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ARTICLE INFO ABSTRACT

Keywords: Introduction: Coronavirus Disease 2019 (COVID-19) has been associated with an increased risk of adverse car-
ST-segment elevation myocardial infarction diovascular events including arteriovenous thrombosis, myocarditis and acute myocardial injury. Relevant
COVID-19 literature to date has reported widely varying estimates of mortality, ranging from approximately 2 to 11 times
Isvﬁ;l:tse;lci:yv-z higher odds of mortality in COVID-19-positive STEMI (ST-segment elevation myocardial infarction) patients.

Hence, we conducted this meta-analysis to resolve these inconsistencies and assess the impact of COVID-19
infection on mortality and other clinical outcomes in patients presenting with STEMI.

Methods: This meta-analysis was registered in PROSPERO (CRD42021297458) and performed according to the
Cochrane Handbook for Systematic Reviews of Interventions. PubMed and Embase were searched from inception
to November 2021 (updated on April 2022) using a search strategy consisting of terms relating to COVID-19,
STEMI, and mortality.

Results: We identified 435 studies through our initial search. After screening according to our eligibility criteria, a
total of 11 studies were included. Compared with the non-COVID-19 STEMI patients, the in-hospital mortality
rate was higher in COVID-19-positive STEMI patients. Similarly, the risk of cardiogenic shock was higher in the
COVID-19-positive patients. Length of hospital stay was longer in STEMI patients with COVID-19.

Conclusions: Our study highlights the necessity for early evaluation of COVID-19 status in all STEMI patients
followed by risk stratification, prompt reperfusion and more aggressive management of COVID-19-positive pa-
tients. Further research is needed to elucidate the mechanisms behind poorer prognosis in such patients.

1. Manuscript

Coronavirus Disease 2019 (COVID-19) has been associated with an
increased risk of adverse cardiovascular events including arteriovenous
thrombosis, myocarditis and acute myocardial injury.[1-3] While the
outcomes in ST-segment elevation myocardial infarction (STEMI) pa-
tients during the COVID-19 pandemic compared with the pre-pandemic
era have been investigated,[4] there is a paucity of robust, broadly
representative data directly comparing outcomes between STEMI
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patients with and without a diagnosis of COVID-19. Relevant literature
to date has reported widely varying estimates of mortality, ranging from
approximately 2 to 11 times higher odds of mortality in COVID-19-
positive STEMI patients. Hence, we conducted this meta-analysis to
resolve these inconsistencies and assess the impact of COVID-19 infec-
tion on mortality and other clinical outcomes in patients presenting with
STEMI.

This meta-analysis was registered in PROSPERO (CRD42021297458)
and performed according to the Cochrane Handbook for Systematic

Received 14 July 2022; Received in revised form 27 October 2022; Accepted 16 November 2022

Available online 17 November 2022

2352-9067/© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:kyle.lee@miun.se
www.sciencedirect.com/science/journal/23529067
https://www.sciencedirect.com/journal/ijc-heart-and-vasculature
https://doi.org/10.1016/j.ijcha.2022.101151
https://doi.org/10.1016/j.ijcha.2022.101151
https://doi.org/10.1016/j.ijcha.2022.101151
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcha.2022.101151&domain=pdf
http://creativecommons.org/licenses/by/4.0/

H.A. Cheema et al.

