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ABSTRACT
2019 novel coronavirus disease (COVID-19) is caused by the infection of severe acute 
respiratory syndrome novel coronavirus (SARS-CoV-2). It is characterized by substantial 
respiratory symptoms and complicated with widespread other organ injuries. Cardiovascular 
impairment is one of the notable extrapulmonary manifestations, in terms of the deterioration 
of pre-existing cardiovascular diseases and newly onset acute events. We hereby review 
the high-quality reports about cardiovascular involvement in COVID-19 and summarize the 
main clinical characteristics of cardiac relevance for the all the first line clinical physicians. 
Additionally, the possible underlying mechanisms and the rationale for the application of specific 
medications, such as renin-angiotensin-aldosterone system inhibitors and hydroxychloroquine 
are also discussed.
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INTRODUCTION

In late December 2019, a novel virus, 
named as severe acute respiratory syndrome 
novel coronavirus (SARS-CoV-2), caused a 
worldwide pandemic that has affect billions 
of  lives.[1-3]. Until now, more than 86,000,000 
individuals have been confirmed as 2019 
novel coronavirus disease (COVID-19) 
patients as of  January 06, 2021, and this 
virus has contributed to around 3% of  
deaths (https://www.cdc.gov). Compared 
with other coronaviruses, such as severe 
acute respiratory syndrome (SARS) and 
Middle East Respiratory Coronavirus 
(MERS), COVID-19 seems to have lower 
mortality, but its basic reproduction number 
is up to 2.0–2.5.[4] Based on the existing 
knowledge, it is not only a pneumonia, but 
actually is systemic disease, and the heart 
appears to be one of  the most frequently 
and critically injured extrapulmonary 
organs.[5, 6] Patients who were older than 
60 years old and complicated with more 
cardiovascular commodities had a higher 
fatality risk than young patients with less 
cardiovascular disease.[7] Currently, studies 

on the association of  the cardiovascular 
system with COVID-19 are rapidly 
increasing,[8-11] while a comprehensive 
review of  the recent advance is limited. 
The spread of  SARS-CoV-2 was still 
not eliminated and may cause another 
large-scale explosion. Therefore, a better 
understanding of  the underlying mechanism 
of  cardiovascular complications and clinical 
manifestation of  COVID-19 is still needed. 
In the current review, we intended to 
discuss the latest findings of  cardiovascular 
involvement in COVID-19 patients and its 
possible mechanism.

THE BIOLOGICAL 
CHARACTERISTICS OF 
SARS-COV-2 AND ITS 
THERAPEUTIC TARGETS

Since the outbreak of  COVID-19, the 
sequence of  SARS-CoV-2 has been decoded 
by whole genomic sequencing, and the viral 
protein structure has been well analyzed.[12, 13] 
SARS-CoV-2 is a positive-sense and single-
stranded enveloped RNA virus, belonging 
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to beta-coronaviruses.[14] The length of  the genome of  
SARS-Cov-2 is approximately 30kb and contains 24–27 
coding genes.[15] It has a crown-like structure and consists 
of  four structural proteins, including spike (S), envelope (E), 
membrane (M), and nucleocapsid (N). Among them, the 
N protein surrounded the viral RNA and the S protein is 
a crucial structural protein that can attach the angiotensin-
converting enzyme 2 (ACE2) receptor. After the virus 
enters the human body, dominantly via respiratory tract 
inspiration, the subunit S1 of  the S protein binds to its 
receptor ACE2, and then the S protein was primed by the 
transmembrane serine protease 2 (TMPRSS2); thereafter, 
the viral membrane is fused with the host cell’s membrane 
to enter the cytoplasm and thus finish invasion process 
into the host cell.[16] The high expression of  ACE2 in tissue 
was considered one of  the main reasons for tissue-specific 
injury.[17] Previous studies have shown that ACE2 is highly 
expressed in heart tissues, especially in pericyte cells.[18]  
Of  note, in animal models, the administration of  the 
renin–angiotensin–aldosterone system (RAAS) inhibitors 
could upregulate the expression of  ACE2.[19] However, 
RAAS inhibitors, including angiotensin-converting 
enzyme inhibitor (ACEI) and angiotensin II receptor 
blockers (ARBS), are frequently used to treat patients with 
hypertension, coronary heart diseases, and heart failure. 
There is a wide concern about the bad or benefit of  
RAAS inhibitors in COVID-19 patients. A comprehensive 
review of  the association of  RAAS inhibitors on the 
pathophysiology of  COVID-19 has been well discussed 
elsewhere.[20] Taken together, a beneficial role of  RAAS 
inhibitors on COVID-19 patients can be observed in most 
studies. Especially, a recent study conducted by Chen et 
al. investigated the association of  the mortality with the 
pre-hospitalization use of  RAAS inhibitors in COVID-19 
patients.[21] They revealed that COVID-19 patients could 
benefit from the pre-hospitalization use of  RAAS inhibitors, 
and the mechanism underlying this benefit may come from 
the reduced inflammatory response after the administration 
of  RAAS inhibitors in patients with COVID-19.

