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Abstract: Background: The influence of the early COVID-19 pandemic on non-COVID-19 emergencies
is uncertain. We conducted a systematic review and a meta-analysis to evaluate the impact of the
first months of the COVID-19 pandemic on the presentation, management, and prognosis of patients
presenting with ST-segment elevation myocardial infarction (STEMI). Methods: We searched the
PubMed, Scopus, and Embase databases from January to August 2020. A meta-analysis of studies
comparing the profile, STEMI severity at presentation, reperfusion delay, and in-hospital mortality
for patients presenting before and during the early COVID-19 pandemic was conducted. Fifteen
cross-sectional observational studies including 20,528 STEMI patients from the pre-COVID period
and 2190 patients diagnosed and treated during the first months of the COVID-19 pandemic met the
inclusion criteria. Results: Patients presenting with STEMI during the pandemic were younger and
had a higher comorbidity burden. The time interval between symptoms and first medical contact
increased from 93.22 ± 137.37 min to 142 ± 281.60 min (p < 0.001). Door-to-balloon time did not differ
significantly between the two periods (p = 0.293). The pooled odds ratio (OR) for low left ventricular
ejection fraction at presentation during the pandemic was 2.24 (95% confidence interval (CI) 1.54–3.26)
and for a presentation delay >24 h was 2.9 (95% CI 1.54–5.45) relative to before the pandemic. In-
hospital mortality did not increase significantly during the outbreak (p = 0.97). Conclusion: During
the first months of the COVID-19 pandemic, patients presenting with STEMI were addressed later in
the course of the disease with more severe left ventricular impairment. In-hospital emergency circuits
and care functioned properly with no increase in door-to-balloon time and early mortality.

Keywords: symptoms-to-first-medical-contact time; door-to-balloon time; total ischemic time; left
ventricular ejection fraction; troponin I; mortality

1. Introduction

The new severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) that was
isolated in the Chinese city of Wuhan in December 2019 caught the entire world by surprise
and rapidly evolved to a pandemic. Medical systems worldwide were forced to adopt
measures to prevent the spread of the coronavirus disease (COVID-19). The penetrance
of the virus varied among different countries around the world, with China and Italy
being the most affected in the initial phase of the pandemic [1]. Authorities all around
the world issued new laws and recommendations restricting certain rights and freedoms
(movement, travel), limiting social interaction, and imposing self-confinement. Therefore,
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medical systems were also redesigned, with certain facilities being transformed into COVID-
19 hospitals, new triage systems, patient separation, limitation of presentations in an
outpatient setting, and novel management of emergencies. Patients became more reluctant
to seek medical help because of fear of viral contamination, confusion with COVID-19
symptoms [2], lack of correct information concerning the state of medical services, and
lockdown measures.

Non-COVID-19 emergencies were also affected by the pandemic. Reports as well
as unicentric and multicentric studies were published in a short period by teams from
various countries to describe the experience with acute coronary syndromes presentation,
management, and prognosis during periods of restrictive social and medical measures.
Because of the absence of a clear image of the influence of the first months of the COVID-
19 pandemic on patients with ST-segment elevation myocardial infarction (STEMI), we
conducted a systematic review of the literature and a meta-analysis of selected studies to
evaluate the impact of the early COVID-19 pandemic on the presentation, management,
and prognosis of STEMI patients.

2. Materials and Methods

The international prospective register of systematic reviews (PROSPERO) registration
number for this study is: CRD42020202468.

2.1. Search Strategy

PubMed, Scopus, and Embase databases were searched using the following queries:
ST elevation myocardial infarction COVID, ST elevation myocardial infarction SARS-CoV-2,
acute coronary syndromes COVID, and acute coronary syndromes SARS-CoV-2—returning
the results displayed in Figure 1. No language limitation was applied. Identified references
were checked for duplicates and a total of 428 records resulted. All abstracts were screened
manually for additional removal of 330 reviews, letters to the editor, editorials or short
communications containing no actual data. A total of 98 abstracts qualified for further
evaluation of the full-text article to decide whether they met the inclusion and exclusion
criteria. Another 67 articles were excluded due to missing data, absence of a control group,
or no separate analysis of STEMI. Finally, 15 studies were included in the quantitative
synthesis (Table 1).
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Table 1. Summary of included studies.

