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Abstract
Background: The available information on the echocardiographic features of cardiac injury related to the novel coronavirus
disease 2019 (COVID-19) and their prognostic value are scattered in the different literature. Therefore, the aim of this
study was to investigate the echocardiographic features of cardiac injury related to COVID-19 and their prognostic value.
Methods: Published studies were identified through searching PubMed, Embase (Elsevier), and Google scholar databases. The
search was performed using the different combinations of the keywords “echocard*,” “cardiac ultrasound,” “TTE,” “TEE,”
“transtho*,” or “transeso*” with “COVID-19,” “sars-COV-2,” “novel corona, or “2019-nCOV.” Two researchers independently
screened the titles and abstracts and full texts of articles to identify studies that evaluated the echocardiographic features of
cardiac injury related to COVID-19 and/or their prognostic values. Results: Of 783 articles retrieved from the initial search,
11 (8 cohort and 3 cross-sectional studies) met our eligibility criteria. Rates of echocardiographic abnormalities in COVID-19
patients varied across different studies as follow: RV dilatation from 15.0% to 48.9%; RV dysfunction from 3.6% to 40%; and LV
dysfunction 5.4% to 40.0%. Overall, the RV abnormalities were more common than LV abnormalities. The majority of the studies
showed that there was a significant association between RV abnormalities and the severe forms and death of COVID-19.
Conclusion: The available evidence suggests that RV dilatation and dysfunction may be the most prominent echocardiographic
abnormality in symptomatic patients with COVID-19, especially in those with more severe or deteriorating forms of the disease.
Also, RV dysfunction should be considered as a poor prognostic factor in COVID-19 patients.
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Introduction

The current Coronavirus disease 2019 (COVID-19) pandemic,

caused by severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2), continues to be one of the most serious public

health challenges facing the world today.1 Based on the avail-

able evidence, the clinical spectrum of the COVID-19 is varied,

ranging from self-limiting respiratory symptoms to severe

pneumonia, multi-organ dysfunction, and death.2,3

Given the considerable frequency of cardiac manifestations

reported among patients with COVID-19, it has been supposed

that SARS-CoV-2 may directly or indirectly cause acute car-

diac injury, leading to alterations of cardiac structure and func-

tion.4 Recent studies have utilized echocardiography, as an

available, non-invasive, and informative diagnostic tool, to

identify the features of cardiac injury related to the COVID-

19.While identifying the potential role of the echocardio-

graphic findings as a prognostic factor in COVID-19 patients,

some of these studies have also evaluated the associations of

them with the biomarkers of cardiac injury.
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However, the available information on the echocardio-

graphic features of cardiac injury related to the COVID-19 and

their association with the poor outcomes and biomarkers of

cardiac injury, inflammation, and thrombosis is scattered in the

literature, making it difficult to utilize this information for the

clinical decision making. Therefore, this systematic review

aimed to provide a concise and cohesive summary of the most

important findings from each available literature.

Methods

This systematic review was conducted and presented in accor-

dance with the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA). Ethical approval and

informed consent were not required for this study as it was a

systematic review of previously published studies.

In this systematic review, we included studies that assessed

the echocardiographic features of cardiac injury related to the

COVID-19 and their association with the poor outcomes and

biomarkers of cardiac injury, inflammation, and thrombosis.

Search

The electronic databases, such as Pubmed, Embase, and

Google Scholar were searched between June 8, 2020 and July

29th, 2020, using the terms “echocard*,” “cardiac ultrasound,”

“TTE,” “TEE,” “transtho*,” or “transeso*” combined with

“COVID-19,” “sars-COV-2,” “novel corona,” or “2019-

nCOV.”

Additionally, to identify the additional studies, we checked

the reference lists of all included studies. All retrieved articles

were added to EndNote X8.2 reference management software,

and duplicates were deleted.

Study Inclusion

Two researchers [ESh & HR] independently reviewed the titles

and abstracts of retrieved studies to identify the relevant stud-

ies. In the case of disagreement, a third researcher was con-

sulted (NSh or ZKh). Finally, the full texts of the identified

articles were reviewed by 2 independent reviewers in the sec-

ond phase of the review (NSh & HR). Any disagreements were

resolved by discussion.

