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Abstract

Background: Coronavirus disease 2019 (Covid-19) can lead to severe respiratory distress and acute cardiac injury, but 
it is unclear how often it can cause cardiac dysfunction. 

Objective: In this systematic review, we aimed to summarize the main echocardiographic findings in patients with Covid-19.

Methods: We systematically searched in PUBMED, EMBASE, LILACS and Cochrane databases, in addition MedRxiv and 
Scielo preprints from inception to July 21st, 2021. Studies reporting echocardiographic data in patients with Covid-19 
were included. Demographic characteristics, previous cardiovascular disease (CVD), and echocardiographic findings 
were extracted. We performed a meta-analysis of proportions to estimate the main echocardiographic findings. The 
level of significance was p < 0.05.

Results: From 11,233 studies, 38 fulfilled inclusion criteria and were included in the meta-analysis. The estimated 
proportions of left ventricular (LV) systolic dysfunction were 25% (95%CI: 19, 31; I2 93%), abnormal global longitudinal 
strain 34% (95% CI 23, 45; I2 90%), righ ventricular (RV) systolic dysfunction 17% (95%CI 13, 21; I2 90%), pericardial 
effusion 17% (95%CI: 9, 26; I2 97%), and pulmonary hypertension 23% (95%CI: 15, 33, I2 96%). LV systolic dysfunction 
was directly associated with study-specific prevalence of previous abnormal echocardiogram (p<0.001). The proportion 
of patients in mechanical ventilation, indicating severity of disease, did not explain the heterogeneity in the proportions 
of LV dysfunction (p=0.37). 

Conclusion: Among hospitalized patients with Covid-19, LV dysfunction has been reported in one quarter, with smaller 
proportions of right ventricular dysfunction, pericardial effusion and pulmonary hypertension. However, there was a 
higher proportion of LV dysfunction among studies reporting the presence of prior heart disease, which suggests that 
cardiac dysfunction was mostly pre-existing.
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factors, such as virulence and inflammatory response, and 
patient-related factors, such as pre-existent cardiovascular 
risk factors and established cardiovascular disease (CVD). 
For this reason, it has been recommended to assess cardiac 
function using transthoracic echocardiography (TTE) to 
guide the management of patients with new or worsening 
cardiovascular symptoms, hemodynamic instability, and 
increased biomarkers levels.2 

At the beginning of the pandemic, there have been 
anecdotal reports of new-onset heart failure (HF) and 
fulminant myocarditis in patients with Covid-19.3,4 Studies 
using cardiovascular magnetic resonance have shown that 
evidence of myocardial inflammation in elite athletes who 
had recently recovered from Covid-19 was common, but with 
uncertain clinical significance.5 Nevertheless, more recent 
reports have shown that myocarditis is far less common (less 
than 2%) than earlier suggested, even among patients with 

Introduction
Coronavirus disease 2019 (Covid-19) caused by the severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
may result in severe respiratory distress and acute cardiac 
injury. Elevated troponin blood levels and imaging showing 
abnormal cardiac function have been associated with worse 
prognosis in patients with acute Covid-19.1 The worse 
prognosis may result from a combination of disease-related 
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elevated circulating troponin levels.6,7 It is also unclear how 
often Covid-19 affects cardiac function, either due to direct 
myocardial injury or through increasing pulmonary resistance 
when the lungs are severely damaged. Echocardiographic 
studies have shown varied findings of left and right ventricular 
dysfunction; for instance, left ventricular (LV) systolic 
dysfunction has been found in less than 10% of patients 
in some studies and almost 40% in others.8,9 Large-scale 
studies showing accurate estimates of the incidence of major 
cardiac dysfunction, its clinical significance, and associated 
risk factors are lacking. Because of the risk of contamination 
of healthcare workers, the use of echocardiography should 
be based on critical consideration of the benefits for the 
patient.10 Therefore, we aimed to summarize the main 
echocardiographic findings of patients with Covid-19 through 
a systematic review and meta-analysis.

Methods

Study design and eligibility criteria
We performed a systematic review, study selection and 

meta-analysis of proportions according with the PRISMA 
statement for meta-analysis.11 We included all studies with 
at least 10 participants describing echocardiogram findings 
in hospitalized patients with Covid-19, published in English, 
Portuguese, and Spanish languages, from inception to July 21, 
2021. Studies that did not report any echocardiogram findings 
were excluded. We also excluded unpublished abstracts, 
studies lacking baseline clinical information of participants 
or insufficient echocardiographic data to obtain the number 
of participants with abnormal cardiac function or structure. 

Information sources and search
We systematically searched in PUBMED, EMBASE, 

LILACS and Cochrane (CENTRAL) databases. We also 
searched articles in the repository of unpublished (preprints) 
manuscripts in MedRxiv (https://www.medrxiv.org/) and Scielo 
preprint databases. Our search used the terms “Covid-19”, 
“SARS CoV 2”, “Coronavirus infection”, “Heart Diseases” 
and “Echocardiography” as descriptors (Medical Subject 
Headings – MeSH) or supplementary concept, and synonyms 
as free text in title and abstract to increase sensitivity. The full 
search strategy was displayed in the supplemental material 
(Supplemental table 3). 

Study selection and data extraction
We merged the search results from each database using 

the EndNote software and removed duplicated studies. Four 
authors (EB, GR, PO, AP) independently examined titles and 
abstracts to remove irrelevant reports. Then, the full texts of 
potentially relevant reports were examined and the studies 
that fulfilled the eligibility criteria were selected. Different 
reports from the same study were linked and the study with 
the largest sample size was selected. Discrepancies were 
resolved by consensus. References of review articles were 
examined for additional studies, and those considered 
eligible were further incorporated into the meta-analysis. 