Besides, the S protein of  SARS-CoV-2 also can be 
primed in endosomal by the endosomal cathepsin L and 
cysteine proteases cathepsin B, and then enters into the 
cytoplasm. Researchers have reported that the endosomal 
pathway can be inhibited by hydroxychloroquine, a 
lysosomotropic agent.[22, 23] In an early study,[24] investigators 
use hydroxychloroquine combined with azithromycin to 
test its efficiency in decreasing the viral load of  SARS-
CoV-2. Surprisingly, the SARS-CoV-2 was significantly 
inhibited after hydroxychloroquine application. Also, a 
retrospective study conducted by Yu et al. found that the 
application of  hydroxychloroquine can effectively lower 
the in-hospital mortality of  COVID-19 patients, compared 
with those without hydroxychloroquine treatment during 

hospitalization.[25] Moreover, in COVID-19 patients with 
hydroxychloroquine treatment, their biomarker levels of  
organ injury, such as liver (albumin), heart (high-sensitivity 
cardiac troponin I, hs-cTnI), inflammation (interleukin-6, 
IL-6) are lower than those without hydroxychloroquine 
treatment.[26] Likewise, Arshad et al. reported that 
COVID-19 patients in hydroxychloroquine-treated patients 
had lower mortality than those in non-hydroxychloroquine 
group.[27] However, other studies showed that there is 
no significant difference in the rate of  in-hospital death 
between the hydroxychloroquine treatment group and 
no hydroxychloroquine treatment group.[28, 29] The reason 
for these may be that in different studies, the dose and 
the duration of  the application of  hydroxychloroquine in 
treating patients are diverse.

PRE-CARDIOVASCULAR DISEASES IN 
COVID-19 PATIENTS

COVID-19 patients were often complicated with 
cardiovascular comorbidities, such as hypertension, 
coronary heart disease, and diabetes.[30-33] The studies 
describing the baseline characteristics of  COVID-19 
patients has shown similar features. An early description 
of  138 COVID-19 patients revealed that 14.5% of  
patients had cardiovascular commodities.[31] The most 
common cardiovascular disease is hypertension with 
approximately 31.2% of  patients. Moreover, a higher 
prevalence of  cardiovascular disease is associated with 
a higher risk of  progressing into critically ill. Similarly, 
the high prevalence of  cardiovascular comorbidities was 
confirmed in the study by our team.[34] We demonstrate 
that the rate of  presenting hypertension is 34.2%, 
coronary heart disease is 8.8%, and diabetes is 14.1%. 
Also, patients who had cardiovascular complications are 
more likely to progress into critically ill status. When 
patients were divided into three groups, the patients in the 
critically ill group had a high incidence of  cardiovascular 
disease. However, compared with critically ill survivors, 
critically ill deaths did not show a high prevalence of  
hypertension, coronary heart disease, and diabetes. 
Another multicenter study included 1,099 hospitalized 
COVID-19 patients indicated that the fatality rate of  
patients with cardiovascular commodities was 17.6%.[35] 
Of  these, 15.0% patients has hypertension, 7.4% diabetes, 
and 2.5% coronary heart disease. Similar features of  
cardiovascular comorbidities in COVID-19 patients were 
also observed in other countries, except for China.[36-38]  
A retrospective study involving 393 Caucasian patients 
with COVID-19 reported that 50.1% of  patients had a 
history of  hypertension, 25.2% had a history of  diabetes, 
and 13.7% had a history of  coronary heart disease.[36] Also, 
in an Italy study report, the prevalence of  cardiovascular 
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comorbidities showed a similar trend.[39] Up to 49.0% of  
patients had hypertension, 17.0% of  patients had diabetes, 
18.0% of  patients had hypercholesterolemia, and an overall 
2.1% of  patients had cardiomyopathy/heart failure. Thus, 
comorbidities of  cardiovascular diseases are very common 
and leads to high risk of  critical illness and death.