Inclusion Criteria

Articles that met the following criteria were included in the

study: (1) (1) observational studies, including cross-sectional

studies and cohort studies; (2) studies that included COVID-19

out/inpatients older than 18 years;(3) studies written in English;

(4) published after January 2020 in a peer-review journal; and

(5) studies addressing at least one of the following issues: I)

the echocardiographic features of cardiac injury related to

COVID-19, II) prognostic value of identified echocardio-

graphic abnormalities and/or III) associations of these abnorm-

alities with biomarkers of cardiac injury, inflammation, and

thrombosis.

Exclusion Criteria

The exclusion criteria were specified as follows: (1) studies

with less than 30 patients; and (2) studies focusing on patients

with pre-existing cardiac disease.

Data Extraction

Two independent researchers [NSh& HR] extracted data from the

full texts of included studies into a standardized Excel (Microsoft

Corporation) form. The following information was obtained: first

author’s name, country, study design, sample size, age, sex, and

main findings. The extracted data are presented in the tables.

Quality Assessment

Quality assessment was performed by 2 researchers using the

Newcastle– Ottawa scale (NOS), containing 9 items, for the

cohort studies and using the Prevalence Critical Appraisal Instru-

ment (PCAI), containing 10 items, for the cross-sectional stud-

ies.5 In Newcastle– Ottawa scale, the total score ranged from 0 to

9 and was categorized into 3 groups: Low quality “0-3,” moderate

quality “4-6,” and high quality “7-9.” In the Prevalence Critical

Appraisal Instrument (PCAI), the total score ranged from 1 to 10.

During the quality assessment of the included studies, any dis-

agreements were resolved by discussion or a third researcher.

Results

Study Selection Process

A total of 887 articles were identified in the initial search. After

the removal of duplicates (n ¼ 104) and those not meeting the

inclusion criteria (by title/abstract: n ¼ 737, full text: n ¼ 35),

11 eligible articles(including 8 cohort studies and 3 cross-

sectional studies) were entered into this review (Figure 1).

Study Characteristics

Table 1 presents the characteristics of the included studies. All

11 articles were involved in Covid-19 hospitalized patients

who underwent transthoracic echocardiography (TTE). The

studies were performed in different countries; one of them was

an international survey, including patients from 69 countries

across 6 continents.6

The mean/median age of patients fell in the seventh decade

of life with a male predominance in the majority of studies. In

all but one study, the sample size was small, ranged from 30 to

200; the exception was the international study, including 1,216

patients.6

Six out of 11 studies provided data on the length of time to

the echocardiography.7-11,13 Two studies reported that echocar-

diography was performed within the first 24 h of admission for

each patient.8,13

Six studies reported the percentage of patients receiving

mechanical ventilation at the time of echocardiography,7,8,13-16

It varied from 0.0% (non-ICU population) to 100% (all intu-

bated)16 of the study population in different studies.
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All 8 cohort studies had a quality score higher than 6, and

3 cross-sectional studies conducted by Dweck et al6 Jain et al13

Sollazzo et al16 had quality scores 9, 8, and 7, respectively

(Table 2).

Echocardiographic Abnormalities

As shown in Table 3, investigators assessed the abnormalities

of the right and left ventricular (RV and LV) using different

echocardiographic indices.

Rates for echocardiographic abnormalities in structure and

function varied in included studies as follow: RV dilatation

from 15.0% to 48.9%; RV dysfunction from 3.6% to 40%; and

LV dysfunction from 5.4% to 40.0%. The rate of LV dilatation

was only reported by 2 studies conducted by Mahmoud-Elsayed

et al8 (in 4% of patients) and Dweck et al6 (in 5% of patients).

Except for 2 studies conducted by Li et al10 and Pagnesi

et al7 that only addressed RV dysfunction, 9 studies have eval-

uated echocardiographic abnormalities of right and left side of

the heart, of which 6 had evaluated RV dysfunction

(+dilatation) and LV dysfunction8,11-14 and 3 studies focused

on RV dilatation and LV dysfunction.9,15,16 (Table 3).

