S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Heart & Lung 52 (2022) 136145

Contents lists available at ScienceDirect

Heart & Lung

journal homepage: www.heartandlung.com | — =

Incidence of cardiac complications following COVID-19 infection: N

Check for

An umbrella meta-analysis study

Mehdi Jafari-Oori, PhD?, Seyed Tayeb Moradian, PhD?, Abbas Ebadi, PhD", Mojtaba jafari, PhD¢,

Manijeh Dehi, PhD%*

2 Assistant professor in nursing, Atherosclerosis research center, Faculty of Nursing, Bagiyatallah University of Medical Sciences, Tehran, Iran

b Professor in nursing, Behavioral Sciences Research Center, Life Style Institute, Faculty of Nursing, Bagiyatallah University of Medical Sciences, Tehran, Iran
€ Assistant professor in nursing, Faculty of Nursing, Bam University of Medical Sciences, Bam, Iran

d Assistant professor in nursing, Department of Nursing, Maragheh University of Medical Sciences, Maragheh, Iran

ARTICLE INFO

Article History:

Received 12 October 2021
Revised 1 January 2022
Accepted 3 January 2022
Available online 10 January 2022

Keywords:

Cardiac complications
Cardiac injury
Incidence

COVID-19

Umbrella review
Meta-analysis

ABSTRACT

Background: COVID-19 causes fatal cardiac damages. Despite many overwhelming meta-analysis related to
cardiac complications following COVID-19 disease, no umbrella meta-analysis study has been conducted.
Objectives: We aimed to report the summarized pooled incidences of cardiac complications in the overall,
critically ill, and deceased patients, compare the cardiac complications between the severe/non-severe or
deceased/non-deceased patients, and also compare poor outcomes between patients with/without acute
myocardial injury (AMI).
Methods: PubMed, Scopus, web of science, Cochrane, ProQuest, Springer, Sage journals were searched before
April 2021. After assessing the quality and duplicate data, data were run by the random/fixed-effect models,
12 heterogeneity index, Egger’s test, and sensitivity analysis.
Results: After removing duplicate data, in the overall COVID-19 patients, the pooled incidence of AMI, heart
failure, arrhythmia, cardiac arrest, and acute coronary syndrome (ACS) were 21%, 14%, 16%, 3.46%, and 1.3%,
respectively. In the patients with severe disease, the pooled incidence of AMI and shock were 33 and 35%,
respectively. Similarly, in the deceased COVID-19 patients, the pooled incidence rate of AMI and arrhythmia
were 56% and 47.5%, respectively. The patients with severe disease were at higher risk of AMI (RR = 5.27) and
shock (OR = 20.18) compared with the non-severe cases. Incidence of AMI was associated with transfer to
the intensive care units (ICU) (RR = 2.92) and mortality (RR = 2.57, OR = 8.36), significantly.
Conclusion: Cardiac complications were found to be increased alarmingly in COVID-19 patients. Baseline and
during hospitalization checking with electrocardiography, echocardiography, and measuring of cardiac bio-
markers should be applied.

© 2022 Elsevier Inc. All rights reserved.

Introduction

from 4.2 to 25.>~7 The incidence is higher in COVID-19 patients with
severe disease.’

COVID-19 usually presents with symptoms of a respiratory infec-
tion, but extra-pulmonary symptoms, including neurological, respira-
tory, renal, and cardiac complications, are also common.! Cardiac
diseases are more prevalent in hospitalized patients with COVID-19.?
Studies have reported different incidence rates of cardiac injuries

Abbreviations: ACS, acute coronary syndrome; AMI, acute myocardial injury; AKI,
acute kidney injury; ARDS, acute respiratory distress syndrome; AHI, acute hepatic
injury; MI, myocardial infarction; ACE2, angiotensin-converting enzyme 2; HF, heart
failure; OR, odds ratio; RR, risk ratio; ICU, intensive care unit; JBI, joanna briggs insti-
tute; CI, confidence interval; PRISMA, preferred reporting items for systematic reviews
and meta-analyses; AMSTAR, assessment of multiple systematic reviews tool; DIC, dis-
seminated intravascular coagulation; CRS, cytokine release syndrome
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Diverse cardiac complications, including acute myocardial injury
(AMI), myocarditis, heart failure (HF), arrhythmia, pericardial effu-
sion, cardiomyopathy, myocardial infarction (MI), cardiogenic shock,
and cardiac biomarkers elevation have been addressed in different
studies."® ' A wide range of cardiac involvement, from increased
blood biomarkers with no clinical symptoms (such as abnormalities
on cardiac imaging or asymptomatic cardiac arrhythmias) to severe
cardiac injuries, has been reported in COVID-19 patients.'? In some
studies, recovery occurred within a few days,'>~!° whereas in others,
fulminant myocarditis resulted in a prolonged recovery.'>'® In
patients with severe disease, the newly developed cardiac complica-
tions often lead to poor outcomes such as admission to the intensive
care unit (ICU) or mortality.'”"'® Direct myocardial injury from hemo-
dynamic disorders or hypoxemia, inflammatory myocarditis, stress
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cardiomyopathy, thrombosis due to hypercoagulability, or systemic
inflammation, are addressed as a potential mechanism of cardiac
injury."®

Several systematic reviews and meta-analysis studies related to
diverse cardiovascular complications following COVID-19 disease
have been published so far.?° 2 However, as the number of individ-
ual review studies increases, clinical practitioners may find it difficult
to keep track of information.>*> Additionally, different incidence rates
were reported for each cardiac complication in every individual
review study. Also, some primary studies included in some reviews
were mostly with case report design, which due to their small sample
size, the accuracy of their reported effect measure became question-
able. In addition, only a few reviews reported cardiac complications
based on the disease severity. Additionally, some previous studies
have not specified the exact number of cardiac complications and
poor outcomes associated with them. Therefore, this umbrella review
study attempts to fill the mentioned gaps with three contributions to
the existing literature. As a first contribution, we tried to provide a
summarized pooled incidence of the cardiac complications based on
non-severe, severe cases, and deceased COVID-19 patients, which
can facilitate data understanding for clinicians. Our next contribu-
tions are to determine which one of the incidences of cardiac compli-
cations is more than others or which one of them has a strong
association with poor outcomes, which have remained unclear so far.
Therefore, to fill these gaps, the authors aimed to conduct the present
study.

