prolongation of QT interval.

SARS-CoV2 infection was supposed to be the main driver
of heart failure in cardiovascular dseases with COVID-19.
Most current studies have shown that patients with
cardiovascular underlying Diseases are associated with
significantly increased morbidity and mortality [24]. However,
there have also been reports of severe cardiac dysfunction
caused by viral myocarditis during the course of previous
healthy crown patients [27]. This meta-analysis of
complications with COVID-19 shows that the probability of
cardiac failure was 22%. Three articles included in this
meta-analysis show that the study object was with severe
manifestations or a part of them have died from COVID-19
infection. This trend underlines the need to considerate the
influence of SARS-CoV2 infection on the cardiovascular
system and hemodynamic considerations in patients. The
meta-analysis indicates that the incidence of combined shock

was 9%, excluding paper such as Chen [23], the heterogeneity
decreased, considering that the study object were severe
COVID-19 patients with a high mortality rate. Furthermore,
these studies did not distinguish cardiogenic shock from septic
shock.

This study was also associated with some limitations: (i)
There may be a publication bias; only four out of the 22
studies included are multi-center studies whereas the others
are single-center studies, and the source of the study was
mostly from Wuhan so there may exist admission bias
movement and select offset. (i) Most of the included studies
are small sample studies so that the testing efficiency may be
insufficient. (iii) The patient's course of Disease and the
severity of the Disease are inconsistent, which may lead to
clinical heterogeneity. (iv) The included studies are all
retrospective  studies and therefore the influence of
confounding factors could not be controlled.

5. Conclusion

COVID-19 interacts with the cardiovascular system at
various levels and has caused direct and indirect damage.
Acute cardiac injury in patients hospitalized with COVID-19
is associated with higher morbidity and mortality. When a
cardiac patient is presenting with fever or other symptoms of
infection, a comprehensive evaluation has to be performed.
However, acute cardiac injury without clinical symptoms
should be paid more attention. In addition. It highlights the
need to effectively monitor heart health to prevent the cardiac
complications (cardiac failure, shock, arrhythmia) in patients
infected with COVID-19.
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