Dweck et al6 reported a similar dysfunction rate for RV and

LV (31% and 38%, respectively) in their international study;

however, they found a higher rate of RV dysfunction than LV

dysfunction (33% vs. 25%, respectively) after excluding those

with pre-existing cardiac diseases.

Of the remaining studies addressed both RV and LV abnorm-

alities (n ¼ 8), 4 studies showed a higher abnormality rate of RV

(dilatation/dysfunction) than LV.8,9,11,13 Three studies found a

roughly similar abnormality rate,12,15,16 of which 2 reported only

RV dilatation,15,16 and the other one focused on RV dysfunction.12

Finally, one study (sample size ¼ 51), focusing on the func-

tion of RV and LV, found a higher dysfunction rate of LV than

RV (27% vs. 10%).14

The Prognostic Values of Echocardiographic
Abnormalities in COVID-19

Table 4 presents the main findings of each included study

regarding the association of echocardiographic abnormalities

with poor outcomes of COVID-19. Except for the studies con-

ducted by den Heuvel et al14 and Pagnesi et al7 all studies found

a significant association between RV dysfunction with severe

Figure 1. PRISMA flowchart of literature search and selection process.
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or worsening forms of the disease,9,12 Pulmonary Embolism

(PE),8 ARDS,10 and/or mortality10-12 (All p-values < 0.05).

Also, in a study conducted by Argulian et al15 RV dilation was

a significant predictor of in-hospital mortality in COVID-19

patients, considering the confounding effect of mechanical

ventilation and vasoactive medication use. (Odds ratio (95%
confidence interval): 4.5 (1.5 to 13.7); p ¼ 0.005).

Szekely et al9 also observed that acute RV dysfunction is

more prevalent than acute LV systolic dysfunction in patients

experiencing clinical deterioration.

Table 2. Quality of the Included Cohort Studies.

N Study

Selection
Comparability

Outcome
Total

1 2 3 4 (**) a b c Of 9 scores

Pagnesi et al7 * * * * * * * * 8
1 Van den Heuvel et al14 * * * * – – * * 6
2 Argulian et al15 * * – * * * * * 7
3 Mahmoud-Elsayed et al1 * * * * * * * * 8
4 Szekely et al2 * * * * ** * * * 9
5 Li et al3 * * * * * * * * 8
6 Rath et al11 * * * * * * * * 8
7 Deng et al12 * * * * * * * * 8

1. Representativeness of exposed cohort (?).
2. Selection of non-exposed cohort (?).
3. Ascertainment of exposure (?).
4. The Outcome of Interest Was Not Present at Start of Study (*).
a) Assessment of outcome (?).
b) Enough follow-up to occur outcomes (*).
c) Adequacy of follow up (?).

Table 3. Cardiac Function Based on Echocardiography Findings in Patients With COVID-19.

N Author

Right ventricle: % (N) Left ventricle: % (N)

Definition of abnormalitiesDilatation Dysfunction Dilatation Dysfunction

1 Dweck et al6 15% (181) 31% (382) 5% (66) 38% (445) NR.
2 Pagnesi et al7 NR 14.5% (29) NR NR RV dysfunction: TAPSE) of <17 mm or tissue Doppler imaging S

wave (S’ wave) of <9.5 cm/s
3 Mahmoud-

Elsayed
et al8

41% (30) 27% (20) 4% (3) 11% (8) RV dilatation: RV basal diameter >41 mm
RV dysfunction: FAC <35% or a TAPSE <17 mm
LV systolic function: Visual assessment

4 Szekely et al9 39% (39)* NR NR Systolic: 10% (10)
Diastolic: 16% (16)

RV dilatation/dysfunction: NR
LV dysfunction: LVEF below 50%

5 Li et al10 NR 33% (40) NR NR RV dysfunction: RVLS ranged 10.3 to 20.5%
6 Rath et al11 48.9% (46) 13.7% (13) NR 15% (19) LV dysfunction: EF � 50%