Methods

This umbrella meta-analysis study was conducted according to
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement for systematic reviews and meta-anal-
yses>* and Joanna Briggs Institute (JBI) approach for performing
umbrella meta-analysis study.>> The protocol of this study was regis-
tered in PROSPERO with the registration number CRD42021277992.

Search strategy

PubMed, Scopus, web of science, Cochrane Database of Systematic
Reviews, ProQuest, Springer, Sage journal, and the internal database
such as Magiran, SID, Irandoc, and elmnet were searched for system-
atic reviews and meta-analysis studies on cardiac complications fol-
lowing COVID-19 infection from December 2019 to April 2021.
Google and Google Scholar were used as a searching engines as well.
Furthermore, the reference lists of included articles and gray litera-
ture were screened to find more relevant studies. Our syntax was
formed with Mesh terms of COVID-19, "2019-nCoV Diseases", "SARS-
CoV-2 Infections", coronavirus, cardiac, cardiovascular, myocardial,
myocarditis, myocardium, heart, hypotension, arrhythmia, hyperten-
sion, “blood pressure”, "systematic review", meta*, pooled effect, and
pooled estimate using operators of “OR”, “AND”, “NOT”, and “*". A
sample of search syntax for Scopus was presented in Supplementary
Table S1. Two authors (M.J-0), (M.D), searched the databases inde-
pendently. Any conflict and discrepancy were resolved by the con-
sensus of all authors.

Inclusion and exclusion criteria

We included articles published as a systematic meta-analysis
study within peer-reviewed journals by full text in English or Persian
languages from December 2019 to April 2021. Articles must also
have a clear literature search strategy, a standard quality assessment
tool, and report any cardiac complications after COVID-19 infection
using pooled estimated approaches (incidence rate, odds ratio (OR),
risk ratio (RR)) in adult patients (> 18 years). The meta-analysis

studies with unnecessary data, narrative reviews, or studies in spe-
cific groups such as children or neonates/pregnant were excluded.

Data extraction

After developing a data extraction form using the JBI data extrac-
tion tool for systematic reviews and research synthesis,>® primary
data were extracted by two authors. The developed data form
included items such as the objectives, types of the review articles,
year of publication, names of searched databases, the timeframe of
literature search, country of studies, sample characteristics, and key
findings regarding cardiac complications in COVID-19 patients.

Statistical analysis

To summarize data, quantitative meta-analysis approaches were
used. For the effect sizes (incidence rate or RR/OR) were reported in
more than one study, the summarized pooled was calculated using a
random/fixed-effects model regarding the level of heterogeneity. The
Higgin’s I,-indices of 0-25, 26—75%, and 75-100% indicate low,
moderate, and high between studies heterogeneity levels, respec-
tively.>> We used both the fixed-effect model and DerSimonian-Laird
random-effects model for homogeneous (I { 50% and P ) 0.05) and
heterogeneous (I > 50% or P < 0.05) data, respectively.>® The DerSi-
monian-Laird random-effects model considers both within-study
and between-studies variations.>” According to the number of
included studies, we assessed publication bias with Egger’s test for
AMI incidence. Assessment of publication bias of the rest pooled esti-
mates was not possible because of an insufficient number of studies,
since at least 10 studies are required to assess publication bias.*® A
sensitivity analysis with the leave-one-out method was implemented
to evaluate the influence of one single study effect on overall pooled
estimation. The sub-group analysis was based on the severity of the
disease that included the patients with severe disease (ICU admitted,
critically ill, or under ventilator patients), the non-severe group (non-
admitted to the ICU, non-critically ill, or non-under ventilator
patients), and the deceased patients (deceased patients) accordingly.
We also evaluated the primary studies for overlapping or duplicate
data, as recommended.®® The primary studies in the included meta-
analysis studies were reviewed for duplicate data, then any existing
overlapping data concerning estimated incidence rates was excluded.
To run the forest plot, after removing all duplicate data, we first
selected a study with larger or more accessible data and then added
other non-duplicate study data to get the summarized effect sizes.
Stata version 16.0 software (Stata Corp, TX USA) was used for the
quantitative analyses. The p-values for statistical significance was set
at 0.05.

The methodological quality of included studies

The Assessment of Multiple Systematic Reviews (AMSTAR) tool
was used to assess the methodological quality of the included stud-
ies."® This 11-item tool is scored as 8—11, 4—7, and < 3, showing
high, intermediate, and low qualities, respectively. Two authors (M.]-
0 and T.M) scored the quality of studies. The third author (A.E) who
has more competence in review studies resolved any discrepancy.

Ethical consideration

Although no ethical approval is required for conducting a review
study, our institute required an ethical code for review studies in
Covid-19 related studies. Therefore, to conduct this study, the ethical
code IR.BMSU.REC.1399.146 was obtained from Baqiyatallah Univer-
sity of Medical Sciences (BMSU).
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Result
Literature search output

The literature search provided 810 reviews, 40 of which were eli-
gible for full-text review. After reviewing the full text, 26 meta-analy-
sis studies were eligible for inclusion.?°—>24!=>! The study selection
process is shown in Fig. 1.

