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Current evidence is limited to small studies describing the association between cardiac
injury and outcomes in patients with coronavirus disease 2019 (COVID-19). To address
this, we performed a comprehensive meta-analysis of studies in COVID-19 patients to
evaluate the association between cardiac injury and all-cause mortality, intensive care
unit (ICU) admission, mechanical ventilation, acute respiratory distress syndrome, acute
kidney injury and coagulopathy. Further, studies comparing cardiac biomarker levels in
survivors versus nonsurvivors were included. A total of 14 studies (3,175 patients) were
utilized for the final analysis. Cardiac injury in patients with COVID-19 was associated
with higzher risk of mortality (risk ratio [RR]:7.79; 95% confidence interval [CI]: 4.69 to
13.01; I°=58%), ICU admission (RR: 4.06; 95% CI: 1.50 to 10.97; =61 % ), mechanical
ventilation (RR: 5.53; 95% CI: 3.09 to 9.91; I’=0%), and developing coagulopathy (RR:
3.86; 95% CI:2.81 to 5.32; I>’=0%). However, cardiac injury was not associated with
increased risk of acute respiratory distress syndrome (RR:3.22; 95% CI:0.72 to 14.47;
I =73%) or acute kidney injury (RR: 11.52, 95% CI:0.03 to 4,159.80; I> = 0%). The levels
of hs-cTnl (MD:34.54 pg/ml;95% CI: 24.67 to 44.40 pg/ml; I=88%), myoglobin
(MD:186.81 ng/ml; 95% CI: 121.52 to 252.10 ng/ml; I = 88%), NT-pro BNP (MD:1183.55
pg/ml; 95% CI: 520.19 to 1846.91 pg/ml: I =96 %) and CK-MB (MD:2.49 ng/ml;95% CI:
1.86 to 3.12 ng/ml; I>=90%) were significantly elevated in nonsurvivors compared with
survivors with COVID-19 infection. The results of this meta-analysis suggest that cardiac
injury is associated with higher mortality, ICU admission, mechanical ventilation and coa-

gulopathy in patients with COVID-19. © 2020 Elsevier Inc. All rights reserved. (Am J

Cardiol 2021;141:140—146)

The 2019 novel coronavirus (2019-nCoV) and/or severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
or coronavirus disease 2019 (COVID-19), was declared as
a global pandemic on March 11, 2020." As of June 17,
2020, COVID-19 has infected more than 8 million individu-
als with over 416,000 fatalities worldwide.” It has been
reported that in up to 5% of infected patients, the disease
may progress to a critical form manifesting as hypoxic
respiratory failure, multiorgan dysfunction or shock, and
approximatel¥ 2.5% of infected individuals have died from
the infection.” Acute cardiac injury in patients infected with
COVID-19 has been associated with increased risk of all-
cause mortality, intensive care unit (ICU) admission, and
developing severe COVID-19 infection.” ® However, most
studies of outcomes in patients with cardiac injury and
COVID-19 have been small, and limited in scope. Further
delineation of outcomes with cardiac injury via pooled anal-
ysis may be important, as laboratory predictors of clinical
deterioration can help stratify risk and assist in appropriate
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triaging and resource utilization. We therefore systemati-
cally reviewed the current scientific literature to perform a
meta-analysis determining the association between acute
cardiac injury and mortality, ICU admission, acute respira-
tory distress syndrome (ARDS), mechanical ventilation,
acute kidney injury (AKI) and coagulopathy in patients
with COVID-19.

Methods

We carried out an electronic systematic search in Med-
line (PubMed), Embase, Google Scholar, Cochrane
database and medRxiv databases using the keywords
“Coronavirus 2019” OR “COVID 19” OR “SARS-CoV-2”
OR “severe acute respiratory syndrome coronavirus 2”
OR “2019-nCoV” AND “acute cardiac injury” OR
“cardiovascular disease” OR “cardiac biomarkers” OR
“troponin” or ‘“high-sensitivity cardiac troponins” or ‘“hs-
c¢Tnl” or “creatine kinase” or “CK-MB” OR “BNP” OR
“NT-pro BNP” OR “myoglobin” between 2019 and June
17, 2020.