RV dysfunction: Visual assessment
7 Deng et al12 NR 3.6% (4) NR 5.4% (5) LV dysfunction: EF � 50%

RV dysfunction: TAPSE < 16 mm
8 Jain et al13,y 18% (11) 46% (29) NR 36.7% (25) LV dysfunction: EF �50%

RV dysfunction: Semi-quantitatively was assessed
9 Argulian

et al15
30.4% (32) NR NR 31.4% (33) RV dilatation: basal diastolic RV diameter > 4.1 cm in the apical

view and/or basal right-to-left ventricular diameter ratio of
�0.9 in the apical 4-chamber view, and confirmed by visual
RV assessment.
Other abnormalities: NR.

10 Sollazzo
et al16,z

40% (12) NR NR 40% (12) NR.

11 den Heuvel
et al14

NR. 10% (5) NR 27% (14) LV dysfunction: LVEF < 52% and/or GLS > –18%
RV dysfunction: TAPSE < 17 mm and/or RV S’ < 10cm/s

GLS: global longitudinal strain. FAC: fractional area change. EF: Ejection fraction. LV: Left ventricular, LVEF: Left ventricular ejection fraction. NR: Not Reported.
RV: Right ventricular. TAPSE: tricuspid annular plane systolic excursion. RVS’: right ventricular systolic excursion velocity.
*RV dilatation with or without dysfunction.
yPatients underwent TTE mainly due to major acute cardiovascular event (45.8%) or hemodynamic instability (29.2%).
zOf 12 patients with a LV dysfunction, 4 had a takotsubo Syndrome and 8 had a myocardial injury. All patients with RV dilatation had also acute pulmonary
hypertension.
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Li et al10 found that among parameters assessed for RV

function, right ventricular longitudinal strain (RVLS) was the

strongest predictor of death. Based on their findings, �23%
(AUC ¼ 0.87; P < 0.001) was the best cutoff value of RVLS

for the prediction of adverse clinical outcomes.

Three out of 6 studies evaluating the prognostic value of LV

dysfunction,9-12,14 including the international survey conducted

by Dweck et al6 showing no significant association between

LV dysfunction with severity and death of COVID-19.

Association of Echocardiographic Abnormalities With
Biomarkers

The included studies showed a significant association between

elevated levels of hs-troponin7,9,11 brain natriuretic peptide

(BNP),7,11 creatinine kinase MB (CK-MB),10 C-reactive pro-

tein (CRP),8,10 and D-dimer8,10 with RV dysfunction and/or

dilatation. Also, some of these biomarkers, including hs-tropo-

nin9,11,13 and BNP,11 were also associated with LV dysfunction

(Table 5).

Discussion

Our findings suggest that dilatation and dysfunction of RV are

the most prominent echocardiographic abnormality observed in

patients with COVID-19, especially in those with a more

severe or deteriorating form of the disease. Also, some studies

have revealed that RV abnormalities may be associated with

the poor outcomes of COVID-19.

Table 5. Association of the Echocardiographic Findings With the Biomarkers of Cardiac Injury, Inflammation and Thrombosis in COVID-19
Patients.

N Author Quantitative assessments
Abnormality on
echocardiography Biomarker Finding

1 Dweck et al6 – In patients without preexisting cardiac disease, both elevated troponin
(OR (95% CI: 1.69 -1.13-2.53)) and BNP (2.96 (1.75-5.05) were
significantly associated with LV dysfunction but not with RV dysfunction
(trop: 1.3 (0.86 -1.95), BNP: 1.1(0.63 -1.88)

RV dysfunction – Troponin NS
– BNP NS

LV dysfunction – Troponin þ
– BNP þ

Pagnesi et al7 Patients with RVD had lower levels of C reactive protein (CRP) (p ¼ 0.019)
and higher levels of hs-troponin T (p ¼ 0.006), creatine phosphokinase
(CPK) (p ¼ 0.010) and NT-proBNP (p ¼ 0.011).

