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Abstract
Introduction: Right ventricle (RV) size and function are 
important for the prognosis of patients with various forms of 
cardiovascular disease. The right heart differs from the left 
in terms of anatomy and physiology. COVID-19 may present 
with cardiac manifestations including myocardial injury, heart 
failure and cardiac arrhythmias. In Chinese experience, 
patients with cardiovascular disease (CVD) have case fatality 
rate (CFR) is 10.5%. Proposed mechanisms of myocardial 
injury included impaired physiologic reserve (cardiovascular 
and pulmonary), impaired immune response, augmented 
inflammatory response, vulnerability to SARS-CoV-2-
induced endothelial dysfunction, and effects mediated by 
the angiotensin-converting enzyme 2 receptor.

Material and method: We were retrospectively studied 
adult patients admitted between March 01, 2020, and 
septumber,15, 2021, in Hamad Medical Cooperation 
COVID-19 infection facility hospitals. Demographic 
data, comorbid conditions, medications, physical 
examination, laboratory findings, chest x ray, transthoracic 
echocardiography (TTE) were recorded. All patients 
underwent comprehensive transthoracic echocardiography 
during hospital stay with base on clinical cardiac symptoms 
or ECG changes. Evaluation of left and right ventricle (RV) 
systolic function used by Left ventricular ejection fraction 
(LVEF), tricuspid annular plane systolic excursion (TAPSE) 
and ratio of tricuspid annular plane systolic excursion/
systolic pulmonary artery pressure (TAPSE/PASP).

Result: 133 hospitalized patients with confirmed SARS CoV-
2 infection were included in this study. The most comorbid 
illness was diabetes (62), hypertension, obesity with > 30 
BMI (28). The majority of COVID-19 patients in this study 
were severe and critical ill pneumonia in this study. 53.4% 
(71) were acute myocardial injury and 26.3% (35) were acute

heart failure. 30% (40) were abnormal transthoracic 
echocardiography included; 18.8% (25) were RV systolic 
dysfunction, 14.2% (19) were LV systolic dysfunction 
(LVEF), 12.8% (17) were preserved LVEF with RV systolic 
dysfunction. 15.7% (21) were critical ill and machinal 
ventilated with RV systolic dysfunction and 7.5% (10) 
patients died with RV systolic dysfunction (less than < 1.7 
cm TAPSE). 93.5% (124) patients admitted in MICU, 28% 
(37) patients were died in MICU with covid complication and 
7.5% (10) patients died with RV dysfunctions.

Discussion: Right ventricle (RV) size and function are 
important for the prognosis of COVID-19 related various 
forms of cardiovascular disease. Cardiac complications of 
COVID-19 included myocardial injury, heart failure (HF), 
cardiogenic shock, multisystem inflammatory syndrome 
in adult (Kawasaki-like illness) and cardiac arrhythmias 
included sudden cardiac arrest. An international survey of 
Echo, majority finding of COVID-19 patients included 39% 
were LV abnormalities, 33% were RV abnormalities, 15% 
were right ventricular dilatation, 8% were elevated pulmonary 
artery pressures. In this study, one third COVID-19 
hospitalized patients transthoracic echo (TTE) were 
abnormal included; 18.8% were RV systolic dysfunction, 
14.2% were LV systolic dysfunction, 9.8% were global LV 
dysfunction and 12.8% were RV systolic dysfunction with 
preserved LV systolic function (LVEF). In comparison 
with LV systolic dysfunction, RV systolic dysfunction was 
significantly higher (18.8% Vs 14.2%).