Characteristics of included studies

In all included meta-analysis articles, overall, 916 observational
studies with more than 180,148 COVID-19 patients were analyzed.
The sample sizes of the two studies by Pellicori et al.>” and Momtaz-
manesh et al.*> with 220 and 54 primary studies, respectively, were
not available. The studies of Tondas et al. (24) and Pellicori et al. (14)
had the lowest and highest number of studies, with two and 220 pri-
mary articles, respectively. All studies were published during the cur-
rent COVID-19 outbreak. Studies were limited mainly to China,?°—>!
then the USA?>?7*132 followed by Italy.>'? The general characteris-
tics of the studies are shown in Table 1.

Quality of studies, publication bias, and sensitivity analysis

All included studies had moderate to high methodological quality.
Egger's test discovered no publication bias in the reported pooled
incidences of AMI (P = 0.260), (Supplementary Fig. 2). The sensitivity
analysis showed no significant single study effect for the total sum-
marized pooled incidence of ACS, AMI, cardiac arrest, myocarditis,
arrhythmia, shock, elevated CK, CK-MB, and CTnl, and also for total
summarized pooled OR/RR. Supplementary Fig. 3 illustrates an exam-
ple of the leave-one-out analysis for incidence of AMI

Type of cardiac complications

A wide range of cardiac complications were identified in COVID-
19  patients as  follows:  arrhythmia,02327:43:4447.49-51
HF,20-27:30:43-4551 perjcardial effusion,?>>%** valve involvements,*°
AMLZO,Z 1,24,26,28-31,43,44,46,51 Shock’22,25,3 1,41-43 acute
myocarditis,>>** hypertension,*>*”° acute MI***° cardiac tampo-
nade,*® cardiac arrest,>>! cardiomyopathy,>>*° right ventricular dys-
function,*® and acute coronary syndrome (ACS).**>! Mainly clinical
cardiac manifestations of the COVID-19 infected patient were chest
pain, chase tightness,** and palpitation.**

Incidence of cardiac complications in the overall COVID-19 patients

Table 2 indicates the reported (estimated by previous studies) and
summarized pooled incidences (with and without duplicate data) of
newly developed cardiac complications and clinical manifestations in
the overall COVID-19 patients. Since the pooled incidences of
ACS,44'5] AMLZO 22,24,28-31,43,44,46,51 CA,30'51 HF'20,30,43,44,51
arrhythmia,?%21434449-51 and shock?**? were reported in more than
one study, we were able to estimate their summarized pooled inci-
dence. In 11 studies, the pooled incidence of AMI was ranged from
15% (95% CI = 11-20%)%° to 24.4 (95% CI = 21.4-27.4).28 To calculate
the overall AMI incidence in COVID-19 patients, two studies were
excluded since their 95% Cls were not available.>**® Also, after
removing duplicate data, the summarized pooled incidence of AMI
was estimated as 21% (95% CI = 15 - 26, I, = 80.33). In addition, the
summarized pooled incidences of ACS, cardiac arrest, HF, arrhythmia
and shock were estimated as 1.3% (95% Cl = 0-2, I =55), 3.46% (95%
Cl =3.1-3.83, I, = 35.70), 14% (95% CI = 0-29, I, = 86.66), 16% (95%
CI=9-22,1, =93.99), 6.1 (95% Cl = —3 —15, I, = 96.21), respectively.
Further, the summarized pooled incidences of the raised CK**** CK-
MB,2>* cardiac Troponin I (CTnI)?%?3%%3 with their I, index are

indicated in Table 2. The forest plots of these estimations by consider-
ing the duplicate data are shown in Supplementary Fig. 2. The inci-
dences of cardiac arrest and the elevated CK were run with a fixed-
effect model because their heterogeneity level was lower than 50%,
and the others were done with a random effect model. In Table 2, we
present the summarized incidences with two forms of with and with-
out duplicate data. We observed that after we removed the duplicate
data, the summarised pooled effect size (incidence rate, OR, RR)
mostly decreased and their 95% CI widened.

Incidence of cardiac complications in the patients with severe disease
and deceased patients

Among cardiac complications, the pooled incidences of AMI,
shock, and HF were reported in the severe and deceased COVID-19
patients. Among patients with severe disease, the summarized inci-
dences of AMI,**°? and shock?**! were computed as 29.67% (95%
Cl=17.95-41.41) and 35.2 (95% CI = 22.21-47.84), respectively. We
did not estimate the summarized pooled incidence of HF, because it
was reported only in one study™* (47.8%, 95% Cl = 41.4—54.2) .** Addi-
tionally, the summarized pooled incidences of AMI*®*44652 and
arrhythmia***° in the deceased COVID-19 patients were 61% (95%
Cl = 57.89-64.11) and 47.56 (95% CI = 38.33-56.78), respectively
(Table 2). The forest plots are shown in Supplementary Fig. 5.

Comparison of risk/odds of cardiac complications in patients with severe
disease and non-severe cases or deceased/non-deceased cases

The summarized pooled RR of AMI in patients with severe disease
compared with non-severe ones was 5.27 (95% Cl = 2.42-8.11,1, = 0,
P < 0.001), showing that in the absence of duplicate data, patients
with severe disease suffered from AMI approximately 5.3-fold more
than the non-severe group. Regarding the shock, two studies have
reported OR in patients with severe disease and non-severe ones.
The summarized pooled OR showed that patients with severe disease
experienced shock 44 times (95% Cl = —12.90-101.20, I, = O,
P < 0.001) more than non-severe ones. However, after removing
duplicate data, OR of shock decreased to 20.18 (95%
Cl = —44.93-85.30). The pooled OR/RR of HF, arrhythmia, and CAD
were reported per a study in both survivors/non-survivors and
severe/non-severe COVID-19 patients, so we were unable to estimate
their summarized pooled measures (Table 3). The forest plot of each
summarized estimate is shown in Supplementary Fig. 6.