The following data were extracted from the studies: 
authors’ names, month of publication, previous abnormal 
echocardiogram of patients, sample size of patients undergoing 
echocardiogram, and the number of individuals with LV 
systolic dysfunction, right ventricular (RV) systolic dysfunction, 
pulmonary hypertension, and pericardial effusion. The study-
specific definitions for each echocardiographic abnormality 
were detailed in the supplemental table 2. When LV systolic 
dysfunction was not clearly defined by the authors, we 
adopted a LV ejection fraction (LVEF) below 50%. Abnormal 
global longitudinal strain (GLS) was defined as below 18%. 
Similarly, RV dysfunction was determined by study specific 
definition; otherwise, it was defined as tricuspid annular 
plane systolic excursion (TAPSE) below 17 mm and/or tissue 
Doppler of the free lateral wall of the right ventricle (S’) 
below 9.5 cm/s. Pulmonary hypertension was defined by 
tricuspid regurgitation velocity above 2.8 m/s, pulmonary 
acceleration time below 100 ms and/or pulmonary artery 
systolic pressure (PASP) above 35 mmHg (Supplemental 
Table 2). Only two studies defined pulmonary hypertension 
by different cut off values of PASP: one above 40mmHg,12 
and one above 45mmHg.13 The number of patients with 
LV or RV dysfunction was estimated using the mean LVEF 
and the respective standard deviation (or 95% confidence 
interval) as previously recommended for data extraction in 
systematic reviews.14

Population characteristics, including mean age, proportion 
of men, prevalence of obesity, hypertension, diabetes, 
previous coronary heart disease and heart failure were also 
extracted. All data were entered in a table using Excel software.

Hypothesized sources of heterogeneity
Since patient characteristics varied among the studies, 

we expected a significant heterogeneity across them. We 
decided to evaluate severity of disease using the proportion 
of individuals under mechanical ventilation and history of 
previous CVD (either HF or coronary heart disease). We 
used I2 statistics to identify heterogeneity and meta-regression 
using these characteristics as potential modifiers of abnormal 
echocardiographic findings.

Quality assessment
We used a previously reported tool for evaluating 

methodological quality of observational studies, adapted for 
case reports and case series.14 For each study, the reviewers 
answered the following questions to evaluate whether they 
fulfilled the quality criteria:

– Selection: Does the patient(s) represent(s) the whole 
experience of the investigator (center) or is the selection 
method unclear to the extent that other patients with similar 
presentation may not have been reported?

– Exposure ascertainment: Was the exposure adequately 
ascertained?

– Alternative cause ruled out: Were other alternative 
causes that may explain the observation ruled out?

– Enough follow-up: The echocardiography was performed 
in the most critical moment during the patient hospitalization? 
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– Sufficient detail: Is the case described with sufficient 
details to allow other investigators to replicate the research or 
to allow practitioners make inferences to their own practice?

Funnel plots were used to assess for publication bias, as case 
reports of abnormal cardiac findings might be more likely to be 
published. Funnel plots were constructing by plotting sample 
size against log odds ratio of each outcome, as previously 
proposed to assess publication bias in meta-analysis of non-
comparative proportion studies.15

Statistical analysis
We performed a meta-analysis of proportions to estimate 

the proportion of LV systolic dysfunction, RV systolic 
dysfunction, pulmonary hypertension and pericardial 
effusion among patients with acute Covid-19. To assess 
whether previous CVD and severity of disease influenced the 
proportion of abnormal echo findings, we performed a meta-
regression using the prevalence of CVD and the proportion of 
participants under mechanical ventilation in each study. The 
level of significance was p < 0.05.

Due to expected variability in the selected studies, we 
performed a random-effects meta-analysis with Freeman-
Tukey double arc-sine transformation to account for any 
violation of the assumption of normality in this variable. 
Heterogeneity was assessed with the I2 statistic. The meta-
analysis was performed using Stata (StataCorp. College Station, 
Texas) version 15.0. 

Results

Search Results 
The initial search yielded 11,233 titles, and the final 

number after exclusion of duplicates was 7,550 (Figure 1). 
From these, 318 were potentially relevant studies and the 
respective full texts were assessed for eligibility. Finally, 38 
studies met the eligibility criteria and were included in the 
meta-analysis (Table 1). 

Echocardiographic findings in Covid-19 patients 
Overall, we found that the proportion of LV systolic 

dysfunction was 25% (95%CI: 19, 31; I2 93%; Figure 2), but 
heterogeneity was high across the studies. This heterogeneity 
was neither explained by study-specific prevalence of previous 
CVD (Figure 2, p for interaction = 0.16), nor by the study-
specific proportion of patients under mechanical ventilation 
(Supplemental figure 1, p for interaction = 0.37). Among the 
studies that reported echocardiographic data before SARS-
CoV2 infection, we found a direct relationship between 
previous abnormal echocardiogram and proportions of LV 
dysfunction (Supplemental Figure 3, p for interaction < 0.001). 

RV systolic dysfunction was present in 17% (95%CI 13, 21; 
I2 90%; Figure 3) of patients with Covid-19. However, despite 
the high heterogeneity, previous CVD (p=0.53), pulmonary 
hypertension (p=0.96), or mechanical ventilation (p=0.65) 
do not explain the variation in proportion of RV dysfunction 
across the studies (Figure 3, Supplemental Figures 2 and 4). 

Pulmonary hypertension was found in 23% (95%CI: 15, 33, 
I2 96%; Figure 4) and pericardial effusion was found in 17% 
(95%CI: 9, 26; I2 97%; Figure 5) of patients with Covid-19. 
Abnormal regional LV wall motion were reported in 23% 
(95% CI 12, 38; I2 96%; Figure 6) in Covid-19 patients. GLS 
was abnormal in 34% (95% CI 23, 45; I2 90%) of patients with 
Covid-19 (Figure 7). 