Conclusions: The most important consequence of severe 
COVID-19 pneumonia is RV failure in contrast to LV failure 
with elevated troponin and brain natriuretic peptide (BNP). 
RV failure is independent predictor of severity and mortality 
of COVID-19 pneumonia. This study helps physicians to 
look RV failure in COVID-19 pneumonia as this is a marker 
of higher morbidity and mortality.
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Background
Right ventricle (RV) size and function are important 

for the prognosis of patients with various forms of 
cardiovascular disease. RV dysfunction is associated with 
excess morbidity and mortality in patients with chronic 
left-sided heart failure, acute myocardial infarction 
(with or without RV infarction), pulmonary embolism, 
pulmonary arterial hypertension, and congenital heart 
disease [1]. The right heart differs from the left in terms 
of anatomy and physiology. The RV loosely resembles 
a pyramid and is composed of three portions named 
the inlet, the body, and the outflow tract. Contraction 
is generated by a deep layer of longitudinal fibers that 
result in longitudinal (base to apex) shortening, and a 
superficial layer of circumferential fibers that result in 
inward thickening [2]. The RV lacks a third layer of spiral 
fibers as seen in the left ventricle. The RV end-diastolic 
volume is slightly larger than that of the left ventricle, 
and as a result has a slightly lower ejection fraction to 
generate the same stroke volume.

COVID-19 typically present with respiratory tract 
infection, but may present with cardiac manifestations 
including myocardial injury, heart failure and cardiac 
arrhythmias. In fact, mortality is greater in covid-19 
patients with myocardial injury than those without 
(59.6% vs. 8.9%) [3]. Recent studies have shown that 
the incidence of acute myocardial injury in hospitalized 
patients with critical ill COVID-19 is 20% [4]. In Chinese 
experience, patients with no comorbidities have a case 
fatality rate (CFR) of 0.9% while those with CVD have 
CFR of 10.5% [5]. A retrospective study demonstrated 
that right ventricular (RV) dilation was observed in 31% 
of the hospitalized patients with COVID-19, which is 
significantly associated with the mortality [6].

Patients with COVID-19 may have cardiac 
manifestations but the causes of these findings have 
not been established. Possible causes of myocardial 
injury in patients with COVID-19 include myocarditis, 
hypoxic injury, stress (takotsubo) cardiomyopathy, 
ischemic injury caused by cardiac microvascular 
damage or epicardial coronary artery disease, right 
heart strain or acute cor-pulmonale and systemic 
inflammatory response syndrome (cytokine storm) [7-
9]. Proposed mechanisms include impaired physiologic 
reserve (cardiovascular and pulmonary), impaired 
immune response, augmented inflammatory response, 
vulnerability to SARS-CoV-2-induced endothelial 
dysfunction, and effects mediated by the angiotensin-
converting enzyme 2 receptor [10]. The aim of this 
retrospective observational study determines right 
ventricular dysfunction in COVID-19 hospitalized 

patients and its outcome.