RV dysfunction – Troponin þ
– NT-pro BNP þ
CPK þ
CRP –

2 Mahmoud-
Elsayed
et al8

– RV systolic dysfunction was associated with elevated D-dimer (r ¼ -0.34,
p ¼ 0.003) and CRP (r ¼ -0.23 p ¼ 0.045), but not with hs-troponin.

RV dysfunction – D-dimer þ
– CRP þ
– Troponin NS

3 Szekely et al9 – Troponin level was associated with indices of RV function, also with LV
diastolic function.

– Also, patients with shorter AT (<100 ms) had higher levels of D-dimer,
BNP, troponin-I, and CRP

RV dilatation
(based on AT)

– D-dimer þ
– BNP þ
– Troponin þ
– CRP þ

RV dysfunction – Troponin þ
LV diastolic

dysfunction
– Troponin þ

4 Li et al10 – Compared with patients in the highest tertiles, those in the lowest RVLS
tertile were more likely to have a higher D-dimer, mg/L [Median (IQR):
1.84 (0.83,6.13) vs. 0.76 (0.35,2.64), P ¼ 0.053] and CRP, mg/L
[29.8(3.7,64.2) vs. 11.2(1.1,48.7), p ¼ 0.053)]

– There were no significant differences among the tertiles of RVLS regarding
CPK-MB, hs- troponin-I, BNP.(all p values >0.05)

RV dysfunction
(based on RVLS)

– D-dimer þ
– CRP þ
– CPK-MB NS
– BNP NS
– Troponin NS

5 Rath et al11 – At admission, troponin I and NT pro-BNP levels were associated with LEVF
(rho¼� 0.367, p < 0.001 and rho¼� 0.485, p < 0.001, respectively) and
RV-FAC (rho ¼ � 0.442, p < 0.001 and rho ¼ � 0.304, p ¼ 0.006,
respectively).

– In contrast, D-dimers level was associated with neither LVEF
(rho¼� 0.155, p¼ 0.116) nor RV-FAC (rho¼� 0.103, p¼ 0.321) LVEF

RV dysfunction
(based on RV-
FAC)

– Troponin þ
– NT pro BNP þ
– D-dimer NS

LV dysfunction – Troponin þ
– NT pro BNP þ
– D-dimer NS

6 Jain et al13 – LVEF had an inverse association with hs-troponin (rho ¼ -0.34, p ¼ 0.006)
and non-significant association with NT-pro BNP (rho ¼ -0.29,
p ¼ 0.056).

LV dysfunction – Troponin þ
– NT pro BNP NS

7 Van den
Heuvel
et al14

– There were no significant association between elevated Troponin and BNP
with parameters LV and RV functions (all p- value >0.05)

RV dysfunction – Troponin NS
– BNP NS

LV dysfunction – Troponin NS
– BNP NS

AT: acceleration time. BNP: brain natriuretic peptide. CK-MB: creatinine kinase MB CRP: C-reactive protein FAC: fractional area change. LV: Left ventricular,
LVEF: Left ventricular ejection fraction. RV: Right ventricular. RVLS: Right ventricular longitudinal strain. RV-FAC: Right ventricular fractional area change.
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Most of the included studies, using different echocardio-

graphic indices of RV function, have shown that RV dilatation

and dysfunction are the predominant echocardiographic

abnormalities in COVID-19 patients with cardiac symptoms.

However, some studies failed to observe this higher abnorm-

ality rate of RV than LV in COVID-19 patients. However, in an

international study, Dweck et al6 used the data from a large

sample size of COVID-19 patients and showed a roughly sim-

ilar dysfunction rate for RV and LV, after excluding those with

pre-existing cardiac diseases. Also, they found a higher rate of

RV dysfunction rather than LV dysfunction.

Furthermore, one study found a higher dysfunction rate of

LV than RV.14 Compared to other studies, this study had used

different criteria (LVEF < 52% and/or GLS > –18%) that could

result in higher sensitivity for detecting LV dysfunction. On the

other hand, they have unexpectedly noted a better RV function

(based on TAPSE and RV S’ indices) in patients with PE than

those without PE, that makes the findings questionable.