CARDIOVASCULAR COMPLICATIONS 
IN COVID-19 PATIENTS

The predominant clinical presentation of  COVID-19 
patients is bilateral pneumonia, but other cardiovascular 
complications, including myocardial injury, heart failure, 
arrhythmia, acute coronary syndrome (ACS), thrombus 
or coagulopathy, can also occur in COVID-19 patients 
(Figure 1). Furthermore, cardiovascular involvements are 
very common seen in COVID-19 patients (Table 1). 

Myocardial injury
In most of  the studies, the degree of  myocardial injury was 
evaluated by the level of  hs-cTnI.[40, 41] The levels of  hs-cTnI 
have been confirmed as an independent risk factor of  poor 
prognosis in COVID-19 patients.[11] In a report involving 
671 severe COVID-19 patients, 15.8% of  patients were 
found to have a myocardial injury.[10] A subsequent study of  
311 patients showed that myocardial injury was associated 
with a 17.66-fold increase of  in-hospital mortality. In 
another report of  2068 COVID-19 patients in Wuhan, a 
total of  181 patients (8.8%) had elevated hs-cTnI levels.[34]  
Compared with critically ill patients, non-critically ill 

patients had a lower level of  hs-cTnI and lower incidence 
of  hs-cTnI elevation. In non-critically ill patients, only 
2.3% of  patients were presented with a high hs-cTnI level. 
For most of  non-critically ill patients, their myocardial 
biomarkers, including hs-cTnI, creatine kinase-MB 
(CK-MB) and NT-ProBNP, were within a normal range. 
However, in critically ill patients, the levels of  myocardial 
biomarkers are significantly elevated. For critically ill 
patients, 30.3% of  patients had elevated hs-cTnI level on 
admission, 93.8% of  patients had elevated NT-proBNP 
level on admission, 11.1% of  patients had elevated 
CK-MB level on admission, and 39.2% of  patients had 
elevated myoglobin (Mb) level on admission. Compared 
with critically ill survivors, critically ill deaths had a higher 
level of  hs-cTnI level at admission and throughout 
hospitalization. Moreover, the level of  hs-cTnI and other 
myocardial biomarkers decreased on the third day after 
admission in critically ill survivors. Among critically ill 
deaths, the levels of  myocardial biomarkers, especially 
for hs-cTnI level, continuously increase during the whole 
hospitalization. In this study, one per standard deviation 
(SD) increase of  hs-cTnI on admission was associated 
with 1.31-fold risk of  in-hospital mortality. After adjusted 
for baseline characteristics, the level of  hs-cTnI was 
still independently associated with increased in-hospital 
mortality.

Acute coronary syndrome
In most of  the COVID-19 patients, they were presented 
with fever, dyspnea, and diarrhea on admission, but some 

Figure 1: Cardiovascular involvements during the infection of SARS-CoV-2 caused by direct damage, indirect damage, and aggravated by the existence of pre-cardiovascular 
diseases
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patients did not have the above symptoms when they 
were admitted to the hospital. For those without typical 
symptoms, chest pain is one of  the initial symptoms. A 
report from Italy involving 28 COVID-19 patients with 
ST-segment elevation showed that 17 of  patients need 
revascularization. More importantly, in 85.7% of  patients 
(24/28), the first clinical symptoms was chest pain.[42] In 
the study from Li et al., 3.1% of  patients were presented 
with chest pain, although the incidence of  chest pain in 
non-critically ill patients was not different from critically 

ill patients.[34] The comparison of  the incidence of  ACS 
between COVID-19 period and pre-COVID-19 period 
has shown that the rate of  hospitalization for ACS and 
percutaneous coronary intervention decrease with a 
38%–48% reduction in Italy.[43, 44] However, the incidence 
of  ACS is underestimated. Due to the limited medical 
sources, very few patients take the examination of  coronary 
angiography. Electrocardiogram (ECG) is, therefore, the 
most used technique to assess the degree of  myocardial 
ischemia during COVID-19 outbreak. In the study from a 