Risk or odds of poor outcomes in COVID-19 patients with/without AMI

The pooled RR of admission to ICU and mortality in COVID-19
patients were reported in two”*>*? and three studies,?>?5°? respec-
tively. As the summarized pooled RR shows, patients with AMI hospi-
talized in ICU or were deceased by 3.33-fold (95% CI = 1.97-4.69,
p < 0.001) and 4.76—fold (95% CI = 3.82-5.69, p < 0.001), respec-
tively, more than patients without it. After removing duplicate data,
the RR of hospitalization and mortality decreased to 2.92 (95%
(I =0.27-6.12, p < 0.001) and 2.57 (95% CI = 1.99-3.15, p < 0.001),
respectively. Also, the summarized pooled OR for three studies®®**°
showed that patients with AMI deceased 16.85 times (95%
CI = 1.10-22.60, P < 0.001) more than COVID-19 patients without
AMI (Table 4). Afterwards removing duplicates, OR of mortality
dropped to 8.36 (95% Cl =4-12.72, P < 0.001). The forest plots of risk
or odds of poor outcomes in COVID-19 patients with/without AMI
are shown in Supplementary Fig. 7.

Discussion

This study is the first umbrella review that synthesized the cur-
rent meta-analysis studies about the incidence of cardiac
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meta-analysis (n =14)
——/

Studies included in an in meta-
analysis: (n =26)
Reports of included studies (n = 26)

Fig. 1. PRISMA flow-chart of study screening and selection process.

complications following COVID-19 infection. We estimated the sum-
marized pooled incidence of cardiac complications in the sub-groups
of overall, severe, and deceased COVID-19 patients. Our findings
demonstrated that the deceased patients or patients with severe
COVID-19 disease have a higher incidence of cardiac complications
compared to the non-severe groups. Similarly, the literature has
shown that a higher incidence of newly developed cardiac compli-
cations was significantly associated with poor prognosis and
mortality.>®>°* Although the risk of cardiac complications is high
in all patients with COVID-19 such as severe and non-severe
ones, however, critically ill patients have a much higher incidence
of these complications.'?

Our findings showed that in the overall COVID-19 patients, the
incidence rate of cardiomyopathy, shock, AMI, HF, CA, myocarditis,
M, and pericardial effusion ranged from the highest (33.33%) to the
lowest (2.62), respectively. The cardiac injury was marked with the
raised cardiac blood markers of NT-pro BNP, CK-MB, cTnl, and CK,
and manifested mainly with chest pain/tightness and palpitation,
respectively. Different studies revealed that increased cardiac blood

markers are indicators of cardiac damage during COVID-19
infection.”>°® Evaluation of dynamic changes in the cardiac bio-
markers shows that these indicators of heart damage increase abnor-
mally from the middle of hospitalization and peak immediately
before the patient's death.>” Cardiac biomarkers can be systematically
measured over hospitalization to assist in the early detection of car-
diac complications, which in turn can reduce mortality with prelimi-
nary intervention.

Another finding of this study was the incidence of other organ
injuries such as liver, kidney, or lung in COVID-19 patients who suf-
fered from cardiac complications. Due to the localization of angioten-
sin converting enzyme Il (ACE2) protein in the human organs such as
lung tissue, liver, kidney, and digestive system, COVID-19 simulta-
neously damages all organs by direct binding to ACE2 or by triggering
a cytokine storm which results in cytokine release syndrome (CRS) .8
Cytokine storm is characterized by the secretion of pro-inflammatory
mediators, such as IL-6, and an invasion of monocytes and macro-
phages that can cause multi-organ damage.’® CRS response has been
also reported in patients infected with SARS-CoV and MERS-CoV 16.°
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Table 1