No Author Type No of Centres Equivalent Time
Periods Groups Number of

STEMI Patients
SARS-CoV-2

Positive Age, Years Male, %

1 Abdelaziz et al.
[3]

Retrospective
cross-sectional
observational

(STEMI)

1 (UK)
Yes,

1–31 March 2019
1–31 March 2020

Pre-COVID
COVID

69
46

No/Not
indicated

66.6 ± 11.9
63.2 ± 11.1

76.8
69.6

2 Braiteh et al. [4]

Retrospective
cross-sectional

observational (ACS,
STEMI extracted)

4 (NY, USA)
Yes,

1 March–30 April 2019
1 March–30 April 2020

Pre-COVID
COVID

28
23

No/Not
indicated

67.4 ± 16
58.6 ± 13

64.3
60.9

3 Tam et al. [5]

Retrospective
cross-sectional

observational (ACS,
STEMI extracted)

1 (Hong-Kong)

No,
1 November 2019–24

January 2020
25 January 2020–31

March 2020

Pre-COVID
COVID

36
27 - Not specified

for STEMI
Not specified for

STEMI

4 Clayes et al. [6]

Retrospective
cross-sectional
observational

(STEMI)

Multiple
(Belgium,
national
registry)

No,
13 March–3 April 2017,

2018, 2019
13 March–3 April 2020

Pre-COVID
COVID

761
188

7 (3.72%)—
excluded from

mortality

63 ± 15
63 ± 12

74
80

5 Coughlan et al. [7]

Retrospective
cross-sectional
observational

(STEMI)

1 (Ireland)
Yes,

27 March–17 April 2019
27 March–17 April 2020

Pre-COVID
COVID

14
9

No/Not
indicated

59 ± 10
58 ± 17

100
55

6 De Rosa et al. [8]

Retrospective
cross-sectional

observational (ACS,
STEMI extracted)

54 (Italy,
national survey)

Yes,
12–19 March 2019
12–19 March 2020

Pre-COVID
COVID

268
197

21 (10.7%)—
excluded from

mortality

65.4 ± 9.7
66.5 ± 10.2

75
79.69

7 Hammad et al. [2]

Retrospective
cross-sectional
observational

(STEMI)

18 (OH, USA)

No,
1 January–22 March

2020
23 March 2020–15 April

2020

Pre-COVID
COVID

108
35

No/Not
indicated

61.8 ± 12.6
66 ± 10

72
49

8 Hauguel-Moreau
et al. [9]

Retrospective
cross-sectional

observational (ACS,
STEMI extracted)

1 (France)

No,
17 February–26 April

2018, 2019
17 February–26 April

2020

Pre-COVID
COVID

63
16 1 (6.25%) Not

mentioned Not mentioned
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Table 1. Cont.

No Author Type No of Centres Equivalent Time
Periods Groups Number of

STEMI Patients
SARS-CoV-2

Positive Age, Years Male, %

9 Popovic et al. [10]

Prospective
cross-sectional
observational

(STEMI)

1 (France)
No,

All patients 2008–2017
26 February–10.05.2020

Pre-COVID
COVID

1552
72

No/Not
indicated

59.6 ± 12.9
62.5 ± 12.6

76.10
73.60

10 Romaguera et al.
[11]

Retrospective
cross-sectional
observational

(STEMI)

10 (Spain)
Yes,

1 March–19 April 2019
1 March–19 April 2020

Pre-COVID
COVID

524
395

No/Not
indicated

63.4 ± 0.6
61.9 ± 0.7

79.20
80.25

11 Scholz et al. [12]

Retrospective
cross-sectional
observational

(STEMI)

41 (Germany)
No,

1–31 March 2017–2019
1–31 March 2020

Pre-COVID
COVID

1329
387

No/Not
indicated

63.6 ± 0.4
64.5 ± 0.7

73
72

12 Secco et al. [13]

Retrospective
cross-sectional

observational (ACS,
STEMI extracted)

3 (Italy)
Yes,

1–31 March 2019
1–31 March 2020

Pre-COVID
COVID

59
34

Yes (number not
mentioned for

STEMI)

Not
mentioned for

STEMI

Not mentioned
for STEMI

13 Tan et al. [14]

Retrospective
cross-sectional

observational (ACS,
STEMI extracted)

1 (CA, USA)

No,
23 December 2019–18

March 2020
19 March–12 April 2020

Pre-COVID
COVID

33
8

No/Not
indicated

Not
mentioned for

STEMI

Not mentioned
for STEMI

14 Versaci et al. [15]

Retrospective
cross-sectional
observational

(STEMI)

1 (Italy)
Yes,

1–19 March 2019
1–19 March 2020

Pre-COVID
COVID

38
24

No/Not
indicated

Not
mentioned Not mentioned

15 Wu et al. [16]

Prospective
cross-sectional
observational

(STEMI)

99 (UK)

No,
1 January 2019–22

March 2020
23 March–19 April 2020

Pre-COVID
COVID

15,646
729

No/Not
indicated

65.76 ± 13.44
64.64 ± 13.11

72
72

ACS—acute coronary syndromes; STEMI—ST-segment elevation myocardial infarction.
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2.2. Inclusion and Exclusion Criteria

Included studies met the following criteria: (1) the study focused on the impact of
the first months of the COVID-19 pandemic on patients presenting with STEMI regarding
reperfusion delay (symptom-to-first-medical-contact (FMC) time, door-to-balloon time,
total ischemic time, presentation > 24 h), STEMI severity at presentation (LVEF, cTn-I), and
in-hospital mortality; (2) the study was a cross-sectional observational study (prospective or
retrospective) reporting data from a lockdown period or a period of maximal social/health
care measures in the respective country (e.g., stop of elective procedures); (3) the study
provided the number of cases, means, and standard deviations or sufficient information to
calculate them.