Material and Method
We were retrospectively studied adult patients (≥ 18 

years of age) admitted between March 01, 2020, and 
septumber,15, 2021, in Hamad Medical Cooperation 
COVID19 infection facility hospitals. A COVID-19 
confirmed case were defined as a positive or reactive 
result on real-time reverse transcription polymerase 
chain reaction (RT-PCR) analysis of nasopharyngeal and 
oropharyngeal specimens from patients were tested 
simultaneously. This study was approved and written 
informed consent was waived by the Ethics Committee of 
HMC (MRC 01-21-848), Doha, Qatar, on 30, September, 
2021, owing to retrospective nature of study and rapid 
emergence of the disease and the urgent need to 
collect data. Demographic data, comorbid conditions, 
medications, physical examination, laboratory findings 
(including CBC, CMP, PT/APPT/INR, LFT, CRP, Ferritin, 
LDH, D-dimer, IL-6, lactic acid, CPK, myoglobin, 
troponin-T levels, BNP), chest x ray, transthoracic 
echocardiography (TTE) were recorded. All patient 
admitted with or with cardiac signs and symptoms, 
with and without abnormal ECG changes, high troponin 
level suggestive of myocardial injury and abnormal 
Echo finding specifical for right ventricular dysfunction 
were included while patients known to previous chronic 
left-sided heart failure, old myocardial infarction 
(with or without RV infarction), pulmonary arterial 
hypertension, and congenital heart disease excluded. 
We defined the degree of severity of COVID-19 (severe 
vs mild) at the time of admission using the American 
Thoracic Society guidelines for community-acquired 
pneumonia. All patients underwent comprehensive 
transthoracic echocardiography during hospital stay 
with base on clinical cardiac symptoms or ECG changes. 
Echocardiography was performed in a standard manner 
by cardiologists with expertise in echocardiographic 
recording and interpretation. Evaluation of left and right 
ventricle (RV) systolic function used by Left ventricular 
ejection fraction (LVEF), tricuspid annular plane systolic 
excursion (TAPSE) and ratio of tricuspid annular plane 
systolic excursion/systolic pulmonary artery pressure 
(TAPSE/PASP). Severity of left systolic function graded 
by Left ventricular ejection fraction (LVEF) as mild 
(51-41%), moderate (40-30%), severe (< 30%). Right 
ventricle systolic function considers abnormal (RV 
systolic dysfunction) as TAPSE < 1.7 cm and low cut off of 
<0.36 ratio of tricuspid annular plane systolic excursion/
systolic pulmonary artery pressure (TAPSE/PASP). Acute 
myocardial injury was defined as high troponin T hs for 
male > 30 ng/l and for female > 20ng/l, and acute heart 
failure defined as NT pro BNP > 1800 pg/ml. Descriptive 
statistics used to summarize and determine the sample 
characteristics and distribution of various considered 
parameters related to demographic, diagnostic, clinical 
features, follow-up outcome measures and other related 

Keywords
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were died in MICU with covid complication and 7.5% 
(10) patients died with RV dysfunctions.

Other multiorgan systems involvement of covid-19 
patients including 74.4% (99) were skeletal muscle injury 
(serum creatine kinase > 300U/L), 53.4% (71) acute 
myocardial injury (high tropT hs, male > 30, female > 20 
ng/l), 50.4% (67) had acute liver injury (> 200 ALT or AST 
levels), 44.4% (59) were acute kidney injury (creatinine 
> 106 umol/l and urea > 8 mmol/l), 30% (40) patient 
were greater than > 6.5 HbA1c , 26.3% (35) were acute 
heart failure (high NT-proBNP > 1800 pg/mL), 8.3% (11) 
were acute pancreatitis (serum lipase >180 u/l), 3.8% (5) 
had previous uncontrolled blood sugar (with HbA1c > 
12) as shown in Table 4. Laboratory features associated 

features of the patients of such patients. The normally 
distributed data and results reported with mean and 
standard deviation (SD) with corresponding 95% 
confidence interval (CI); the remaining results reported 
with median and interquartile range (IQR). Categorical 
data summarized using frequencies and percentages. 
Associations between two or more qualitative variables 
examined and assessed using Pearson Chi-square and 
Fisher Exact tests as appropriate. Unpaired t and ANOVA 
used to compare mean values of different quantitative 
parameters between two or more than two groups. 
Correlation between various outcomes measured 
evaluated quantitatively calculated by Pearson or 
Spearman rank-order correlation. An appropriate 
regression analysis performed to assess the effects of 
various factors and covariates on primary outcome 
measures. Pictorial presentations of the key results 
made using appropriate statistical graphs. A two-sided 
P value < 0.05 statistically significant. All statistical 
analyses done using statistical packages SPSS 24.0 (SPSS 
Inc. Chicago, IL) and Epi Info 2000 (Centers for Disease 
Control and Prevention, Atlanta, GA).