The basic characteristic of the included studies.
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Row  Study Objectives of the Name and timeframe of No. and types of primary Country Quality score  Sample size and
reviews databases searched studies characteristics
1 Gavriato- Assessing of cardiac PubMed, Scopus, and 22 studies; China (22) High 4157 patients.
poulou complications Web of Science; case-series (18),
etal. between the survivors December 1,2019 - cohort(4)
and non-survivours April 16, 2020.
2 Shafi et al.” Incidence of AMI in MEDLINE, EMBASE, and N/R China (22), Italy(1), Iran High 8971
COVID-19 patients Cochrane; (2), South Korea(1), patients
The onset of the out- USA(1)
break- August 2020
3 Wang et al.” Exploring the clinical PubMed, Embase, Wan- 40 studies, all England(25),Chinese High 2459
characteristics of Fang, Chinese Bio- retrospective (15), America(2) patients
patients with COVID- medical Literature
19 Database and China
National Knowledge
Infrastructure data-
bases;
January 1, 2020 - April
12,2020,
4 Madjid Determining potential Pubmed, Embase, and 17 studies, all All China High 5726 patients.
etal* risk factors of cardiac CNKI databases. retrospective
injury in COVID-19- December 1, 2019 -
infected patients May 2, 2020
5 Qiuetal’ Risk factors for the PubMed, Embase, medR- 15 articles/N/R N/R Moderate 2401survivours and
COVID-19 related xiv, and Cochrane 904 non-
death Library; survivours
January 1, 2020 - April
13,2020.
6 Zhou et al.® To identify the symp- MEDLINE, EMBASE, and 45 studies, All from China High 14 358 patients.
toms, OVID; 40 retrospective except for two studies
comorbidities, radio- the onset of the out- cohort studies, from the United States
logical features, and break - 26 April 2020 2 prospective cohort and one multicentre
outcomes in COVID- studies, 1 cross-sec- European (Belgium,
19 patients. tional study, and 2 France, Italy, and
cohort Spain)
studies of unclear
design.
7 Evaluating the clinical PubMed, Web of Sci- 5 All China High 5328 patients
Chen characteristics of ence, MEDLINE, CNKI Descriptive
etal’ patients with severe (China Knowledge Studies
disease and non- Resource Integrated
severe cases with Database), and the
COVID-19. Cochrane;
December 1, 2019 - Feb-
ruary 12,2020
8 Shi et al.® N/R N/R 12 cohort studies N/R Low 2445 patients
9 Huang Exploring the incidence PubMed, the Cochrane 43 studies, 27 were ret- 40 in China, one in High 9475 patients
etal’ of cardiac injury and Library, rospective Korea, and
the association Embase, and MedRxiv cohort studies and the two in the USA
between cardiac databases; remaining 16 were
injury poor outcomes December 2, 2019 - June cross-sectional
in patients with 5,2020
COVID-19
10 Babapoor- Comparing of disease PubMed, Embase, and 12 cohort studies All in China High 2445 patients
Farrokh- outcomes between Cochrane;
ran the severe (ICU) group December 5, 2019 -
etal.!® and non-severe (non- April 14, 2020.
ICU)
11 Tajbakhsh Assessing of subsequent Cochrane Central Regis- 220 unique publica- China (47.7%) or the USA  High -
etal!! cardiovascular ter of tions; retrospective (20.9%); 9.5% were
complications and Controlled Trials (CEN- (197), randomized from Italy
clinical events TRAL), MEDLINE, controlled trials (13),
Embase, COVID-19, and prospective(20)
ClinicalTrials.gov, and
EU Clinical Trial Regis-
ter;
December 2019 - July
2020
12 Cheng Assessing of cardiac PubMed and Embase; 54 studies; 19 records N/R High N/R
etal.!? complications in December 2019 - April were case reports,
COVID-19 patients 2020 case series, or patho-
between “deceased” logical reports
and “recovered”
patients
13 Fried et al." 12 studies N/R Moderate 3044 patients

(continued)
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Row  Study Objectives of the Name and timeframe of No. and types of primary ~ Country Quality score  Sample size and
reviews databases searched studies characteristics
Assessing of the associa- PubMed and Embase;
tion between December 1,2019 —
COVID-19 and cardio- November 30, 2020
vascular
complications.
14 Tavazzi N/R MEDLINE, Embase, 13 observational studies N/R Moderate 49,076 patients;
etal.'” Cochrane Database 10,009 severe
of Systematic cases and 7773
Reviews, Scopus, and non-severe cases
Web of Science;
December 2019 - April
2020
15 Salamanca Investigating the rela- MEDLINE, Scopus 9 studies, N/R N/R Moderate 1686 patients
etal.”” tionship between AMI and Web of Science;
and mortality risk in up to 10 April 2020
COVID-19 patients
16 Zeng et al.'® Investigating the inci- PubMed and Embase; 16 studies, China(14), Italy(1), and High 2224 patients
dence, comorbidities, January 1, 2020, - May Prospective(2), Retro- the United States (1)
outcomes, and possi- 30,2020 spective (14)
ble mechanisms of
acute miyocardial
injury in
COVID-19 patients.
17 Sunetal.'” Evaluating arrhythmia PubMed, Embase, Web 5 studies, (N/R) N/R Moderate 1553 patients, 349
in patients of Science, severely ill and
with severe and non- and the Cochrane 1204
severe COVID-19 Library; non-severely ill
December 2019 - July
25,2020
18 Stefanini Analyzing the effect of All China High
etal.'® COVID-19 on acute Medline/PubMed, Sco- 11 studies, all cross- 1394 patients
miyocardial injury pus, and Google sectional designs
Scholar;
December 2019 -
March 25, 2020
19 Tondas Assessing electrocar- PubMed, EuropePMC, 2 studies, two case- N/R moderate
etal.'? diographic (ECG) ven- SCOPUS, Cochrane control 241 patients
tricular repolarization Central Database, and
indices in patients Google Scholar; N/R
with COVID-19.
20 Libby etal?®  Assessing the preva- Medline (using 40 studies, the United States, one: High 15,616 patients
lence of cardiac com- PubMed), Embase, Two: Spain, one: Italy, the
plications Scopus, and Web of One: Rest: China
and the resulting mor- Science, Google and Ambispective, four:
tality rate in COVID- Google scholar; 2019 prospective, 35 stud-
19 patients until April 30th, ies were retrospective
2020
21 Prasitlum- Assessing cmorbidities PubMed, Embase, medR- 29 studies China 10, Iran 1, German  High 3508 patients
kum in COVID-19 patients. xiv, and SSRN; Dec 1, 1, Italy 6, turkey 1, us
etal?! 2019 - October 14, 5, France 1, Israel 1,
2020, spine 1
22 Zhong Evaluating the incidence PubMed, SCOPUS, 4 studies/ all Observa- N/R Moderate 784 patients
etal.?? of cardiac arrhythmias Europe PMC, tional
in patients Cochrane Retrospective
with COVID-19 Central Databases,
and Google Scholar p
Preprint Servers; N/R
23 Zeng et al.>® Assessing incidence rate PubMed and Embase; 56 studies, Retrospective N/R Moderate 17,435 patients
of arrhythmia July 25, 2020 - Sep- (46), Cross-sectional
tember 15, 2020, (2), Prospective (5)
24 Bennett N/R MEDLINE, Seventeen retrospective N/R Moderate 5815 patients
etal.* Embase, and The cohort studies
Cochrane library;2019
- 27 May 2020
25 Huang Prevalence of cardiovas- PubMed and Web of Sci- 29 studies, 5 prospective China 15, USA 7, Italy 2, High 4381 patients
etal?® cular complications ence; up to November cohort Spain 1, Thailand1,
in ICU-admitted 25,2020 studies, 1 prospective South
COVID-19 patients cross-sectional study, Koreal, Denmark1
and 20 retrospective
cohort studies
26 Sinclair Comparing cardiac inju- PubMed and EMBASE; 57 studies including N/R Moderate 34,072 patients
etal>? ries among different December 2019 -