Publication bias
We evaluated potential publication bias of studies reporting 

LV systolic dysfunction, RV systolic dysfunction, pericardial 
effusion, and pulmonary hypertension. Visual analysis of the 
funnel plot suggests publication bias of studies reporting RV 
systolic dysfunction, with a higher likelihood of small studies 
reporting a higher proportion of the outcome (Supplemental 
Figure 5). 

Discussion
In this systematic review of echocardiographic findings 

in patients with Covid-19, we found that the estimated 
proportions of LV systolic dysfunction was 25%, RV systolic 
dysfunction was 17%, pulmonary hypertension was 23% 
and pericardial effusion was 17%. GLS, which is more 
sensitive to detect subclinical LV dysfunction, was abnormal 
in 34% of patients with Covid-19. Despite the method, the 
findings of LV systolic dysfunction varied considerably, with 
lower proportions in studies reporting proportionally fewer 
individuals with previous abnormal echocardiogram. 

The echocardiographic findings in patients with Covid-19 
have been very heterogeneous. The prevalence of LV systolic 
dysfunction, RV dysfunction and RV dilation have ranged from 
5.48 to 37.4%,9 3.68 to 33%,16 and 017 to 46.9%,18 respectively. 
While most studies have pointed out RV dysfunction and/or 
dilation as the most frequent echocardiographic changes,19-22 
others have found LV systolic dysfunction to be more 
prevalent.8,9 The contradictory results about the prevalence 
and consequences of echocardiographic changes among 
patients with Covid-19 may be explained by several factors. 
Relatively small samples, referral bias, different TTE protocols, 
inaccurate definitions of echocardiographic abnormalities, 
and differences of population characteristics, such as the 
proportion of patients on mechanical ventilation and/or with 
previous CVD, might have led to the wide-ranging conclusions 
about cardiac manifestations of Covid-19. In the search for 
sources of heterogeneity, some interesting points should be 
mentioned in our study. When we separated the studies by 
the proportion of patients under mechanical ventilation (as 
an indicator of disease severity), the proportions of LV and RV 
dysfunction did not change. When we analyzed a population 
composed of healthier individuals (the lowest tertile of 
prior CVD prevalence), the proportion of patients with LV 
dysfunction tended to be lower, but this difference was not 
statistically significant. On the other hand, it is conceivable 
that high proportions of abnormal echocardiographic 
findings at the beginning of the pandemic reflect previous LV 
dysfunction, as we found higher proportion of LV dysfunction 
in studies reporting proportionally more individuals with 
previous abnormal echocardiogram. An analysis from the 
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Brazilian Echocardiographic Registry showed that patients 
with Covid-19 without previous CVD were less likely to have 
LV systolic dysfunction than those with previous CVD (13 vs 
34%, p <0.001).23

The study by Dweck et al.9 was the first (and the largest) 
to show that echocardiographic abnormalities were very 
common in hospitalized Covid-19 patients. Using an online 
survey which collected data from 1,216 patients (26% with 
pre-existing CVD) of 69 countries, they found that more than 
half of the patients (55%) had an abnormal TTE. Subjects with 
abnormal echocardiographic findings were older, and had a 
higher prevalence of pre-existing CVD, HF or valvular heart 
disease. Any degree of LV systolic dysfunction was diagnosed 
in 37.4% of subjects and biventricular impairment in 14.3%. 
On the other hand, only 3% had evidence of a new myocardial 
infarction, 3% of myocarditis and 2% of findings suggestive of 
Takotsubo syndrome. The study was limited by selection bias, 

which might have led to the overestimation of cardiac findings.
In order to mitigate referral bias, Szekely et al.19 systematically 

performed TTE in 100 consecutive patients hospitalized for 
Covid-19, 43% of which had prior CVD. They found that the 
most frequent abnormality was RV dysfunction/dilation (39%) 
while only a minority of patients (10%) presented LV systolic 
dysfunction.19 In addition, Covid-19 patients with myocardial 
injury or worse clinical condition did not have any significant 
difference in LV systolic function but had worse RV function 
when compared to patients without myocardial injury or better 
clinical condition. The higher prevalence of RV dysfunction 
and small proportion of LV dysfunction have been similarly 
found in other smaller studies.20,21,24 Although most studies of 
this meta-analysis have not clearly identified the presence of 
pre-existing echocardiographic changes, it is possible that in 
a small proportion of patients, LV systolic dysfunction reflects 
a Covid-19-related “de novo” LV impairment, particularly 

Figure 1 – Flow-chart of study selection for the meta-analysis.

Records identified through 
database searching 

(11,219 studies)

Additional records 
identified through other 

sources (14 studies)

Records after duplicates removed (7,550)

Records screened (7,550)

Full-text articles assessed for 
eligibility (318)

Studies included in qualitative 
synthesis (38)

Studies included in quantitative 
synthesis (meta-analysis) (38)

Full-text articles excluded (280):
- Studies without echocardiogram data (110);
- Studies with n <10 patients (64);
- Studies with not Covid-19 population (52);
- Duplicate (12);
- Other (42)