1JC Heart & Vasculature 43 (2022) 101151

Odds Ratio Odds Ratio
A Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Rand 95% ClI
Choudry 2020 1.1334 0.6231  7.3% 3.11[0.92, 10.53] 1
De Luca 2021 22332 05772 7.8%  9.33[3.01,28.92]
Emren 2021 0.9365 04186  9.7% 2.55[1.12,5.79] a—
Garcia 2021 24352 02791 11.4%  11.42[6.61,19.73] —_
Kiris 2021 1.1159 0.5632  8.0% 3.05[1.01,9.21]
Kite 2021 1203 025 11.7% 3.33[2.04, 5.44] I
Koutsoukis 2021 2.0747 06155  7.4% 7.96 [2.38, 26.60]
Little 2020 104088 9.8% 2.72[1.22, 6.06] —_—
Marfella 2021 1.8075 0.8841 51%  6.10[1.08, 34.48]
Rodriguez-Leor 2021 1579 04419 94%  4.85[2.04,11.53] _—
Saad 2021 0.47 01597 12.5% 1.60[1.17, 2.19] —-
Total (95% Cl) 100.0% 4.07 [2.48, 6.69] -
Heterogeneity: Tau? = 0.49; Chi? = 46.97, df = 10 (P < 0.00001); I = 79% + + + +
Test for overall effect: Z = 5.55 (P < 0.00001) 0.02 Lo[\)n./1er risk in CP 1 Higher risk i:IOCP 50
Odds Ratio Odds Ratio
B Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Choudry 2020 0.4353 0.5802 2.3% 1.55[0.50, 4.82]
De Luca 2021 0.7049 0.4185 4.3% 2.02[0.89, 4.60] N
Garcia 2021 0.5622 0.241 11.5% 1.75[1.09, 2.81] -
Kiris 2021 0.4871 0.4992 3.1% 1.63[0.61, 4.33] I
Kite 2021 0.392 0.0781 43.4% 1.48[1.27,1.72] L
Little 2020 -0.0462 0.4689 3.5% 0.95[0.38, 2.39] I
Marfella 2021 1.083 0.8353 1.1% 2.95[0.57, 15.18]
Saad 2021 0.0677 0.1174 30.8% 1.07 [0.85, 1.35] "
Total (95% ClI) 100.0% 1.38 [1.16, 1.65] <
ity: 2 = - Chiz = = = - |2 = 229 t t t } } t
_II-_Ietttel;ogeneltyl.l Tzfafu : 3913 gahl - —86936?); 7 (P =0.26); I?=22% 01 02 05 1 5 : 10
est for overall effect: Z = 3.58 (P = 0. ) Lower risk in CP  Higher risk in CP
Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
C Choudry 2020 53.67 23.79 39 47.43 17.15 76  15.6% 6.24 [-2.16, 14.64] ™
De Luca 2021 44.33 28.07 62 42 33.33 310 15.8% 2.33[-5.58, 10.24] T
Emren 2021 35 20 36 49 17 96 15.9% -14.00[-21.37,-6.63] -
Garcia 2021 85.33 54.07 230 68.33 34.81 460 15.8% 17.00 [9.32, 24.68] -
Kite 2021 152 223.8 144 59 57.78 24961 5.7% 93.00 [56.44, 129.56] e —
Little 2020 55.67 29.07 46 47.33 22.96 302 15.4% 8.34 [-0.45, 17.13] ™
Marfella 2021 54.67 26.01 46 48.06 16.94 130 15.7% 6.61[-1.45, 14.67] ™
Total (95% CI) 603 26335 100.0%  9.45[-1.25, 20.15] >
ity 2 = . Chi2 = - .12 = 909 + + t +
?etf;ogeneltyl.l T:fu : ;7_2.183,3C2|_ 0508537, df = 6 (P <0.00001); I>=90% 100 80 0 50 100
est for averall effect: 2 = 1.73 (P = 0.08) Decreased in CP  Increased in CP
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
D Garcia 2021 8 8.89 230 267 148 460 24.9% 5.33[4.17, 6.49] =
Kite 2021 727 749 144 2 222 24961 24.8% 5.27 [4.05, 6.49] =
Little 2020 5.33 4.59 46 3 1.48 302 24.6% 2.33[0.99, 3.67] -
Saad 2021 4 37 551 367 296 2755 25.8% 0.33[0.00, 0.66] .
Total (95% Cl) 971 28478 100.0% 3.29 [0.34, 6.24] -
Heterogeneity: Tau? = 8.76; Chi? = 120.29, df = 3 (P < 0.00001); I2 = 98% _150 5 5 5 150

Test for overall effect: Z=2.18 (P = 0.03)

Decreased in CP  Increased in CP

Fig. 1. Forest plots displaying (a) The odds of in-hospital mortality in COVID-19-positive (CP) vs COVID-19-negative (CN) STEMI patients; (b) The odds of
cardiogenic shock on presentation in CP vs CN; (¢) The mean difference for D2B time between CP and CN; (d) The mean difference for the length of hospital stay

between CP and CN.

Reviews of Interventions.[5] PubMed and Embase were searched from
inception to November 2021 (updated on April 2022) using a search
strategy consisting of terms relating to COVID-19, STEMI, and mortality
(Table S1). We also screened reference lists of relevant articles to pro-
cure any missed studies. We included studies that compared our primary
outcome, in-hospital mortality, between COVID-19-positive and COVID-
19-negative cohorts with primarily out-of-hospital STEMI (Table S2).
We excluded all studies that compared the COVID-19 era with the pre-
pandemic era without considering the COVID-19 status of STEMI pa-
tients. The screening and data extraction processes were independently
carried out by two authors. Our secondary outcomes were cardiogenic
shock on presentation, door-to-balloon (D2B) time and length of hos-
pital stay. Data were pooled using a random-effects model with odds
ratios (ORs) and mean differences (MDs) as effect measures. Publication

bias was assessed using Egger’s test for funnel plot asymmetry. RevMan
5.4 and JASP 0.14.1.0 were used for all analyses. Risk-of-bias assessment
was conducted using the Newcastle-Ottawa Scale (NOS) (Supplemen-
tary Methods).