viruses

August 29, 2020

N/R= not reported.
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Table 2
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The pooled incidence of cardiac complication in total, non-severe, severe, and deceased COVID-19 patients.

Variable or Reference No. of Sample Size Reported incidence Summarized Incidence ? Summarized Incidence
indicator Studies (n/N) (with duplicate data) (without duplicate data)
Pooled incidence (%) 12 (%) ES (95%Cl), type of 12 (%) ES (95%Cl), type 12 (%)
(95% CI) model of model
Chest pain/ Cheng et al.”? 6 (387/1599) 21.8(8.5-35.0) 99 21.8(8.5-35.0) 99 - -
tightness
Palpitation Cheng et al.' 2 (34/362) 9.1(6.2-12.1) 19 9.1(6.2-12.1) 19 - -
ACS Fried et al."” 4 (18/1484) 1.0(0.5-1.5) 0 2.92 (-2.00-7.83) 73.22 1.3(0.00-0.02) 55
Bennett et al.>* 2 (N/R/101) 6.2%(1.8—-12.3) N/R
AMI* Gavriatopoulou et al.! 13 (356/1912) 17.85(13.18-23.72) 86.84  20.52(18.06-22.99) 77.35 21(15-26) 80.33
Shafi et al.? 27 (N/R/8971) 20.0(16.1-23.8). 94.9 Random-effects
Zhong et al.? 15 (N/R/1118) 37.1(27.4-47.4) 91.2 model
Stefanini et al.'® 7 (162/ 970) 15 (11-20). 63
Sahranavard et al.>° 26 (N/R [3941) 19.46(18.2- 20.72) 0
Sinclair et al.> 57 (N/R 21(18-26)
[34,072)
Huang et al.”® 14 (N/R [927) 30(19-42) 91
Bennett et al.”* 11 (N/R [2028) 16.3(11.8-21.3) 87
Lietal® 4 (N/R [ 1096) 16.2 (N/R) N/R
Cheng et al.”? 16 (671/2647) 25.3(19.5,31.1) 93
Fried et al.”” 8 (269/1199) 21.2(12.3-30.0) 953
Salamanca et al.'® 9 (387/1668) 23.9(N/R) 82
Zeng et al.'® N/R (542/2224) 24.4(21.4-274) (N/R)
CA Sahranavard et al.* 3 (N/R | 3.44 (3.08, 3.82) (N/R)  3.46(3.10-3.83) 35.07 3.46(3.10-3.83) 35,07
10,093)
Bennett et al.”* 2 (N/R [187) 5.7 (2.7-9.6) (N/R)
Myocarditis Sahranavard et al.>° 2 (N/R[132) 3.66 (0.88,7.82) (N/R) 3.66(0.88,7.82) (N/R) - -
HF Gavriatopoulou et al.! 4 (108/530) 22.34(14.05-33.60 79.44 37.01 0.14(-0.00 - 86.66
Cheng et al.”? 2 (87/367) 23.7(19.3,28.0) 0 19.70 0.29)
Bennett et al.** 4 (N/R /3962) 17.6(14.2-21.2) 32 (17.60-21.79)
Fried et al."” 5 (180/1718)) 14.4(5.7-23,1) 96.7
Toloui et al.*° 4 (N/R /429) 19.07 (15.38-23.04) (N/R)
Arrhythmia Sahranavard et al.! 3 (40 /378) 10.11 (5.12-19.00) 75.21 15.1(11.15-19.05) 51.2 0.16 (0.09-0.22) 93.99
Momtazmanesh etal'> 4 (93/4440 26.1(5.9-46.4) 97
Zhaoetal'? 6 (191/1760) 15.3(8.4-22.3) 96.5
Pranata et al* 4 (280/784) 19(9-28) 91.45
Koeppen et al*® 6 (N/R | 504) 24 (14-36) 84.8
Kunutsor et al** 6 (N/R | 867) 9.3(5.1-14.6) 90
Liao et al*® 56 (N/R/ 16.8(12.8-21.2) 98
17,435)
Shock Bennett et al.® 12 (282/3191) 11(7-14) N/R 96.21
Giri et al.® 5 (29/1693) 1.3(0.1-2.5) 75 6.1(-3-15) 96.21 6.1(—3-15)
Pericardial Sahranavard et al.*° 2 (N/R[175) 2.62(0.58-5.73) N/R 2.62(0.58- 5.73) N/R - -
effusion
Cardiac Sahranavard et al.>° 2 (N/R [541) 15.06 (12.15- 18.22) N/R 15.06 (12.15- 18.22) N/R - -
insufficiency
Cardiomyopathy Sahranavard et al.>° 1 (N/R/21) 33.33(17.19- 54.63) N/R 33.33(17.19-54.63) N/R - -
Myocardial Sahranavard et al.*° 1 (N/R [92) 6.52(3.02- 13.51) N/R 6.52(3.02-13.51) N/R - -
infarction
Elevated CK ** Sahranavard et al.! (221/1701) 12.99 (10.61-15.82) 52.01 13.54(11.19-15.89) 0 13.52 0
Momtazmanesh et al'> 10 (230/1617) 15.9(10.5- 21.3) 90 (10.80-16.25)
Elevated CK-MB Gavriatopoulou et al.! 5 (78/723) 10.92 (5.36-20.96) 87.85  33.60(-19.69. 81.02 33.60 (—19.69. 81.02
o Cheng et al.' 2 (302/382) 66.2 (6.9-100.0) 99 —86.9056) —86.9056)
Elevated cardiac Gavriatopoulou et al.! 9 (274 /1617) 15.1(10.79-20.93). 85.09 19.76(9.80-20.72) 78.54 17.94 42.16
Troponin | Cheng et al.”? 10 (366/1718) 25.3(17.6-33.1) 94 (15.18-20.71)
(CTnl) **** Stefanini et al.'® (28/203) 3.20(1.84- 4.56) 0
Sahranavard et al.>° 19 (N/R [2474) 22.86 (21.19-24.56) 0
Elevated NT-pro Cheng et al.? (311/1047) 46.5(28.9-64.2) 98 46.5(28.9,64.2) 98 - -
BNP
AMI in non- Stefanin et al.'® N/R 5(1-12) N/R N/R N/R - -
severe cases
AMI in non- Fox et al.’ 12 N/R 48(30-66) 97.1 61(57.89-64.11) 56 (40—71) 68.36
survivors. Fried et al."” 4 688 61.7(46.8-76.6) 0 13.37
Salamanca et al.'® 9 551, 61.6(58.1-64.6) 0
Stefanini et al.'® 2 86 44(16-74) 87
Heart failure in Fried et al."” 3 60,336 47.8(41.4-54.2) 87.6 47.80 (41.4-54.2) 87.6 - -
NON-Survivors.
Arrhythmia in Fried et al."” 2 223 40.3(1.6-78.9) 96.6 47.56 (38.33-56.78) 0 47.56 0
NON-Survivors. Zhong et al.** 4 784 48(38-57) 48.08 (38.33-56.78)
AMI in patients Fox et al.’ 15 N/R 36(25- 47) 90.4 29.67(17.92 — 41.41) 61.81 33(23-42) 89.75
with severe Stefanini et al.'® N=87 24(15-34) 0
disease™
Shock in severe Wang et al.’ 11 (N/R [ 899) 32(0.164,0.501) 97.1 35(22-48) 00 35(22-48) 00
patients Huang et al.> 6 (N/R [751) 39 (20-59) 95.6