Records excluded from title and 
abstract (n = 7,232)
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in those without previous CVD. Moreover, echocardiographic 
abnormalities might denote the presence of pre-existing stable 
cardiac disease that has worsened because of the SARS-CoV-2 
infection. Therefore, it appears that the prevalence of cardiac 
dysfunction is lower than that suggested at the beginning of 
the pandemic. Data regarding the use of echocardiography 
on hospitalized Covid-19 patients, retrieved from studies with 
variable designs, sample sizes, and severity scores, have shown 
that normal echocardiographic findings were reported in about 
50% of subjects, with LVEF usually less affected.25 Indeed, it has 
been recently shown that persistent LV dysfunction is uncommon 
after Covid-19:  in patients who had elevated troponin blood 
levels, cardiovascular magnetic resonance two months after 
infection revealed LV systolic dysfunction in only 11% of patients, 
although one-third had findings suggestive of myocarditis.6 

Since the major efforts of the scientific community aim 
to prevent the severe health consequences of the Covid-19 

pandemic, it has been challenging to balance the use of 
echocardiography to provide high-quality medical care without 
an increase in the risk of cross-infection between healthcare 
professionals and patients. On the other hand, it is important 
to emphasize that the presence of cardiac dysfunction is 
independently associated with worse prognosis in patients 
with severe Covid-19.26,27 Echocardiographic parameters that 
identify myocardial damage earlier and more accurately than 
the traditional ones, such as two-dimensional LV or RV GLS, 
have been less used in the context of Covid-19 due to the 
recommendations for using focused protocols, which reduces 
the exposure of health care professionals to infection. Our meta-
analysis showed that studies that assessed LV systolic function with 
GLS detected a higher proportion of patients with LV dysfunction 
compared to those that used LVEF. A recently published meta-
analysis showed that lower LV and RV GLS were independently 
associated with poor outcome in Covid-19.28

Figure 2 – Proportion of left ventricular dysfunction in patients with Covid-19 across the studies according to the prevalence of cardiovascular diseases. 
CVD: cardiovascular diseases. LV: left ventricular. * Studies were divided according to the percentage of patients with CVD: Lowest tercile (less than 15%), 
Middle tercile (15 to 21%) and the highest tercile (>21%).

First author (Month Year)

Lowest tecile CVD
Deng (Mar2020)

Bangalore (Apr2020)
Szekely (May2020)
Dwerck (Jun2020)
Krishnamoorthy (Aug2020)
Lassen (Oct2020)
Jain (Oct2020)
Shmueli (Jan2020)
Pishgahi (Feb2021)
Li (Mar2021)

Middle tecile CVD

Highest tecile CVD
Rath (May2020)
Ge (May2020)
Vasudev (Jun2020)
Stefanini (Jun2020)
van den Heuvel (Jul2020)
Lazzeri (Jul2020)
Kunal (Oct2020)
Weckbach (Nov2020)

6

9
10

112

17
100

4.48

2.94
4.43
4.91
2.53
4.69
4.29
4.14
4.87
4.61
37.40

4.42
4.02
3.92
3.49
4.02
3.49
3.49
3.01
29.85

100.00

0.05 (0.02, 0.11)

0.53 (0.28, 0.77)
0.10 (0.05, 0.18)
0.37 (0.35, 0.40)
0.58 (0.28, 0.85)
0.18 (0.13, 0.24)
0.32 (0.22, 0.44)
0.23 (0.13, 0.36)
0.23 (0.20, 0.26)
0.30 (0.23, 0.38)
0.28 (0.20, 0.36)

0.23 (0.15, 0.33)
0.16 (0.07, 0.29)
0.31 (0.18, 0.47)
0.61 (0.41, 0.78)
0.27 (0.16, 0.42)
0.21 (0.08, 0.41)
0.39 (0.22, 0.59)
0.33 (0.13, 0.59)
0.30 (0.21, 0.39)

0.25 (0.19, 0.31)

0 .25 .5 .75 1
Proportion

0.03 (0.01, 0.07)
0.16 (0.06, 0.32)
0.00 (0.00, 0.19)
0.18 (0.13, 0.25)
1.00 (0.78, 1.00)
0.19 (0.16, 0.22)
0.18 (0.13, 0.24)
0.17 (0.09, 0.28)

6 37 3.75
0 18 3.01
30 164 4.62
15 15 2.79
165

455
7
39
25 77
14 60
156 680
47

23
8
14
17
14
6
11
6

157

98
51
45
28
51
28
28
18

214

1216
12

870 4.89
40 223 4.70

32.75

3 120 4.51Li (Apr2020)
Rodríquez-Santamarta (Jul2020)
Stöbe (Jul2020)
Moody (Jan2021)
Mercedes (Apr2021)
Karagodin (May2021)
Barberato (Jul2021)
Subtotal (I^2 = 94.18%, p = 0.00)

Subtotal (I^2 = 91.84%, p = 0.00)

Subtotal (I^2 = 65.70%, p = 0.00)

Overall (I^2 = 92.94%, p = 0.00)
Heterogeneity between groups: p = 0.164

Events Total ES (95% CI)
% 
Weight

LV systolic dysfunction

273



Arq Bras Cardiol. 2022; 119(2):267-279

Original Article

Barberato et al.
Echocardiogram in Covid-19

Our study has limitations that deserve attention. Most studies are 
subject to referral bias because echocardiograms were performed 
at the discretion of the attending physician, which may have 
overestimated the occurrence of abnormal echocardiographic 
findings. Most studies had a retrospective design, except for one 
prospective study in which TTE was performed in consecutive 
patients hospitalized for Covid-19, regardless of clinical indication.19 
Moreover, population characteristics and presentation of Covid-19 
varied across studies, resulting in considerable heterogeneity. 
Although we explored a few sources of heterogeneity, 
heterogeneity remained high within subgroups. Echocardiogram-
related technical aspects, leading to potential misclassification bias, 
and different definitions of cardiac abnormalities may be additional 
sources of heterogeneity. For instance, bedside evaluation of RV 
function and pulmonary hypertension may be limited in critical 
ill patients. Also, most studies did not report the presence of prior 
cardiac abnormalities nor whether the echocardiographic findings 
were new. Finally, because of language restriction in our search, 
possible exclusion of relevant papers that were not published in 
Portuguese, English or Spanish may not be excluded.