Results
A total of 133 hospitalized patients with confirmed 

SARS CoV-2 infection were included in this study. Their 
demographic and clinical characteristics were shown 
in Table 1 and Table 2. Their Age mean (SD-14) was 56 
(range from 28 to 84 year) years, and 92% were male 
(122) and 8% were female (11). 49% (65) were less than 
55 years age, 51% (67) were greater than 55 years age. 
Different nationality with majority were 25.5% Indian 
(34), 13.5% were Filipino (18), 11.2% were Bangladeshi 
(15) and Pakistani (15), 7.5% were Qatari (10) and Nepali 
(10). The most common symptoms at onset of illness 
included fever were 80.5% (107), cough was 73% (97), 
short of breathing were 70.7% (94), myalgia was 22% 
(29), headache was 5.3% (7), chest pain was 4.5% (6). 
Of all patients, following underlying risk factors included 
46.6% were diabetes (62), 46.2% were hypertension 
(61), 21% obesity with > 30 BMI (28), 12.9% newly 
diagnosed (17), 8.3% were pre-diabetic (11), 6.1% 
were chronic kidney disease (8), 6.1% were ischemic 
heart disease (8), 4.5% were asthma (6) and 1.6% 
were smoker (2) as shown in Table 3. According to the 
American Thoracic Society guidelines for community-
acquired pneumonia, 12% patients (16) were severe 
infection, 81% (107) were critically ill and 7% (10) were 
mild pneumonia. CT pulmonary angiography showed of 
31.6% (42) patients were positive pulmonary embolism 
with majority at segmental (24.8%), subsegmental 
(5.7%) and pulmonary artery level (5.7%). 6.7% (9) 
patient were both pulmonary embolism and right 
ventricle dysfunction and 5.2% (7) patient were bilateral 
RV and LV dysfunction. 79% (105) patients admitted in 
MICU were intubated and ventilated while 14.5% (19) 
patients used high flow nasal cannula. 28% (37) patients 

Table 1: Demographics.

Age (Mean = 56years) Frequency (n) Percentage (%)
 > 55 years 67 51%
< 55 years 65 49%
Gender
Male 122 92%
Female 11 8%
Nationality
Indian 34 25.5%
Filipinos 18 13.5%
Bangladeshi 15 11.2%
Pakistani 15 11.2%
Qatari 10 7.5%
Nepalis 10 7.5%

Table 2: Clinical manifestations.

Symptoms Frequency (n) Percentage (%)
Fever 107 80.5%
Cough 97 73%
SOB 94 70.7%
Myalgia 29 22%
Headache 7 5.3%
Chest pain 6 4.5%

Table 3: Underlying risk factors. 

Risk Factor Frequency (n) Percentage (%)
Diabetics (DM-2) 62 46.6%
Hypertension (HTN) 61 46.2%
Obesity (BMI > 30) 28 21%
Newly diagnosed DM-2 17 12.9%
Pre- DM-2 11 8.3%
Chronic kidney disease 
(CKD)

8 6.1%

Ischemic heart Disease 
(IHD)

8 6.1%

Asthma 6 4.5%
Smoker 2 1.6%
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and < 1.4 cm were 7.5% (10), and ratio of tricuspid 
annular plane systolic excursion/systolic pulmonary 
artery pressure (TAPSE/PASP) with cut off less than < 
0.36 were 9% (11). The high right atrial pressure was 
65.4% (87) and high right ventricular systolic pressure 
(RVSP) value were 18.9% (25). 12.8% (17) were 
preserved LVEF with RV systolic dysfunction and 5.2% 
(7) were impaired LVEF with RV systolic dysfunction as 
shown in Table 5. There were 15.7% (21) were critical 
ill and machinal ventilated with RV systolic dysfunction 
and 7.5% (10) patients died with RV systolic dysfunction 
(less than < 1.7 cm TAPSE).

Discussion
This is first research article on right ventricular 

with severe COVID-19 including 95.5% (127) had > 500 
mcg/L ferritin level, 96.2% (128) had >245 units/L LDH, 
91.7% (122) had > 100 mg/l C-reactive protein levels, 
94% (125) had > 3000 ng/mL D-dimer, 68.4% (91) had > 
70 pg/m of IL-6, 74.4% (99) had > 300u/L serum creatine 
kinase, 51.1% (68) had > 2ng/ml procalcitonin, 9.8% (13) 
had > 4 mmol/l lactic acid as shown in Table 4.