Abbreviations: ACS: acute coronary syndrome; AMI: acute myocardial injury.

*troponin | above the 99th percentile upper reference limit(>28 pg/ml), or new abnormalities in electrocardiography and echocardiography; **Elevated CK (upper limit of nor-
mal of 170,200,185,310, U/L); ***Elevated Creatine kinase-MB(CK-MB) ((more than 5,18,24 ng/ml); ****Elevated cardiac Troponin I (CTnl) (more than 28,40,15.6 ng/L), *defined
as a pneumonia condition with a respiratory rate more or equal than 30 times/min or oxygen saturation at resting state less or equal than 93% or partial pressure of arterial oxy-

gen to fraction of inspired oxygen ratio less than 30,0'S.
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Table 3

Reported pooled incidence of cardiac complications between patients with severe disease and non-severe cases or

deceased [non-deceased cases.

Variable or indicator Pooled estimated of Sever patients/
non Sever patientsOR/RR(%)(95%CI)

I, (%) Pooled estimated of deceased Patients | I, (%)
non deceased PatientsOR/RR (%)(95%CI)

AMI OR =13.48, 3.60 —50.47’
RR = 4.74,2.30-9.78'¢
RR =5.99,3.04-11.80'°
Shock OR=53.17,12.54-225.47
OR =40.47,11.18-146.45'°
Heart failure OR=9.77,5.36-17.79"*
CAD OR=6.85,3.81-123"
Arrhythmia OR=17.97,11.30,28.55"7

0 OR =40.47, 11.00—69.89° 78

18 RR=6.91,3.19-14.95" 18
N/R -

0 OR =96.60, 23.80—392.14° 80
N/R -

0 OR=5.13,2.46-10.7" 753

481 NJR -

N/R N -

Abbreviations: CAD: coronary artery diseases.

Table 4

Risk of getting COVID- 19 severity disease, ICU admission, mortality, and other organ injuries in COVID-19 patients

with AML

Variable or indicator

Pooled OR(%) (95% CI) 12 (%)

Pooled RR(%) (95% CI) 12 (%)

COVID-19 severity N/R N/R 3.54(2.25-5.58)° 80.3
ICU admission 13.5,3.61— 50.52'2 0 2.99,1.85-4.83% 928
N/R N/R 5.03,2.69-9.39° 87.2
mortality 21.6,95% Cl: 8.6-54."> 82 4.89,3.84-6.224 60.
15.77,10.49 t0 23.69%° 45,5 4.99,3.38-7.37° 914
19.64,10.28—-37.53'2 N/R 3.85,2.13t06.96'° 86.6
Complication  AKI N/R N/R 10.09, 3.06-33.29* 71.2
ARDS N/R N/R 5.89,3.30-10.53* 64.4
AHI N/R N/R 2.24,1.13-447° 723
electrolyte disturbance ~ N/R N/R 3.35,2.11-5.31% 0

Abbreviations: AKI: acute kidney injury, ARDS: Acute respiratory distress syndrome; AHI: acute hepatic injury.