Conclusion
In hospitalized patients with Covid-19, abnormal 

echocardiographic findings indicating LV dysfunction have 
been reported in one of four patients. Lower prevalence 
of RV dysfunction and pericardial effusion was detected, 
although LV systolic dysfunction may be related to prior 
heart disease. Indeed, we found a direct association between 
previous abnormal echocardiogram and the proportions 
of LV dysfunction in the subgroup of studies that reported 
previous echocardiogram, which provide insights that help 
plan echocardiographic studies in Covid-19.  

Author contributions 
 Conception and design of the research:  Silvio Henrique 

Barberato, Eduardo G. Bruneto, Odilson Silvestre, Miguel 
M. Fernandes Silva; Acquisition of data and Writing of the 
manuscript: Silvio Henrique Barberato, Eduardo G. Bruneto, 
Gabriel S. Reis, Paula Rauen Franco de Oliveira, Alexandre 
F. Possamai, Miguel M. Fernandes Silva; Analysis and 
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Figure 4 – Proportion of pulmonary hypertension in patients with Covid-19.
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Figure 5 – Proportion of pericardial effusion in patients with Covid-19.
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Figure 6 – Proportion of regional LV motion abnormality in patients with Covid-19. LV:  left ventricular.
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Figure 7 – Proportion of Abnormal LV global longitudinal strain in patients with Covid-19. LV:  left ventricular; GLS:  global longitudinal strain.

First author (Month Year)

Lassen (Oct2020)

Lairez (Oct2020)

Weckbach (Nov2020)

Bagate (Dec2020)

Gonzales (Dec2020)

Shmueli (Jan2021)

Karagodin (May2021)

10.61

8.35

7.20

11.99

9.67

8.35

11.00

9.60

10.85

12.38

100.00

0.59 (0.44, 0.72)

0.56 (0.31, 0.78)

0.08 (0.00, 0.38)

0.16 (0.12, 0.22)

0.39 (0.22, 0.58)

0.78 (0.52, 0.94)

0.15 (0.07, 0.26)

0.13 (0.04, 0.31)

0.53 (0.40, 0.66)

0.25 (0.22, 0.28)

0.34 (0.23, 0.45)

0 .25 .5 .75 1

Proportion

30

10

1

35

12

14

10

4

32

218

51

18

12

214

31

18

67

30

60

870

Overall (I^2 = 90.41%, p = 0.00)

Events Total ES (95% CI)
% 
Weight

Abnormal LV GLS

Stöbe (Aug2020)

van den Heuvel (Jul2020)

Krishnamoorthy (Aug2020)

276



Arq Bras Cardiol. 2022; 119(2):267-279

Original Article

Barberato et al.
Echocardiogram in Covid-19

interpretation of the data:  Silvio Henrique Barberato, Eduardo 
G. Bruneto, Gabriel S. Reis, Paula Rauen Franco de Oliveira, 
Alexandre F. Possamai, Odilson Silvestre, Miguel M. Fernandes 
Silva; Statistical analysis:  Silvio Henrique Barberato, Eduardo 
G. Bruneto, Miguel M. Fernandes Silva; Critical revision of the 
manuscript for intellectual content:  Silvio Henrique Barberato, 
Odilson Silvestre, Miguel M. Fernandes Silva.

Potential Conflict of Interest 

No potential conflict of interest relevant to this article was 
reported. 

Sources of Funding 

There were no external funding sources for this study. 

  

Study Association 

This study is not associated with any thesis or dissertation 
work. 

Ethics approval and consent to participate 

This article does not contain any studies with human 
participants or animals performed by any of the authors. 

1.  Costa IBSDS, Bittar CS, Rizk SI, Araújo Filho AE, Santos KAQ, Machado TIV, 
et al. The Heart and Covid-19: What Cardiologists Need to Know. Arq Bras 
Cardiol. 2020;114(5):805-16. doi: 10.36660/abc.20200279.

2.  Costa IBSDS, Rochitte CE, Campos CM, Barberato SH, Oliveira 
GMM, Lopes MACQ, et al Cardiovascular Imaging and Interventional 
Procedures in Patients with Novel Coronavirus Infection. Arq Bras 
Cardiol. 2020;115(1):111-26. doi: 10.36660/abc.20200370.

3.  Dong N, Cai J, Zhou Y, Liu J, Li F. End-Stage Heart Failure With Covid-19: 
Strong Evidence of Myocardial Injury by 2019-nCoV. JACC Heart Fail. 
2020;8(6):515-7. doi: 10.1016/j.jchf.2020.04.001.

4.  Garot J, Amour J, Pezel T, Dermoch F, Messadaa K, Felten ML, et al. SARS-
CoV-2 Fulminant Myocarditis. JACC Case Rep. 2020;2(9):1342-6. doi: 
10.1016/j.jaccas.2020.05.060. 

5.  Puntmann VO, Carerj ML, Wieters I, Fahim M, Arendt C, Hoffmann J, et 
al. Outcomes of Cardiovascular Magnetic Resonance Imaging in Patients 
Recently Recovered From Coronavirus Disease 2019 (Covid-19). JAMA 
Cardiol. 2020;5(11):1265-73. doi: 10.1001/jamacardio.2020.3557. 

6.  Kotecha T, Knight DS, Razvi Y, Kumar K, Vimalesvaran K, Thornton G, 
et al. Patterns of Myocardial Injury in Recovered Troponin-positive 
Covid-19 Patients Assessed by Cardiovascular Magnetic Resonance. Eur 
Heart J. 2021;42(19):1866-78. doi: 10.1093/eurheartj/ehab075. 