Table 1: Cardiovascular involvements in patients with COVD-19

Reference Race Study participants No. of patients Prevalence

Pre-cardiovascular diseases

Hypertension 31 Chinese COVID-19 138 31.2%

34 Chinese COVID-19 2068 34.2%

35 Chinese COVID-19 1,099 15.0%

36 Caucasian COVID-19 393 50.1%

39 Caucasian COVID-19 1,591 49.0%

Coronary heart disease 34 Chinese COVID-19 2,068 8.8%

35 Chinese COVID-19 1,099 2.5%

36 Caucasian COVID-19 393 13.7%

Diabetes 34 Chinese COVID-19 2,068 14.1%

35 Chinese COVID-19 1,099 7.4%

36 Caucasian COVID-19 393 25.2%

39 Caucasian COVID-19 1,591 17.0%

Cardiovascular complications

Myocardial injury 10 Chinese COVID-19 671 15.8%

34 Chinese COVID-19 2,068 8.8%

Acute coronary syndrome 42 Caucasian COVID-19 with ST-segment elevation 28 85.7%

34 Chinese COVID-19 2,068 0.2%

Heart failure 45 Chinese COVID-19 799 49.0%

45 Chinese Died COVID-19 113 85.0%

34 Chinese COVID-19 2,068 64.3%

Arrhythmia 31 Chinese COVID-19 138 16.7%

31 Chinese COVID-19 in intensive care unit 36 44.4%

31 Chinese COVID-19 in non-intensive care unit 102 6.9%

34 Chinese COVID-19 with elevated hs-cTnI 227 47.1%

34 Chinese COVID-19 without elevated hs-cTnI 249 12.4%

Coagulopathy 35 Chinese COVID-19 1,099 46.4%

7 Chinese COVID-19 191 42.0%

34 Chinese COVID-19 2,068 58.6%

Myocarditis - - - - -

COVID-19: 2019 novel coronavirus disease; hs-cTnI: high sensitivity cardiac troponin I.
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Wuhan single-center, 22 patients performed ECG, and 14 
of  them had T-wave depression and inversion, ST-segment 
depression, or Q waves.[41] In our study, the results showed 
that 118 patients had the findings of  ECG. The elevation/
depression of  ST segment accounted for 72.5%. Only 
three patients were diagnosed with myocardial infarction 
by coronary angiography.[34] The mechanism of  ACS 
underlying COVID-19 patients is suspected to result from 
systemic inflammation and cytokine storm that induced 
plaque rupture, microthrombosis, and coronary spasm.

Heart failure
Heart failure is one of  the most common causes of  death 
in COVID-19 patients. According to a report from Tongji 
hospital including 799 COVID-19 patients, they observed 
that 49.0% patients had an elevation of  NT-proBNP (the 
cutoff  was 285 pg/mL).[45] In dead COVID-19 patients, 
this proportion increased to 85%. Similarly, the high 
incidence of  NT-proBNP elevation was confirmed in 
another study that enrolled 2,068 patients.[34] In this study, 
more than 64.3% of  patients had elevated NT-proBNP on 
admission (the cutoff  was 62.9 pg/mL). Especially, critically 
ill patients had a higher incidence of  NT-proBNP elevation 
and NT-proBNP level, compared with non-critically ill 
patients. On the third day, the level and the elevated rate 
of  NT-proBNP started to decrease to the normal range. 
Besides, the level of  NT-proBNP is positively correlated 
with the level of  inflammation biomarkers, such as IL-6, 
C-reactive protein (CRP), and interleukin-8 (IL-8), which 
showed an association of  systemic inflammation with 
the incidence of  heart failure. However, the application 
of  echocardiography to evaluate the cardiac function of  
patients with elevated NT-proBNP is not feasible during the 
outbreak of  COVID-19. Therefore, whether the elevation 
of  NT-proBNP is due to heart failure or hypoxia is not 
easy to differentiate. However, in a case series involving 
100 patients with echocardiography examination,[46] the 
findings showed that 39% patients had right ventricular 
dilatation and dysfunction, 16% of  patients had left 
ventricular diastolic dysfunction, and 10% patients had left 
ventricular systolic dysfunction. The reasons for the high 
incidence of  heart failure is still unknown. However, given 
that most of  COVID-19 patients were older than 60 years 
old and complicated with cardiovascular comorbidities. 
Heart failure may be triggered by high fever, arrhythmia, 
and systemic inflammation. Additionally, acute myocardial 
injury can exacerbate pre-existing cardiovascular disease 
and induce heart failure. On the other hand, due to the 
overactivation of  the immune system, stress-induced 
cardiomyopathy, or cytokine storm-induced myocardial 
dysfunction (inflammatory cardiomyopathy), sepsis-related 
cardiac dysfunction are also the possible mechanisms for 
the incidence of  heart failure or cardiac dysfunction. 