Our summarized meta-analysis demonstrated that COVID-19
patients with cardiac complications were several times more likely to
develop severe disease, or need to be admitted to the intensive care
unit, or die than those without it. In accordance with our findings, a
study showed that COVID-19 patients with cardiac damage are more
likely to develop a severe form of disease or to be transferred to the
intensive care unit, or to die.>” In addition, the researchers showed
that there was a significant increase in Tnl in patients with severe dis-
ease compared to non-severe individuals.'"'®" Further, one study
showed that from the tenth day of hospitalization, a rapid
increase in troponin levels was reported in the deceased patients,
which was not the same as in the survivors.® Similarly, according
to several other studies, patients with severe cardiac injuries who
have a high level of Tnl have significantly worse outcomes than
those who have low or moderate levels of Tnl.>®? In future stud-
ies, researchers should pay more attention to evaluating the cor-
relation between myocardial injury and mortality in COVID-19-
approved patients.

Several possible mechanisms of cardiac complications have been
suggested, including direct cardiac toxicity, systematic inflammation
response, an imbalance between myocardial supply and demand,
systemic thromboembolism, side effects of prescribed medicines,
sepsis, disseminated intravascular coagulation (DIC), and electrolyte
imbalance.”’ As COVID-19 disease progresses and worsens, the likeli-
hood of any of these mechanisms of cardiac damage also increases.
Therefore, critically ill patients are at a high risk of cardiac complica-
tions.

As mentioned in our study, COVID-19 can cause a variety of com-
plications that have been observed in other viral diseases such as
influenza,®® SARS,°*~%® and MERS.®” It was suggested that like
COVID-19, the other viruses with the capability of binding to ACE2,
such as HIN1, SARS, and H7N9, may lead to a higher incidence of car-
diac complications.'” The pooled incidence rates of cardiac injury
regarding H1N1, SARS, and H7N9 were reported 39%, 27%, and 40%,
respectively; In contrast, the non-ACE2-binding respiratory viruses

have a much lower incidence rate of cardiac injury (12%) in critically
ill patients.'” ACE2 accelerates the conversion of angiotensin Il to
angiotensin 1-7, which has a protective effect on the cardiac system.
Subsequently, by binding to ACE2, viruses block the release of angio-
tensin 1-7, in this way, they cause myocardial damage. Viruses also
damage the cardiac system directly by binding to ACE2 and initiating
the inflammatory response process.%®6°

Among our reported effect sizes, mostly overlapping data were
found. After removing duplicate data, most effect sizes were reduced
slightly and their 95% confidence intervals increased. In an umbrella
meta-analysis study, the use of initial study data repeatedly reduces
the 95% confidence interval and increases the effect size,>® which
also was reflected in our study.

Limitation

Our study has limitations that must be disclosed to readers. Since,
compared to other countries, most of the initial studies were mainly
from China, therefore, the findings of the present study should be
interpreted with caution. In addition, our study did not examine the
prevalence of cardiac diseases and was limited to their incidence in
COVID-19 patients. While the prevalence of cardiac disease in
COVID-19 patients can be higher than its incidence. Prevalence can
also show the importance of the issue more seriously. We were
unable to estimate a summarized pooled incidence for some cardiac
complications, such as pericardial effusion, cardiac insufficiency, car-
diomyopathy, and M, therefore, additional umbrella meta-analysis
studies are required with new upcoming review reports on these car-
diac complications.

Based on the mentioned limitations, we suggest some recommen-
dations for future research. The exact mechanism of death in COVID-
19 patients with cardiac complications must be precisely determined
by answering the question of whether the death of COVID-19
patients is solely due to cardiac complications or whether they die
from other causes such as multiple organ failure? Additionally, in
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addition to measuring the incidence, measuring the prevalence of
cardiac disease in COVID-19 patients can provide more important
information about the number of COVID-19 patients who have previ-
ously had a cardiac disease and the number of patients who have
recently developed cardiac complications. Further, the incidence
rates of some cardiac complications, such as cardiomyopathy and car-
diac insufficiency, have been less studied, and by more assessing
them, a wider range of data regarding cardiac complications will be
available. Our study also has an important clinical recommendation,
which is that regular cardiac examinations and check-ups should be
carried out daily on COVID-19 patients. Because as our findings
showed, a high incidence of diverse cardiac complications have pre-
vailed among COVID-19 patients and both the incidence rate and the
poor outcomes increase with the progression of the disease.

Conclusion

Our study demonstrated widespread newly developed cardiac
complications following COVID-19 infection. Cardiac complications
were associated with increased disease severity and mortality. The
main signs and symptoms of cardiac injury in COVID-19 patients
were chest pain, palpitation, and raised cardiac biomarkers, respec-
tively. Although a wide incidence of cardiac complications has been
reported in COVID-19 patients, however, the incidence rates of HF,
shock, AMI, arrhythmia, cardiomyopathy, and cardiac insufficiency
were more than others. Also, the incidence rates of cardiac complica-
tions, such as AMI, HF, and arrhythmia in severe and deceased cases
were several times of non-severe non-deceased cases. Furthermore,
the severity of disease, ICU admission, mortality, and other organ
injuries in the COVID-19 patients with cardiac injuries were several-
fold higher than the infected patients without them. Based on our
findings, the authors strictly recommend that the physicians and
nurses should check and track for signs and symptoms related to car-
diac complications, especially in critically ill COVID-19 patients.
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