Transthoracic echocardiography was performed 133 
patients as shown in Table 5, 70% (93) were normal, 30% 
(40) were abnormal findings included; 14.2% (19) were 
LV systolic dysfunction (LVEF), with mild EF were 6% (8), 
moderate EF were 7.5% (10) and severe were 0.9% (1), 
16% (22) LV diastolic dysfunction and 9.8% (13) were 
global LV dysfunction. RV systolic dysfunction measured 
by TAPSE included less than < 1.7 cm were 18.8% (25) 

Table 4: Laboratory features for severe COVID-19.

Lab: Value Frequency (n) Percentage (%)
LDH > 245 units/L 128 96.2%
Ferritin level > 500 mcg/L 127 95.5%
D-dimer > 3000 ng/mL 125 94%
C-reactive protein > 100 mg/l 122 91.7%
Serum CK > 300u/L 99 74.4%
IL-6 > 70 pg/ml 91 68.4%
high troponin T hs (For male > 30, female > 20ng/l) 71 53.4%
Procalcitonin > 2ng/ml 68 51.1%
ALT or AST > 200 U/L (Acute liver injury 67 50.4%
Acute Kidney injury (AKI) (cr > 106umol/l and urea > 8mmol/l) 59 44.4%
HbA1c equal and greater 6.5 40 30%
NT-proBNP > 1800 pg/mL (acute heart failure) 27 26.3%
Lactic acid > 4mml/l 13 9.8%
Serum lipase > 180 u/l (acute pancreatitis) 11 8.3%

Table 5: Echocardiographic findings.

Echocardiographic parameters Frequency (n) Percentage (%)
LA diameter (normal = 3-4 cm) mild = 9, moderate = 1, Severe = 1 mild = 6.8%, moderate = 0.8%, 

Severe = 0.8%
LV-EF% (severity mild-51-41%, mod = 40-30%, 
severe = < 30%)

mild = 8, moderate = 10, Severe = 1 Mild = 6%, moderate = 7.5%, 
Severe = 0.8%

LV diastolic dysfunction grade (1 = mild, 2 = mod, 3 
= severe)

Mild = 15, moderate = 7, Severe = 0 Mild = 11.5%, moderate = 5.3%, 
Severe = 0%

High RA pressure (normal = 3-7 mmHg) 87 65.4%
TAPSE-tricuspid annular plane systolic excursion 
value < 1.7 cm

25 18.9%

TAPSE-tricuspid annular plane systolic excursion 
value < 1.4 cm

10 7.5%

High right ventricular systolic pressure (RVSP) value 25 18.9%
tricuspid annular plane systolic excursion/right 
ventricular systolic pressure (TAPSE/RVSP) Value 
< 0.36

12 9.1%

RV systolic dysfunction with preserved LVEF 17 12.8%
RV systolic dysfunction with impaired LVEF 7 5.2%
global LV dysfunction 13 9.8%
pericardial effusion 5 (small) 3.8%
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mortality in patient with RV systolic dysfunction were 
less 7.5% (28% vs. 7.5%). In comparison with available 
lectures review with this study, there were considerably 
less frequent RV systolic dysfunction (18.8% vs. 33%) 
and mortality (7.5% vs. 40%). The results of this study 
suggest that physician should consider to look signs of 
RV failure in echocardiography as this is independent 
predictor of severe COVID-19 infection and higher 
mortality.