The study was performed in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses statement guidelines (Figure 1). After removing dupli-
cates, the title and abstracts were independently screened
by 2 authors (AB and RPP). We included the studies report-
ing cardiac injury associated outcomes defined as either all-
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Figure 1. PRISMA diagram describing the selection of studies for our meta-analysis. PRISMA = Preferred Reporting Items for Systematic Reviews and

Meta-Analyses statement.

cause mortality, ICU admission, ARDS, mechanical venti-
lation, AKI or coagulopathy, studies with information on
cardiac biomarkers (hs-cTnl, myoglobin, CK-MB, NT-pro
BNP) in survivors compared with non-survivors of
COVID-19 infection. Articles other than original research
(i.e., review articles, case reports, letter to editor, editorial,
or commentaries), duplicate publications and non-English
publications were excluded from the analysis. Full texts of
the included studies were then reviewed independently by 2
authors (AB and AK) and data were extracted. Any discrep-
ancies were resolved by the consensus of the authors. To
ensure that no potentially important studies were missed,
the reference lists from the retrieved articles were also
checked.

The following data were collected from each study:
author name, year published, country where the study
was performed, study design, age, definition of cardiac
injury, mean and/or median cardiac biomarker levels in
survivors versus non survivors, following event rates in
COVID-19 patients with cardiac injury compared with
patients without cardiac injury, all-cause mortality, ICU
admission, ARDS, mechanical ventilation, AKI and coa-
gulopathy. The definition of cardiac injury was as per
individual studies included. In the studies included,
ARDS was defined according to the Berlin definition and

AKI was defined according to the Kidney disease:
Improving Global Outcomes definition.”"*

We used inverse variance method with Paule-Mandel
estimator of tau2 and Hartung-Knapp-Sidik-Jonkmanthe
adjustment to calculate risk ratio (RR) with 95% confidence
interval (CI), and inverse variance method with DerSimo-
nian-Laird method to calculate mean difference (MD) with
95% CI. When the study did not report mean and the stan-
dard deviation, the same were extrapolated from the sample
size, median and interquartile range (Q1 to Q3) as per Hozo
et al.” I? statistic was used to assess the heterogeneity
between studies. Funnel plot was used to assess publication
bias. All statistical analysis was carried out using R version
3.6.3.

Results

Our systematic electronic search retrieved 39 publica-
tions after the initial screening of titles and abstracts. Subse-
quently, 25 studies were excluded, yielding 14 studies™'"
~?2 that met the inclusion criteria for studies comparing out-
comes in COVID-19 patients with cardiac injury or studies
comparing levels of cardiac biomarkers in survivors and
non-survivors In total, 8 studies H11=1620 \were included for
the association of cardiac injury with mortality, 4 studies
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Table 1

Characteristics of the studies included in the meta-analysis

First author, country Hs-c-Tnl Sample size Median age hs-c-Tnl NT-pro CK-MB (ng/ml) Myoglobin
cut-off (cases/controls)  (years) (cases  (pg/ml) (cases BNP (pg/ml) (cases (cases vs. (ug/L) (cases
(pg/mL) vs. controls) vs. controls) vs. controls) controls) vs. controls)

Zhou F 2020,'® Wuhan, China 28 191 (54/137) 69 vs. 52 22.2vs.3 - - -

Chen T 2020,'° Wuhan, China 15.6 274 (113/161) 68 vs. 51 40.8 vs. 3.3 800 vs. 72 - -

Shi S 2020, Wuhan, China 40 671 (62/609) 74 vs. 61 235 vs. 6 1819 vs. 132 3.6 vs. 0.8 268 vs. 32

Li K 2020,'> Wuhan, China 34.2 32 (11/21) 69 vs. 51 24.2vs. 4.3 817.5vs.92.5 - 817.5vs.92.5