7.  Martinez MW, Tucker AM, Bloom OJ, Green G, DiFiori JP, Solomon G, 
et al. Prevalence of Inflammatory Heart Disease Among Professional 
Athletes With Prior Covid-19 Infection Who Received Systematic 
Return-to-Play Cardiac Screening. JAMA Cardiol. 2021;6(7):745-52. 
doi: 10.1001/jamacardio.2021.0565. 

8.  Deng Q, Hu B, Zhang Y, Wang H, Zhou X, Hu W, et al. Suspected 
Myocardial Injury in Patients with Covid-19: Evidence from Front-line 
Clinical Observation in Wuhan, China. Int J Cardiol. 2020;311:116-21. 
doi: 10.1016/j.ijcard.2020.03.087. 

9.  Dweck MR, Bularga A, Hahn RT, Bing R, Lee KK, Chapman AR, et al. Global 
Evaluation of Echocardiography in Patients with Covid-19. Eur Heart J 
Cardiovasc Imaging. 2020;21(9):949-58. doi: 10.1093/ehjci/jeaa178. 

10.  Beck ALS, Barberato SH, Almeida ALC, Grau CRPC, Lopes MMU, Lima 
RSL, et al. Position Statement on Indications and the Safe Reintroduction 
of Cardiovascular Imaging Methods in the Covid-19 Scenario - 2021. Arq 
Bras Cardiol. 2021;116(3):659-78. doi: 10.36660/abc.20210133. 

11.  Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, et 
al. The PRISMA Statement for Reporting Systematic Reviews and Meta-
analyses of Studies that Evaluate Healthcare Interventions: Explanation 
and Elaboration. BMJ. 2009;339:b2700. doi: 10.1136/bmj.b2700. 

12.  Bagate F, Masi P, d’Humières T, Al-Assaad L, Chakra LA, Razazi K, et al. 
Advanced Echocardiographic Phenotyping of Critically ill Patients with 
Coronavirus-19 Sepsis: A Prospective Cohort Study. J Intensive Care. 
2021;9(1):12. doi: 10.1186/s40560-020-00516-6.

13.  Lazzeri C, Bonizzoli M, Batacchi S, Cianchi G, Franci A, Fulceri GE, 
et al. Cardiac Involvment in Covid-19-Related Acute Respiratory 
Distress Syndrome. Am J Cardiol. 2020;132:147-9. doi: 10.1016/j.
amjcard.2020.07.010.

14.  Murad MH, Sultan S, Haffar S, Bazerbachi F. Methodological Quality 
and Synthesis of Case Series and Case Reports. BMJ Evid Based Med. 
2018;23(2):60-3. doi: 10.1136/bmjebm-2017-110853. 

15.  Hunter JP, Saratzis A, Sutton AJ, Boucher RH, Sayers RD, Bown MJ. In 
meta-Analyses of Proportion Studies, Funnel Plots were Found to be 
an Inaccurate Method of Assessing Publication Bias. J Clin Epidemiol. 
2014;67(8):897-903. doi: 10.1016/j.jclinepi.2014.03.003. 

16.  Li Y, Li H, Zhu S, Xie Y, Wang B, He L, et al. Prognostic Value of Right 
Ventricular Longitudinal Strain in Patients With Covid-19. JACC Cardiovasc 
Imaging. 2020;13(11):2287-99. doi: 10.1016/j.jcmg.2020.04.014. 

17.  van den Heuvel FMA, Vos JL, Koop Y, van Dijk APJ, Duijnhouwer AL, 
de Mast Q, et al. Cardiac Function in Relation to Myocardial Injury in 
Hospitalised Patients with Covid-19. Neth Heart J. 2020;28(7-8):410-7. 
doi: 10.1007/s12471-020-01458-2. 

18.  Rath D, Petersen-Uribe Á, Avdiu A, Witzel K, Jaeger P, Zdanyte M, et al. 
Impaired Cardiac Function is Associated with mortality in Patients with 
Acute Covid-19 Infection. Clin Res Cardiol. 2020;109(12):1491-9. doi: 
10.1007/s00392-020-01683-0. 

19.  Szekely Y, Lichter Y, Taieb P, Banai A, Hochstadt A, Merdler I, et 
al. Spectrum of Cardiac Manifestations in Covid-19: A Systematic 
Echocardiographic Study. Circulation. 2020;142(4):342-53. doi: 
10.1161/CIRCULATIONAHA.120.047971. 

20.  Jain SS, Liu Q, Raikhelkar J, Fried J, Elias P, Poterucha TJ, et al. Indications 
for and Findings on Transthoracic Echocardiography in Covid-19. J Am Soc 
Echocardiogr. 2020;33(10):1278-84. doi: 10.1016/j.echo.2020.06.009. 

21.  Tsolaki V, Zakynthinos GE, Mantzarlis K. Right Ventricular Dilation: 
The Additive Effect of Mechanical Ventilation on Pulmonary Embolism 
in Covid-19 Patients. Thromb Res. 2020;196:25-6. doi: 10.1016/j.
thromres.2020.07.057. 

22.  Sud K ,  Voge l  B,  Bohra  C ,  Garg  V,  Ta leb i  S ,  Le rak i s  S ,  e t  a l . 
Echocardiographic Findings in Patients with Covid-19 with Significant 
Myocardial Injury. J Am Soc Echocardiogr. 2020;33(8):1054-5. doi: 
10.1016/j.echo.2020.05.030. 