Conclusions
The most important consequence of severe 

COVID-19 pneumonia on cardiac structure and function 
is RV failure in contrast to LV failure with elevated 
troponin and brain natriuretic peptide (BNP). RV failure 
is independent predictor of severity and mortality 
of COVID-19 pneumonia. This study helps physicians 
to look RV failure in COVID-19 pneumonia as this is a 
marker of higher morbidity and mortality.
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dysfunction in COVID-19 patients and its impact on 
mortality of hospitalized patients from Qatar. Right 
ventricle (RV) size and function are important for 
the prognosis of COVID-19 related various forms 
of cardiovascular disease. COVID-19 present with a 
broad spectrum of asymptomatic or symptomatic 
cardiac manifestations. Cardiac complications include 
myocardial injury, heart failure (HF), cardiogenic 
shock, multisystem inflammatory syndrome in adult 
(Kawasaki-like illness) and cardiac arrhythmias 
included sudden cardiac arrest [11]. Myocardial injury 
is common among COVID-19 patients and defined as 
elevated cardiac troponin levels. Clinical conditions 
associated with myocardial injury include myocarditis, 
stress cardiomyopathy, and myocardial infarction 
[12,13]. Heart failure in patients with COVID-19 may be 
precipitated by acute illness in patients with preexisting 
heart disease, acute hemodynamic stress, or incident 
acute myocardial injury [14]. A study of hospitalized 
COVID-19 patients at a hospital in New York found that a 
history of heart failure (HF) was associated with adverse 
outcomes, including longer length of stay (8 versus 6 
days), increased risk of mechanical ventilation (22.8 
versus 11.9%; adjusted OR 3.64, 95% CI 2.56-5.16), and 
mortality (40.0 versus 24.9%; adjusted OR 1.88, 95% CI 
1.27-2.78) [15]. Viral myocarditis caused by SARS-CoV-2 
has not been definitively confirmed by myocardial 
histologic and viral genome analysis [16]. Transthoracic 
echocardiography (TTE) findings in patients with 
COVID-19 by an international survey included data on 
1216 patients from 69 countries; 55% of patients had 
an abnormal TTE, included LV abnormalities in 39% 
with echo evidence of new acute myocardial infraction 
(3%), myocarditis (3%), stress cardiomyopathy (3%) and 
RV abnormalities were 33%, right ventricular dilatation 
were 15%, elevated pulmonary artery pressures were 
8% and 1% were cardiac tamponade and endocarditis 
[17]. In this retrospective observational study, majority 
of patients were admitted in medical intensive care unit 
(ICU) with severe and critically ill covid pneumonia (93%). 
One third COVID-19 hospitalized patients transthoracic 
echo (TTE) were abnormal (30%) included; 18.8% 
were RV systolic dysfunction, 14.2% were LV systolic 
dysfunction, 9.8% were global LV dysfunction and 
12.8% were RV systolic dysfunction with preserved LV 
systolic function (LVEF). In comparison with LV systolic 
dysfunction, RV systolic dysfunction was significantly 
higher (18.8% vs. 14.2%). There was significant higher 
(double) RV systolic dysfunction in patients with 
preserved LV systolic function (LVEF) as comparison with 
impaired LV systolic dysfunction (12.8% vs. 5.2%). There 
was other multiorgan system involvement of COVID-19 
infection included substantial higher acute myocardial 
injury with elevated troponin T level (53.4%). The overall 
mortality due to COVID-19 in this study were 28%, while 

https://doi.org/10.23937/2643-3966/1710051


ISSN: 2643-3966DOI: 10.23937/2643-3966/1710051

Ali et al. Int Arch Cardiovasc Dis 2022, 6:051 • Page 6 of 7 •

         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

133 hospitalized COVID-19 pa�ents’ Transthoracic echocardiography 

30% (40) abnormal Transthoracic echocardiography. 

Transthoracic echocardiography RV dysfunc�on: 18.8% (25) were RV systolic 
dysfunc�on (TAPSE less than < 1.7cm), 7.5% (10) were RV systolic dysfunc�on (TAPSE 
less than < 1.4cm), and 9% (11) were ra�o TAPSE/PASP (with cut off less than < 0.36).  

 

Transthoracic echocardiography LV dysfunc�on: 16% (22) LV diastolic 
dysfunc�on, 14.2% (19) were LV systolic dysfunc�on (LVEF) and 9.8% (13) were 
global LV dysfunc�on. 

 

7.5% (10) MICU COVID-19 pa�ents were died with RV systolic dysfunc�on (less than < 1.7 
cm TAPSE) and 15.7% (21) were cri�cal ill and machinal ven�lated with RV systolic 
dysfunc�on. 