Ruan Q 2020,'” Wuhan, China 28 150 (68/82) 67 vs. 50 30.3 vs. 3.5 - - 2589 vs. 77.7

Zhang F 2020,”' Wuhan, China 26 48 (17/31) 79 vs. 66 34vs. 6 - 9.5vs.9 -

Wang Y 2020,"” Wuhan, China - 344 (133/211) 70 vs. 57 46.7 vs. 3.4 - 2.5vs. 04 179 vs. 31

Wu C 2020,'* Wuhan, China 6.126 188 -

Luo X 2020,"* Wuhan, China 40 403 (100/303) 71 vs. 49 35vs. 6 - - -

Guo T 2020,*° Wuhan, China - 187 (43/144) - - - - -

Hu B 2020,"' China 26.2 36 (16/20) 56 vs. 66 30vs. 11.9 - - -

Cao 2020,22 Shangai, China 40 194 (19/175) 64 vs. 48 39vs. 19 - - -

Huang 2020,' Wuhan, China 28 41 (13/28) 49 vs. 49 3.3vs.3.5 - - -

Shi S 2020,'® Wuhan, China - 416 - - - -

for ICU admission™”'*** 2 studies for mechanical
ventilation,'x’zo 3 studies for ARDS '*'%2° and 2 studies
each for AKI'®*?" and coagulopathy.'®*" With respect to
cardiac biomarkers in survivors versus non survivors, 9
studies'' "9 719! were included for hs-cTnl and 3 stud-
ies each for myoglobin,'’ ™' NT-pro BNP'*'>'¥ and CK-
MB.""®2! Table 1 elucidates the characteristics of the
included studies. The present meta-analysis included a total
of 3175 patients from 14 studies.

After pooled analysis, cardiac injury in COVID-19
patients was associated with higher risk of all-cause mortal-
ity (RR:7.79; 95% CI:4.69 to 13.01: I*=58%) (Figure 2).
The levels of hs-cTnl (MD:34.54 pg/ml; 95% CI: 24.67 to
44.40 pg/ml; I*=88%), myoglobin (MD:186.81 ng/ml;
95% CI: 121.52 to 252.10 ng/ml; I> = 88%), NT-pro BNP
(MD:1183.55 pg/ml; 95% CI: 520.19 to 1846.91 pg/ml:
12=96%) and CK-MB (MD:2.49 ng/ml; 95% CI: 1.86 to
3.12 ng/ml; I> = 90%) were significantly elevated in nonsur-
vivors compared with survivors with COVID-19 infection
(Figure 3).

Cardiac injury in patients with COVID-19 was likewise
associated with higher risk of ICU admission (RR: 4.06;
95% CI: 1.50 to 10.97; 12=61%), mechanical ventilation
(RR: 5.53; 95%CI: 3.09 to 9.91; 12=0%), and developing
coagulopathy (RR: 3.86; 95% CI: 2.81 to 5.32; I*=0%).
However, cardiac injury was not associated with a risk of

Source RR (95% CI)

ZhouF, etal 2020 81.19[11.38;579.41]

ChenT, etal 2020 4.64[3.00; 7.18] 5

Shi S, etal. 2020  11.40[6.66; 19.53] -

LiK etal 2020  669[261; 17.17] ——

Luo X, etal. 2020 10.94[6.83; 17.52] 3

Zhang F, et al. 2020 6.08[1.93; 19.13] —B—

Guo, etal 2020  6.71[3.74; 12.03] =5

WuC, etal. 2020 525[2.90; 9.50] R 3

Total 7.79[467; 13.01] <

Heterogeneity: 72 = 16.79 (P = .02), I* = 58% ! ! ! !
001 0.1 1 10 100

Risk Ratio (95% Cl)

Figure 2. Forest plot for all-cause mortality in COVID-19 patients with
cardiac injury compared with patients without cardiac injury. CI = confi-
dence interval; RR =risk ratio.