Arrhythmia
Arrhythmia is a common clinical cardiovascular 
manifestation in COVID-19 patients. In the early report 
involving 138 patients, 16.7% of  patients had arrhythmias.[31]  
In hospitalized patients in the intensive care unit (ICU), 
the incidence of  arrhythmias is 44.4%, which was higher 
than non-ICU patients (6.9%). But, the specific type of  
arrhythmia in this study was not pointed out. Besides, 
palpitation is also one of  the frequent clinical presentation, 
except for fever and cough, although the rate of  palpitation 
was not significantly different between critically ill 
patients and non-critically ill patients.[31] Moreover, the 
incidence of  arrhythmias is associated with the degree 
of  myocardial injury.[34] A study with 2,068 COVID-19 
patients demonstrates that the incidence of  arrhythmia 
is higher in COVID-19 patients with elevated hs-cTnI 
on admission, compared with patients without elevated 
hs-cTnI admission. This association was still consistent 
when patients were stratified according to the hs-cTnI level 
during hospitalization. In patients with elevated hs-cTnI 
during hospitalization, the rate of  arrhythmia was 47.1%. 
However, the rate of  arrhythmias was 12.4% in patients 
without elevated hs-cTnI during hospitalization, suggesting 
some cardiac injury cannot be evident by its biomarkers 
such as hs-cTnI and NT-ProBNP. In this study, the types 
of  arrhythmias were specified, including ventricular 
tachycardia, supraventricular tachycardia, atrial fibrillation, 
atrial flutter, second-degree (type 2) or third-degree 
atrioventricular block, and sick sinus syndrome. Except 
of  rhythm disturbance, cardiac arrest also frequently 
occurred in COVID-19 patients. In 2,068 patients, 77 
patients had experienced cardiac arrest. Importantly, cardiac 
arrest occurred only in critically ill patients. In critically ill 
victims, 1.7% of  patients was cardiac arrest survivors. For 
critically ill deaths, the incidence rate of  cardiac arrest was 
significantly increased. However, the real association of  
arrhythmia and COVID-19 remains unclear. The etiology 
of  arrhythmia in COVID-19 patients can be multi-factor. 
For example, myocardial injury, sepsis, cytokine storm, 
systemic inflammation, and other application of  antiviral 
and antibiotic medications.   

Coagulopathy
Coagulopathy is disorders in coagulation function. 
Hypercoagulation is also frequently observed in COVID-19 
patients. A study reported that the elevated D-dimer level on 
admission was associated with a worse clinical outcome.[47]  
If  the cutoff  value is 0.5 ug/mL,[35] 46.4% of  patients 
had elevated D-dimer level, and 42.0% of  patients had 
elevated D-dimer level in another study if  the cut-off  value 
was set to 1.0 ug/mL7. In the report of  Tongji hospital, 
critically ill patients had a higher rate of  hypercoagulation, 
indicated by elevated D-dimer, fibrinogen (Fbg), and 
international normalized ratio (INR). In a total of  2,068 
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patients, 58.6% of  patients had elevated D-dimer, 58.0% 
patients had elevated Fbg (the cut-off  value was 4.0 g/L), 
and 10.0% patients had abnormal INR (normal range 
0.8–1.2). The rate of  hypercoagulation was significantly 
increased in critically ill patients. In critically ill survivors, 
the median level of  D-dimer on admission was 2 ug/mL, 
but decreased on the third day after admission. For critically 
ill deaths, the level of  D-dimer attained to the peak on the 
seventh day. Except for the level of  D-dimer, the level of  
platelet and prothrombin time are also the indicators of  
coagulation abnormalities. A study of  41 patients with 
COVID-19 from Wuhan observed a reduction of  platelet 
counts and prolongation of  prothrombin time, although 
the changes were modest.[30] In this report, the rate of  a 
low platelet count was 5%, and the time of  prothrombin 
time was 11.1s in non-ICU patients; by contrast, the 
time of  prothrombin time was 11.2 non-ICU patients. 
Consistently, another retrospective research studying liver 
dysfunction in COVID-19 patients also observed a modest 
but significant prolongation of  prothrombin time.[48] Thus, 
these retrospective data showed that hypercoagulation and 
also thrombosis, including microthrombosis, is a common 
complication in COVID-19 patients. Importantly, the level 
of  D-dimer is independently associated with increased 
in-hospital mortality.[34] The findings showed that 1 per 
SD increase in the level of  D-dimer on admission 1.48-
fold increase in the risk for in-hospital death, and 1 per 
SD increase in the level of  D-dimer on the third day after 
admission was associated with 2.71 hazard ratio for in-
hospital mortality, and 1 per SD increase in the level of  
D-dimer on the >14th day after admission was associated 
with a 3.05-fold risk for in-hospital mortality.[34] When the 
dead patients were divided into two groups: deaths less than 
7 days and deaths more than 7 days, similar observations 
were found that those who died within 7 days had a higher 
level of  D-dimer, Fbg, and INR than those who died 
after 7 days. These suggested that the hypercoagulation 
status promoted the progression of  COVID-19. For the 
investigation of  the mechanism of  hypercoagulation is still 
limited. However, in the study from Wuhan assessing the 
longitude dynamic changes of  inflammation biomarkers 
and coagulation biomarkers, we found significant positive 
correlations of  the level D-dimer, Fbg, INR, and the 
level of  IL-6, CRP, which partially implied a systemic 
inflammation-inducing the hypercoagulation status. 
Another hypothesis is that some medications, such as 
antiviral drug, can arise hypercoagulation status.  