We identified 435 studies through our initial search. After screening
according to our eligibility criteria, a total of 11 studies were included
(Fig. S1). The references for included studies are given in Supplementary
References. The characteristics of included participants are presented in
Table S3. Most of our studies (n = 6) were of high quality while the most
common flaw was the lack of comparability of cohorts (4 studies:
Table S4). Compared with the non-COVID-19 STEMI patients, the in-
hospital mortality rate was higher in COVID-19-positive STEMI pa-
tients (OR 4.07; 95 % CI: 2.48-6.69, 1279 %; Fig. 1a). Similarly, the risk
of cardiogenic shock was higher in the COVID-19-positive patients (OR
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1.38; 95 % CI: 1.16-1.65, 12 22 %; Fig. 1b). There was no difference in
D2B time between the two cohorts (MD 9.45 min, 95 % CI: —1.25 to
20.15 min, I2 90 %; Fig. 1c). Length of hospital stay, however, was
longer in STEMI patients with COVID-19 (MD 3.29 days, 95 % CI:
0.34-6.23 days; I? 97 %; Fig. 1d). We performed subgroup analyses of in-
hospital mortality based on the use of unadjusted values versus adjusted
values and historical versus concurrent cohort in the included studies
(Figs. S2 and S3). No statistically significant difference was observed
between the subgroups for both analyses. No publication bias was
detected in our primary outcome according to Egger’s test (P = 0.352;
Fig. S4).

To our knowledge, this is the first comprehensive meta-analysis
investigating in-hospital mortality in COVID-19-positive STEMI pa-
tients. Our results show that the odds of in-hospital mortality are four
times higher in these patients than in those without a diagnosis of
COVID-19. However, there was no difference in D2B time between the
COVID-19 and the non-COVID-19 group.

A previous meta-analysis demonstrated that mortality rates in STEMI
patients during the COVID-19 pandemic were higher compared with the
pre-pandemic era.[4] However, since the studies included in this meta-
analysis did not assess COVID-19 status, it remains unclear whether the
increase in mortality is the result of pandemic-related dynamics, such as
patients’ reluctance to seek medical care and overwhelmed health ser-
vices or the direct effect of COVID-19 infection. Our meta-analysis differs
from previous ones as it includes an entirely different set of studies by
excluding those that did not assess COVID-19 status in patients pre-
senting with STEMI.

COVID-19 is associated with a hyperinflammatory state causing
plaque disruption along with a pro-thrombotic milieu.[3,6] In addition,
the angiotensin-converting enzyme-2 (ACE-2) receptor present in car-
diomyocytes could be a mediator of direct viral damage to the
myocardium.[7] Accordingly, findings from a study have indicated that
in the 7 days following COVID-19 diagnosis, the risk of myocardial
infarction is roughly increased twofold.[8] Notably, the large increase in
in-hospital mortality in our study was consistent regardless of the use of
a historical or concurrent cohort. This suggests that COVID-19 infection
itself might be a bigger contributor to worse prognosis in STEMI patients
than deficient care delivery during the pandemic compared with before
the pandemic. Moreover, the concerningly high rate of cardiogenic
shock seen in COVID-19 patients is likely a major contributor to their
poorer prognosis. Our findings are also in-line with a previous meta-
analysis that included a few small studies and reported a higher risk of
mortality in COVID-19-positive STEMI patients.[9] Of note, D2B time
did not differ between the two groups further reinforcing the idea that
healthcare restrictions during the pandemic might not play a major role
in the large increase in mortality seen in the COVID-19 group. However,
this finding should be interpreted with caution as the onset-to-balloon
time is a potentially important confounding factor for this that could
not be explored well in our review due to lack of data from included
studies.

There are some limitations of our study including a high risk of
confounding bias due to the observational nature of our included
studies. Moreover, there was considerable heterogeneity in our out-
comes. We used random-effects models and subgroup analyses to
address this but differences in STEMI management protocols and
COVID-19 infection rates between different regions may limit the
interpretation of our results. Additionally, only one of our studies re-
ported separate data regarding in-hospital STEMI, we therefore only
analyzed data mainly on out-of-hospital STEMI. Lastly, there was a lack
of long-term outcomes in our studies which could provide more insights
into the effects of COVID-19 infection on STEMI patients.

Our study highlights the necessity for early evaluation of COVID-19
status in all STEMI patients followed by risk stratification, prompt
reperfusion and more aggressive management of COVID-19-positive
patients. Further research is needed to elucidate the mechanisms
behind poorer prognosis in such patients.

1JC Heart & Vasculature 43 (2022) 101151
Human and animal participants

Research involving human participants and/or animals: No animals
or human subjects were used in the current study.

Informed consents

No informed consents were required for the purpose of the current
study.

Availability of data

The data that support the findings of this study are available from the
first author upon reasonable request.
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