ARDS (RR:3.22; 95%CI.0.72 to 14.47, 12:73%) or AKI
(RR: 11.52, 95%CI:0.03 to 4159.80; I* = 0%) (Figure 4).

A funnel plot assessing publication bias of studies
reporting all-cause mortality associated with cardiac injury
in COVID patient, indicated that there was no publication
bias in our results (Figure 5).

Discussion

In the present meta-analysis, acute cardiac injury in
patients with COVID-19 infection was associated with
increased risk of all-cause mortality, ICU admission, need
for mechanical ventilation and development of coagulop-
athy. In addition, the levels of cardiac biomarkers (hs-cTnl,
myoglobin, NT-pro BNP, and CK-MB) were significantly
elevated in COVID 19 nonsurvivors compared with survi-
vors. Cardiac injury was however not associated with an
increased risk of ARDS or AKI.

There are several plausible mechanisms for myocardial
injury in COVID-19 patients. First, it is postulated that
human SARS-CoV can infect the myocardium directly by
binding to the angiotensin converting enzyme-2 receptors
leading to myocardial inflammation and damage. Further,
the downregulation of ACE-2 by SARS-CoV infection can
impair the cardioprotective effects of angiotensin 1 to 7,
resulting in enhanced production of inflammatory cytokines
TNF-a that can cause indirect myocardial injury.”** Guo
et al in their study reported that higher cardiac biomarker
levels in COVID-19 patients were associated with higher
levels of inflammatory markers, thus suggesting the possi-
bility of indirect myocardial injury due to inflammatory
state.”° Additionally, SARS-CoV can also activate the
TGE-b signaling and induce myocardial injury.” Similarly,
type 2 myocardial infarction can occur in critically ill
patients because of demand-supply inequity in patients with
stable coronary artery disease. To this point, patients with
severe COVID-19 infection often have other co-morbidities
(such as but not limited to chronic renal insufficiency and
congestive heart failure), which can predispose to type 2
myocardial infarction as a cause of cardiac biomarkers.
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Troponin

Source

ZhouF, et al. 2020
ChenT, et al. 2020
Ruan Q, et al. 2020
Wang Y, et al. 2020
Shi S, et al. 2020
Hu B, et al. 2020

Li K, etal. 2020
Luo X, et al. 2020

MD (95% ClI)
19.20[13.89; 24 51]
37.50[33.10; 41.90]
26.80[-9.11; 62.71]
43.30[20.92; 65.68]
229.00 [107.40; 350.60]
16.57 [ 9.49; 23.65]
61.52[33.88; 89.16]
29.00[23.58; 34.42]
Zhang F,etal 2020 75.50[43.08; 107.92]
Total 345424 .67, 44 .40]
Heterogeneity: 1§ =64.42 (P < .001), I = 88%

Myoglobin

Source
Wang Y, et al. 2020
Shi S, etal 2020

MD (95% Cl)

148.00 [140.48; 155.52]
236.00 [193.93; 278.07]
RuanQ, etal. 2020 181.20[102.38; 260.02]
Total 186.81[121.52; 252.10]
Heterogeneity: 1; =16.86 (P < .001), 1> =88%

NT-BNP

Source

Shi S, etal. 2020
ChenT, et al. 2020
Li K, et al.2020
Total

Heterogeneity: 1; =49.96 (P < .001), 1> = 96%

MD (95% Cl)

728.00[683.92; 772.08]

CK-MB

Source

Wang Y, et al. 2020
Shi S, etal. 2020
Zhang F, et al. 2020 2.90 [1.20; 4.60]
Total 2.49[1.86;3.12]
Heterogeneity: 72 = 19.75 (P < .001), I* = 90%

MD (95% Cl)
210 [1.96; 2.24]
2.80 [2.52; 3.08]

1687.00 [1412.87; 1961.13]

1161.12[769.15; 1553.09]
1183.55[520.19; 1846.91]
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Figure 3. Forest plot for cardiac troponins, myoglobin, NT-pro BNP and CK-MB in non survivors compared with survivors, among COVID-19 infected

patients. CI = confidence interval; MD = mean difference.