Besides, venous thromboembolism was also commonly 
observed in COVID-19 patients.[49] A report studying 
COVID-19 patients by echocardiography showed that deep 
vein thrombosis and pulmonary embolism were found 
in COVID-19 patients.[50, 51] An autopsy study involving 
12 patients revealed that seven of  patients had deep 

vein thrombosis, and four of  patients had a pulmonary 
embolism, but they were all not suspected as patients with 
venous thromboembolism before death.[49, 52, 53] These 
implied that venous thromboembolism is a pivotal factor 
contributing to the death in COVID-19 patients, but it is 
not easy to be identified during the infection of  COVID-19.

Given that most of  COVID-19 patients were under 
hypercoagulation status. The efficiency of  the anticoagulation 
drugs in treating COVID-19 patients is of  interest to 
investigators. A retrospective study of  449 COVID-19 
patients showed a reduction of  in-hospital mortality after 
application of  prophylactic heparin.[54] The in-hospital 
mortality was 40.0% in patients with prophylactic heparin 
treatment group with sepsis-induced coagulopathy score 
≥4, which was significantly lower than the mortality in 
patients without the prophylactic heparin treatment group 
with ≥4 (64.2%; p=0.029). However, in another study 
involving 2,773 patients, 28% of  patients were treated with 
the anticoagulation drug.[55] The overall in-hospital mortality 
was not significantly different between those treated with the 
anticoagulation drug and those without the anticoagulation 
drug. But, a prolongation of  median survival time was 
observed in patients treated with the anticoagulation drug. 
The survival time was 21 days in patients with treatment 
of  anticoagulation drug, which significantly longer than 14 
days in patients without anticoagulation drug treatment. 
In the study involving 2,068 COVID-19 patients,[34] 16.8% 
of  patients received anticoagulation treatment during 
hospitalization. Of  them, critically ill patients were more 
often treated with the anticoagulation drug than non-
critically ill patients. However, among critically ill patients, 
the proportion of  application of  anticoagulation drug 
was 53.6% in critically ill survivors and 55.2% in critically 
ill deaths. No significant efficiency of  the application 
of  anticoagulation drugs on in-hospital mortality was 
observed in critically ill patients. In this study, the type 
of  anticoagulation drug includes dabigatran, heparin, 
warfarin, rivaroxaban, and sulodexide. However, the 
potential confounding factors and the indications of  the 
anticoagulation drug were not clarified in these studies. In 
future studies, the dose, the administration time, and the type 
of  anticoagulation drug should be analyzed. Alternatively, 
prospective, double, randomized trials are encouraged to 
prospectively evaluate the efficiency of  the anticoagulation 
drug in COVID-19 patients.