Graphic Abstract Chart Flow

5: 811-818.

4. Shi S, Qin M, Shen B, Cai Y, Liu T, et al. (2020) Association 
of cardiac injury with mortality in hospitalized patients with 
COVID-19 in wuhan, China. JAMA Cardiol 5: 802-810.

5. Wu Z, McGoogan JM (2020) Characteristics of and 
important lessons from the coronavirus disease 2019 
(COVID19) outbreak in china: Summary of a report of 72 
314 cases from the chinese center for disease control and 
prevention. JAMA 323: 1239-1242.

6. Argulian E, Sud K, Vogel B, Bohra C, Garg VP, et al. (2020) 
Right ventricular dilation in hospitalized patients with 
COVID-19 infection. JACC Cardiovasc Imaging 13: 2459-
2461.

References
1. Ghio S, Klersy C, Magrini G, D’Armini AM, Scelsi L, et 

al. (2010) Prognostic relevance of the echocardiographic 
assessment of right ventricular function in patients with 
idiopathic pulmonary arterial hypertension. Int J Cardiol 
140: 272-278.

2. Haddad F, Hunt SA, Rosenthal DN, Murphy DJ (2008) 
Right ventricular function in cardiovascular disease, part I: 
Anatomy, physiology, aging, and functional assessment of 
the right ventricle. Circulation 117: 1436-1418.

3. Guo T, Fan Y, Chen M, Wu X, Zhang L, et al. (2020) 
Cardiovascular implications of fatal outcomes of patients 
with coronavirus disease 2019 (COVID-19). JAMA Cardiol 

https://doi.org/10.23937/2643-3966/1710051
https://pubmed.ncbi.nlm.nih.gov/32219356/
https://pubmed.ncbi.nlm.nih.gov/32091533/
https://pubmed.ncbi.nlm.nih.gov/32091533/
https://pubmed.ncbi.nlm.nih.gov/32091533/
https://pubmed.ncbi.nlm.nih.gov/32091533/
https://pubmed.ncbi.nlm.nih.gov/32091533/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7228729/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7228729/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7228729/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7228729/
https://pubmed.ncbi.nlm.nih.gov/19070379/
https://pubmed.ncbi.nlm.nih.gov/19070379/
https://pubmed.ncbi.nlm.nih.gov/19070379/
https://pubmed.ncbi.nlm.nih.gov/19070379/
https://pubmed.ncbi.nlm.nih.gov/19070379/
https://pubmed.ncbi.nlm.nih.gov/18347220/
https://pubmed.ncbi.nlm.nih.gov/18347220/
https://pubmed.ncbi.nlm.nih.gov/18347220/
https://pubmed.ncbi.nlm.nih.gov/18347220/
https://pubmed.ncbi.nlm.nih.gov/32219356/
https://pubmed.ncbi.nlm.nih.gov/32219356/
https://pubmed.ncbi.nlm.nih.gov/32219356/


ISSN: 2643-3966DOI: 10.23937/2643-3966/1710051

Ali et al. Int Arch Cardiovasc Dis 2022, 6:051 • Page 7 of 7 •

13. Chen T, Wu D, Chen H, Yan W, Yang D, et al. (2020) Clinical 
characteristics of 113 deceased patients with coronavirus 
disease 2019: Retrospective study. BMJ 368: m1091.

14. Stefanini GG, Chiarito M, Ferrante G, Cannata F, Azzolini E, 
et al. (2020) Early detection of elevated cardiac biomarkers 
to optimise risk stratification in patients with COVID-19. 
Heart 106: 1512-1518.

15. Alvarez-Garcia J, Lee S, Gupta A, Cagliostro M, Joshi 
AA, et al. (2020) Prognostic impact of prior heart failure in 
patients hospitalized with covid-19. J Am Coll Cardiol 76: 
2334-2348.