23.  Barberato SH, Borsoi R, Roston F, Miranda HLM, Patriota P, Otto 
MEB et al. Echocardiographic Findings in Patients with Covid-19 with 
and without Previous Cardiovascular Diseases. Arq Bras Cardiol. 
2021;117(6):1207-11. doi: 10.36660/abc.20201300.

24.  Mahmoud-Elsayed HM, Moody WE, Bradlow WM, Khan-Kheil AM, 
Senior J, Hudsmith LE, et al. Echocardiographic Findings in Patients With 
Covid-19 Pneumonia. Can J Cardiol. 2020;36(8):1203-7. doi: 10.1016/j.
cjca.2020.05.030. 

References

277



Arq Bras Cardiol. 2022; 119(2):267-279

Original Article

Barberato et al.
Echocardiogram in Covid-19

25.  Messina A, Sanfilippo F, Milani A, Calabrò L, Negri K, García MIM, et al. Covid-
19-related Echocardiographic Patterns of Cardiovascular Dysfunction in 
Critically ill Patients: A Systematic Review of the Current Literature. J Crit Care. 
2021;65:26-35. doi: 10.1016/j.jcrc.2021.05.010.

26.  Lassen MCH, Skaarup KG, Lind JN, Alhakak AS, Sengeløv M, Nielsen AB, et al. 
Echocardiographic Abnormalities and Predictors of Mortality in Hospitalized 
Covid-19 Patients: The ECHOVID-19 Study. ESC Heart Fail. 2020;7(6):4189–
97. doi: 10.1002/ehf2.13044.

27.  Giustino G, Pinney SP, Lala A, Reddy VY, Johnston-Cox HA, Mechanick JI, et al. 
Coronavirus and Cardiovascular Disease, Myocardial Injury, and Arrhythmia: 
JACC Focus Seminar. J Am Coll Cardiol. 2020;76(17):2011-23. doi: 10.1016/j.
jacc.2020.08.059. 

28.  Wibowo A, Pranata R, Astuti A, Tiksnadi BB, Martanto E, Martha JW, et al. Left 
and Right Ventricular Longitudinal Strains are Associated with Poor Outcome 
in Covid-19: A Systematic Review and Meta-analysis. J Intensive Care. 
2021;9(1):9. doi: 10.1186/s40560-020-00519-3. 

29.  Bangalore S, Sharma A, Slotwiner A, Yatskar L, Harari R, Shah B, et al. ST-
Segment Elevation in Patients with Covid-19 - A Case Series. N Engl J Med. 
2020;382(25):2478-80. doi: 10.1056/NEJMc2009020. 

30.  Heng G, Mingli Z, Jing D, Yong Z, Wei W, Wei Z, et al. Cardiac Structural and 
Functional Characteristics in Patients with Coronavirus Disease 2019: A Serial 
Echocardiographic Study. Ahead of print [Internet].

31.  Evrard B, Goudelin M, Montmagnon N, Fedou AL, Lafon T, Vignon P. 
Cardiovascular Phenotypes in Ventilated Patients with Covid-19 Acute 
Respiratory Distress Syndrome. Crit Care. 2020;24(1):236. doi: 10.1186/
s13054-020-02958-8. 

32.  Stefanini GG, Montorfano M, Trabattoni D, Andreini D, Ferrante G, Ancona M, 
et al. ST-Elevation Myocardial Infarction in Patients With Covid-19: Clinical and 
Angiographic Outcomes. Circulation. 2020;141(25):2113-6. doi: 10.1161/
CIRCULATIONAHA.120.047525. 

33.  Vasudev R, Guragai N, Habib H, Hosein K, Virk H, Goldfarb I, et al. The Utility of 
Bedside Echocardiography in Critically ill Covid-19 Patients: Early Observational 
Findings from Three Northern New Jersey Hospitals. Echocardiography. 
2020;37(9):1362-5. doi: 10.1111/echo.14825. 

34.  Rodríguez-Santamarta M, Minguito-Carazo C, Echarte-Morales JC, Del Castillo-
García S, Valdivia-Ruiz J, Fernández-Vázquez F. Echocardiographic Findings 
in Critical Patients with Covid-19. Rev Esp Cardiol. 2020;73(10):861-3. doi: 
10.1016/j.recesp.2020.06.029.

35.  Stöbe S, Richter S, Seige M, Stehr S, Laufs U, Hagendorff A. Echocardiographic 
Characteristics of Patients with SARS-CoV-2 Infection. Clin Res Cardiol. 
2020;109(12):1549-66. doi: 10.1007/s00392-020-01727-5.

36.  Giustino G, Croft LB, Oates CP, Rahman K, Lerakis S, Reddy VY, et al. Takotsubo 
Cardiomyopathy in Covid-19. J Am Coll Cardiol. 2020;76(5):628-9. doi: 
10.1016/j.jacc.2020.05.068.

37.  Krishnamoorthy P, Croft LB, Ro R, Anastasius M, Zhao W, Giustino G, et al. 
Biventricular Strain by Speckle Tracking Echocardiography in Covid-19: Findings 
and Possible Prognostic Implications. Future Cardiol. 2021;17(4):663–7.

38.  Schott JP, Mertens AN, Bloomingdale R, O’Connell TF, Gallagher MJ, Dixon 
S, et al. Transthoracic Echocardiographic Findings in Patients Admitted with 
SARS-CoV-2 Infection. Echocardiography. 2020;37(10):1551-6. doi: 10.1111/
echo.14835. 

39.  Duerr GD, Heine A, Hamiko M, Zimmer S, Luetkens JA, Nattermann J, et al. 
Parameters Predicting Covid-19-induced Myocardial Injury and Mortality. Life 
Sci. 2020;260:118400. doi: 10.1016/j.lfs.2020.118400. 