Further, intense inflammation and cytokine stimulation
from COVID-19 infection can lead to plaque destabilization
and rupture resulting in a type 1 myocardial infarction. It
has been well established that patients with a history of car-
diovascular disease are at an increased risk of developing
complications from severe coronavirus infection, which
may in part be explained by these reasons.

This meta-analysis has certain limitations. All of the
studies were retrospective in design, were from a single
country (China), and few studies were from preprint serv-
ers. Also, there was a significant heterogeneity in the
reported results likely due to the varied definitions of car-
diac injury among the included studies. As such, we were
unable to determine whether there is a threshold value for
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Coagulopathy

Source RR (95% CI)
Shi S, etal. 2020 4.07 [1.35; 12.30] —_——
Guo, etal. 2020  3.82[2.25; 6.46) ——
Total 3.86[2.81; 5.32] -
Heterogeneity: 7> = 0.01 (P = 92), I°=0% ! ! ! J !
0.1 05 1 2 10
Risk Ratio (95% Cl)

Acute kidney injury

Source RR (95% Cl)

Shi S, etal. 2020 28.51 [3.56; 228.53] —_—
Guo, etal. 2020 9.09[3.14; 26.34] N B

Total 11.52[0.03; 4159.80] T

Heterogeneity: 7> =092 (P = 34), F=0% ! ' ! ' '

0.01 01 1 10 100
Risk Ratio (95% Cl)

ICU admission

Source RR (95% Cl) )

Cao, et al. 2020 6.38[3.15; 12.92] ———

Huang, etal. 2020 3.20[1.56; 6.55] ——

Wang D, etal. 2020 11.33[2.52; 50.90] ———

WuC, etal. 2020 2.39[1.50; 3.80] n

Total 4.06 [1.50; 10.97] —

Heterogeneity: 2 = 7.77 (P = .05), I* = 61%
0.1 051 2 10

Risk Ratio (95% Cl)
ARDS
Source RR (95% Cl)
Shi S, etal. 2020  3.99[2.91; 5.47] -
Guo, etal. 2020  4.87[2.91; 8.15] ——
WuC, etal. 2020 1.49[0.73; 3.05] ——
Total 3.22[0.72; 14.47)
Heterogeneity: 7_2 =750 (P =.02), F=73% ! | ! !
0.2 05 1 2 5
Risk Ratio (95% Cl)
Mechanical ventilation
Source RR (95% Cl)
Shi S, etal. 2020  5.24[2.72; 10.09] —u—
Guo, etal. 2020  5.75[3.34; 9.90] ——
Total 5.53[3.09; 9.91] -
Heterogeneity: y_f =0.05 (P = .83), 1?=0% ! ! ' J !
0.1 05 1 2 10
Risk Ratio (95% Cl)

Figure 4. Forest plot for coagulopathy, acute kidney injury, ICU admission, ARDS and mechanical ventilation in COVID-19 patients with cardiac injury
compared with patients without cardiac injury. CI = confidence interval; RR =risk ratio.

individual cardiac biomarker levels which could be used to and CK-MB are more likely to be significantly elevated in
predict outcomes. patients who die from COVID-19. Further, the presence of
In conclusion, the results of this meta-analysis suggest cardiac injury was associated with higher risk of mortality

that cardiac biomarkers hs-cTnl, myoglobin, NT-pro BNP and other adverse outcomes. The initial measurement of
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Figure 5. Funnel-plot analysis assessing publication bias of studies reporting all-cause mortality in COVID-19 patients with cardiac injury compared with

patients without cardiac injury.

cardiac biomarkers along with their continuous monitoring
during hospitalization can aid in the early identification of
patients with severe COVID-19 infection, and thus be an
indication to escalate care as appropriate. Further studies
are required to assess if routine monitoring of cardiac bio-
marker levels may lead to improved patient outcomes in
patients hospitalized with COVID-19.
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