16. Escher F, Pietsch H, Aleshcheva G, Bock T, Baumeier C, 
et al. (2020) Detection of viral sars-cov-2 genomes and 
histopathological changes in endomyocardial biopsies. 
ESC Heart Fail 7: 2440-2447.

17. Dweck MR, Bularga A, Hahn RT, Bing R, Lee KK, et al. 
(2020) Global evaluation of echocardiography in patients 
with COVID-19. Eur Heart J Cardiovasc 21: 949-958.

7. Creel-Bulos C, Hockstein M, Amin N, Melhem S, Truong A, 
et al. (2020) Acute cor pulmonale in critically ill patients with 
covid-19. N Engl J Med 382: e70.

8. Zheng YY, Ma YT, Zhang JY, Xie X (2020) COVID-19 and 
the cardiovascular system. Nat Rev Cardiol 17: 259-260.

9. Chatterjee NA, Cheng RK (2020) Cardiovascular disease 
and COVID-19: Implications for prevention, surveillance 
and treatment. Heart 106: 1119-1121.

10. Chen N, Zhou M, Dong X, Qu J, Gong F, et al. (2020) 
Epidemiological and clinical characteristics of 99 cases of 
2019 novel coronavirus pneumonia in Wuhan, China: A 
descriptive study. Lancet 395: 507-513.

11. Velavan TP, Meyer CG (2020) Mild versus severe covid-19: 
Laboratory markers. Int J Infect Dis 95: 304-307.

12. Sandoval Y, Bielinski SJ, Daniels LB, Blaha MJ, Michos 
ED, et al. (2020) Atherosclerotic cardiovascular disease 
risk stratification based on measurements of troponin and 
coronary artery calcium. J Am Coll Cardiol 76: 357-370.

https://doi.org/10.23937/2643-3966/1710051
https://pubmed.ncbi.nlm.nih.gov/32817312/
https://pubmed.ncbi.nlm.nih.gov/32817312/
https://pubmed.ncbi.nlm.nih.gov/32817312/
https://pubmed.ncbi.nlm.nih.gov/32817312/
https://pubmed.ncbi.nlm.nih.gov/33129663/
https://pubmed.ncbi.nlm.nih.gov/33129663/
https://pubmed.ncbi.nlm.nih.gov/33129663/
https://pubmed.ncbi.nlm.nih.gov/33129663/
https://pubmed.ncbi.nlm.nih.gov/32529795/
https://pubmed.ncbi.nlm.nih.gov/32529795/
https://pubmed.ncbi.nlm.nih.gov/32529795/
https://pubmed.ncbi.nlm.nih.gov/32529795/
https://pubmed.ncbi.nlm.nih.gov/32556199/
https://pubmed.ncbi.nlm.nih.gov/32556199/
https://pubmed.ncbi.nlm.nih.gov/32556199/
https://pubmed.ncbi.nlm.nih.gov/32374956/
https://pubmed.ncbi.nlm.nih.gov/32374956/
https://pubmed.ncbi.nlm.nih.gov/32374956/
https://pubmed.ncbi.nlm.nih.gov/32139904/
https://pubmed.ncbi.nlm.nih.gov/32139904/
https://pubmed.ncbi.nlm.nih.gov/32451360/
https://pubmed.ncbi.nlm.nih.gov/32451360/
https://pubmed.ncbi.nlm.nih.gov/32451360/
https://pubmed.ncbi.nlm.nih.gov/32344011/
https://pubmed.ncbi.nlm.nih.gov/32344011/
https://pubmed.ncbi.nlm.nih.gov/32703505/
https://pubmed.ncbi.nlm.nih.gov/32703505/
https://pubmed.ncbi.nlm.nih.gov/32703505/
https://pubmed.ncbi.nlm.nih.gov/32703505/

	Title
	Corresponding author
	Abstract
	Keywords
	Background
	Material and Method 
	Results
	Discussion
	Conclusions
	Protocol ID (MRC 01-21-848) 
	Conflict of Interest 
	Funding Disclosure 
	Author’s Contribution
	Graphic Abstract Chart Flow 
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	References 