40.  Showkathali R, Yalamanchi R, Sankeerthana MP, Kumaran SN, Shree S, 
Nayak R, et al. Acute Coronary Syndrome admissions and Outcome during 

Covid-19 Pandemic-Report from Large Tertiary Centre in India. Indian Heart J. 
2020;72(6):599-602. doi: 10.1016/j.ihj.2020.09.005. 

41.  Lairez O, Blanchard V, Houard V, Vardon-Bounes F, Lemasle M, Cariou 
E, et al. Cardiac Imaging Phenotype in Patients with Coronavirus Disease 
2019 (Covid-19): Results of the Cocarde Study. Int J Cardiovasc Imaging. 
2021;37(2):449-57. doi: 10.1007/s10554-020-02010-4. 

42.  Weckbach LT, Curta A, Bieber S, Kraechan A, Brado J, Hellmuth JC, et 
al. Myocardial Inflammation and Dysfunction in Covid-19-Associated 
Myocardial Injury. Circ Cardiovasc Imaging. 2021;14(1):e012220. doi: 
10.1161/CIRCIMAGING.120.011713. 

43.  Argulian E, Sud K, Vogel B, Bohra C, Garg VP, Talebi S, et al. Right Ventricular 
Dilation in Hospitalized Patients With Covid-19 Infection. JACC Cardiovasc 
Imaging. 2020;13(11):2459-61. doi: 10.1016/j.jcmg.2020.05.010. 

44.  Gonzalez F, Gomes R, Bacariza J, Michard F. Could Strain Echocardiography 
Help to Assess Systolic Function in Critically ill Covid-19 Patients? J Clin Monit 
Comput. 2021;35(5):1229-34. doi: 10.1007/s10877-021-00677-1. 

45.  Ferrante G, Fazzari F, Cozzi O, Maurina M, Bragato R, D’Orazio F, et al. Risk 
Factors for Myocardial Injury and Death in Patients with Covid-19: Insights 
from a Cohort Study with Chest Computed Tomography. Cardiovasc Res. 
2020;116(14):2239-46. doi: 10.1093/cvr/cvaa193. 

46.  Shmueli H, Shah M, Ebinger JE, Nguyen LC, Chernomordik F, Flint N, et 
al. Left Ventricular Global Longitudinal Strain in Identifying Subclinical 
Myocardial Dysfunction Among Patients Hospitalized with Covid-19. Int J 
Cardiol Heart Vasc. 2021;32:100719. doi: 10.1016/j.ijcha.2021.100719.

47.  Moody WE, Mahmoud-Elsayed HM, Senior J, Gul U, Khan-Kheil AM, Horne 
S, et al. Impact of Right Ventricular Dysfunction on Mortality in Patients 
Hospitalized With Covid-19, According to Race. CJC Open. 2021;3(1):91-
100. doi: 10.1016/j.cjco.2020.09.016. 

48.  Pishgahi M, Toudeshki KK, Safari S, Yousefifard M. Echocardiographic 
Abnormalities as Independent Prognostic Factors of In-Hospital Mortality 
among Covid-19 Patients. Arch Acad Emerg Med. 2021;9(1):e21. doi: 
10.22037/aaem.v9i1.1155. 

49.  Morin DP, Manzo MA, Pantlin PG, Verma R, Bober RM, Krim SR, et al. Impact 
of Preinfection Left Ventricular Ejection Fraction on Outcomes in Covid-19 
Infection. Curr Probl Cardiol. 2021;46(10):100845. doi: 10.1016/j.
cpcardiol.2021.100845. 

50.  Norderfeldt J, Liliequist A, Frostell C, Adding C, Agvald P, Eriksson M, et 
al. Acute Pulmonary Hypertension and Short-term Outcomes in Severe 
Covid-19 Patients Needing Intensive Care. Acta Anaesthesiol Scand. 
2021;65(6):761-9. doi: 10.1111/aas.13819. 

51.  Li Y, Fang L, Zhu S, Xie Y, Wang B, He L, et al. Echocardiographic 
Characteristics and Outcome in Patients With Covid-19 Infection and 
Underlying Cardiovascular Disease. Front Cardiovasc Med. 2021;8:642973. 
doi: 10.3389/fcvm.2021.642973. 

52.  Liaqat A, Ali-Khan RS, Asad M, Rafique Z. Evaluation of Myocardial Injury 
Patterns and ST Changes Among Critical and Non-critical Patients with 
Coronavirus-19 Disease. Sci Rep. 2021;11(1):4828. doi: 10.1038/s41598-
021-84467-4. 

53.  Mercedes BR, Serwat A, Naffaa L, Ramirez N, Khalid F, Steward SB, et al. 
New-onset Myocardial Injury in Pregnant Patients with Coronavirus Disease 
2019: A Case Series of 15 Patients. Am J Obstet Gynecol. 2021;224(4):387. 
doi: 10.1016/j.ajog.2020.10.031. 

54.  Karagodin I, Singulane CC, Woodward GM, Xie M, Tucay ES, Rodrigues ACT, 
et al. Echocardiographic Correlates of In-Hospital Death in Patients with 
Acute Covid-19 Infection: The World Alliance Societies of Echocardiography 
(WASE-COVID) Study. J Am Soc Echocardiogr. 2021;34(8):819-30. doi: 
10.1016/j.echo.2021.05.010.

*Supplemental Materials
For additional information, please click here.

278

http://abccardiol.org/supplementary-material/2022/11902/2021-0485-Supplemental-material.pdf


Arq Bras Cardiol. 2022; 119(2):267-279

Original Article

Barberato et al.
Echocardiogram in Covid-19

This is an open-access article distributed under the terms of the Creative Commons Attribution License

279