Myocarditis
Whether patients with elevated hs-cTnI level results from 
myocarditis is unclear. Given that few COVID-19 patients 
received echocardiography or magnetic resonance imaging 
(MRI) examination during the outbreak of  COVID-19. 
According to the data from a retrospective study involving 
112 COVID-19 patients, 37.5% of  patients had an elevation 
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of  hs-cTnI, but there were no significant abnormalities in 
segmental wall motion and left ventricular ejection fraction 
on echocardiography.[56] In the study of  2,068 COVID-19 
patients from Wuhan,[34] 49 of  patients were examined by 
echocardiography. In COVID-19 patients, 10.2% of  patients 
had reduced left ventricular ejection fraction (LVEF<40%), 
and 25.8% of  patients had pericardial effusion. As a limited 
sample size, the comparisons between groups cannot 
be achieved. However, this evidence suggests a nature 
that myocardial injury may mostly result from systemic 
inflammation rather than the direct injury of  SARS-
CoV-2. Nevertheless, some sporadic cases reported that 
COVID-19 patients had typical symptoms of  myocarditis. 
In a case report,[57] a 53-year-old female admitted to the 
hospital presented with elevated myocardial biomarkers 
and elevated ST segment on the ECG. Echocardiography 
showed a significant reduction in LVEF. MRI thereafter 
also confirmed the diagnosis of  acute myocarditis. A similar 
case was also reported by another team.[58] They successfully 
saved COVID-19 patients with fulminant myocarditis by 
applying methylprednisolone. But, the supportive evidence 
for direct myocardial injury from histology is still limited. 
In an autopay of  COVID-19 patients, there was no 
obvious evidence showing a direct impairment on heart, 
although this patient died because of  cardiac arrest.[59]  
But investigators found coronavirus particles and viral 
RNA from another endomyocardial biopsy of  COVID-19 
patients.[60] Overall, there is no strong evidence support 
that myocarditis is the main consequence of  the direct 
myocardial injury of  SARS-CoV-2. It is more likely to be a 
secondary consequence of  systemic inflammation.

OTHER RELATED VASCULAR 
DISEASES

For COVID-19 patients, they were also complicated with 
other vascular diseases, such as diabetes mellitus and kidney 
diseases. In a recent report conducted by Yu et al., the 
researchers showed that about 20.8% hospitalized patients 
with COVID-19 had a history of  diabetes mellitus.[61] Of  
the all T2DM patients, 229/689 (33.2%) patients were 
newly diagnosed. Among patients with diabetes mellitus, 
the levels of  fasting glucose ranging from 3.9 to 10.0 
mmol/L were associated with lower in-hospital mortality.[62] 
Furthermore, increasing evidence suggested that the use of  
metformin did not increase the rate of  death.[63] However, 
the application of  insulin might worse the clinical outcome, 
and the mechanism linking this association may arise 
from the aggravation of  cytokines storm.[61] Accordingly, 
patients with COVID-19 and diabetes mellitus should be 
treated with insulin with caution. Nevertheless, the optimal 
management in COVID-19 patients with diabetes mellitus 
is needed to be further investigated. 

On the other hand, although the prevalence of  prior 
kidney disease in COVID-19 patients is rare, the incident 
acute kidney injuries are not uncommon. A pooled study 
indicated that the incidence of  acute kidney injuries in all 
COVID-19 patients was 6.5%, and this rate was higher in 
critically ill patients (32.5%).[64] Because ACE2 receptors are 
not only widely expressed in the respiratory tract but also in 
other epithelial cells, such as epithelial apical brush borders 
of  the proximal renal tubules and podocytes, SARS-CoV-2 
could utilize ACE2 to enter into the cells, resulting in the 
occurrence of  renal injury.[65] Meanwhile, the systemic 
cytokine storm, ischemia, and other risk factors are also 
responsible for the pathogenesis of  acute kidney disease.[66]  
More attention on short- and long-term renal recovery 
associated with acute kidney disease is needed. 

CONCLUSIONS

The cardiovascular manifestation caused by COVID-19 has 
been appreciated, except for the pulmonary complications 
of  SARS-CoV-2. COVID-19 patients with pre-existing 
cardiovascular disease or new-onset myocardial injury 
had a poor prognosis. Therefore, monitoring the 
cardiovascular system, including the measurement of  
biomarkers of  myocardial injury and cardiac function 
(hs-cTnI and NT-ProBNP), electrocardiograph, and 
echocardiography or MRI during SARS-CoV-2 infection 
is of  importance. Deep analysis of  echocardiography will 
more sensitively find cardiac injury.[52, 67] More importantly, 
it is urgent for scientists to identify more cardioprotective 
drugs, including RAAS inhibitors, β-receptor blockade, 
and statins[21, 34, 68] in treating COVID-19 patients in the 
future.   
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