Our findings are in line with previous studies suggesting that

RV dysfunction frequently occurs in patients with respiratory-

related diseases such as flu17-19 and ARDS.20,21

The potential mechanisms of impaired RV function and

structure occurring in COVID-19 are unclear; however, par-

enchymal and vascular lung injury induced by the virus could

play a key role in this disease.22 In other words, the occurrence

of pulmonary edema, reduced lung compliance, microvascular

thrombosis, and acute severe hypoxemia in COVID-19 could

increase pulmonary vascular resistance and/or pressure, lead-

ing to an acute increase in RV afterload.23

LV dysfunction, mainly diastolic, has also been observed in

COVID-19 patients, but it is uncommon. Here, cardiovascular

complications directly or indirectly induced by Sars-cov2 infec-

tion, such as myocarditis, coronary artery disease, arrhythmia,

pericarditis, endocarditis, may lead to LV dysfunction.18,22

Some of the included studies revealed that the presence of

RV dilatation and dysfunction might be associated with bio-

markers of cardiac injury such as CPC-MB, troponin, and BNP

in COVID-19. As elevated levels of troponin, cpk-MB, and

BNP may result from a various range of cardiac injuries occur-

ring at different stages of the COVID-19,18 complementary

imaging examinations such as echocardiography are highly

recommended for more accurate diagnosis, prognosis evalua-

tion, and clinical decision making.18

However, a sequence of events may explain the association

between RV dysfunction and cardiac injury biomarkers cpk-

MB, troponin, and BNP. Increased RV systolic pressure caused

by acute RV pressure overload gradually results in RV dys-

function, that, in turn, leads to reduced cardiac output and

systemic blood pressure, followed by a decrease in coronary

blood flow to the RV, leakage of cardiac biomarkers, and more

decrease in RV function.9

Given the association of the cardiac injury biomarkers with

the most common echocardiographic abnormality, the acute

RV dysfunction should be considered as the most probable

mechanism for elevated levels of the cpk-MB, troponin, and

BNP in COVID-19 patients.9

Additionally, our review revealed that the presence of RV

dysfunction is associated with inflammatory and thrombotic

biomarkers like elevated levels of D-dimer and CRP. There

is growing evidence that COVID-19 is associated with the

imbalance of coagulation and inflammatory pathways, indicat-

ing elevated levels of thrombotic and inflammatory fac-

tors.24,25 This phenomenon can lead to the development of

micro-thrombus in the pulmonary vasculature, increasing the

risk of thromboembolic complications, and subsequent RV

dysfunction in these patients.26

Our review also showed the prognostic value of RV dys-

function in COVID-19 patients. It has been long known that

RV dysfunction is associated with significant morbidity and

mortality in cardiovascular disease and ARDS.27,28 The

mechanism of this association is unclear. However, based on

the multifactorial nature of RV dysfunction, Orde et al argued

that RV dysfunction is a marker of disease severity, associated

with poor outcomes.29

In addition, the worsening of the impaired RV parameters on

subsequent echocardiogram has been reported in patients who

experienced clinical deterioration that may be explained by

increased pulmonary resistance.9

Obviously, this study has some limitations. First, most of the

included studies had have had very small sample sizes. Second,

the included studies utilized the different indices for assessing

RV function and defining impaired RV function. Third, all

included studies were conducted on hospitalized patients with

cardiac-related symptoms, limiting the generalizability of their

findings to the entire COVID-19 patients. However, this is the

first systematic review of studies examining echocardiographic

features of cardiac injury related to the COVID-19 and their

prognostic impact.

Conclusions

Impaired RV function is probably the most prominent echocar-

diographic abnormality in patients with COVID-19, especially

in those with a more severe or deteriorating form of the disease.

Also, RV dysfunction may be associated with the poor prog-

nosis of COVID-19 and biomarkers of cardiac injury.

Therefore, comprehensive echocardiography assessment of

the right side is recommended in COVID-19 patients with

cardiac-related symptoms for more accurate diagnosis, prog-

nosis evaluation, and clinical decision making.
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