A study was excluded from the meta-analysis if it (1) only provided information
from the period associated to the early COVID-19 pandemic and no comparison with a
pre-COVID-19 control group from the same institution(s); (2) presented only percentages,
percentage differences, or mean values differences; (3) was a low-quality investigation.

2.3. Data Extraction

Three investigators (G.D.S., C.I.S., and N.G.) extracted the following data from each
selected study: first author’s surname, number of centres that provided data for the study,
the country the study was conducted in, sample size ((1) if the study analysed the whole
spectrum of ACS data was extracted for STEMI only; (2) if the study also contained SARS-
CoV-2 positive patients, mortality was assessed only for SARS-CoV-2 negative patients),
baseline data, and outcome data. A 4th investigator, G.T., analysed the final data and
referred to the original article in case of difference between extracted data. When incomplete
data were provided, the corresponding author was contacted.

2.4. Quality Assessment

The Newcastle–Ottawa Scale (NOS) for assessing the quality of nonrandomised studies
in meta-analyses was used to evaluate the quality of the studies included. All studies scored
6 or 7 stars (high-quality studies) (Table 2). Two investigators independently evaluated the
selected articles (G.T. and R.O.C.).

Table 2. Quality assessment using Newcastle–Ottawa scale.

No Author Selection Comparability Exposure Score
1 2 3 4 5.1 5.2 6 7 N.A.

1 Abdelaziz et al. [3] x x x x x x x 7
2 Braiteh et al. [4] x x x x x x x 7
3 Tam et al. [5] x x x x x x 6
4 Clayes et al. [6] x x x x x x 6
5 Coughlan et al. [7] x x x x x x 6
6 De Rosa et al. [8] x x x x x x x 7
7 Hammad et al. [2] x x x x x x x 7
8 Hauguel-Moreau et al. [9] x x x x x x 6
9 Popovic et al. [10] x x x x x x x 7

10 Romaguera et al. [11] x x x x x x x 7
11 Scholz et al. [12] x x x x x x x 7
12 Secco et al. [13] x x x x x x 6
13 Tan et al. [14] x x x x x x 6
14 Versaci et al. [15] x x x x x x 6
15 Wu et al. [16] x x x x x x x 7

N.A.—not applicable.

2.5. Statistical Analysis

Studies included in the analysis were functionally identical (cross-sectional observa-
tional), with the effect size differing mainly because of sampling. We used the Review
Manager (RevMan) 5.4 (The Cochrane Collaboration, 2020) software to compute the pooled
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effect size with mean difference and 95% confidence intervals (CI) by the inverse variance
method for continuous variables, and with odds ratio (OR) and 95% CI by the Mantel–
Haenszel method for dichotomous variables. The heterogeneity among studies was esti-
mated by a chi-squared-based Q test and I2 statistics; a p value > 0.05 for the Q test and
an I2 > 50% was considered a measure of important heterogeneity. When heterogeneity
was found across the analysis, the random effect method was used for analysing the data.
Online supplements were consulted, and the authors used them to complete the data when
possible. The pooled sample mean and pooled standard deviation (SD) were calculated
according to the recommendations of the Cochrane Handbook of Systematic Reviews [17].
When median and interquartile ranges were reported, mean and standard deviation were
estimated using the methods described by Luo et al. [18] and Wan et al. [19], respectively.
When mean was reported together with 95% CI, RevMan Calculator (Cochrane Training)
was used to compute standard deviation. Mortality and STEMI severity evaluation (using
left ventricular ejection fraction (LVEF) and troponin I (cTn-I) levels at presentation) were
evaluated only for SARS-CoV-2-negative patients presenting during the COVID-19 pan-
demic. Three of the selected studies also included SARS-CoV-2-positive patients. For these
studies, the mortality of SARS-CoV-2-negative patients was recalculated using available
data. Publication bias was assessed using the funnel plot.

3. Results

The 15 selected studies included a total of 20,528 STEMI patients diagnosed and
treated in the pre-COVID period and 2190 patients diagnosed and treated during a period
of restrictions because of the COVID-19 pandemic.

3.1. Patients’ Profile

The baseline characteristics of patients from the groups studied are reported in Table 3.

Table 3. Patient baseline characteristics.

Pre-COVID-19 COVID-19 p

Age (mean ± SD) (10 studies) 64.96 ± 12.90 63.98 ± 9.9 0.0008
Male patients (n, %) (10 studies) 14,732 (72.58) 1545 (74.24) 0.103

Arterial hypertension (n, %) (7 studies) 7942 (40.77) 660 (45.02) 0.00143
Diabetes mellitus (n, %) (7 studies) 3662 (18.80) 307 (20.94) <0.001

Smoking (n, %) (6 studies) 6239 (33.33) 452 (35.36) <0.001
Dyslipidaemia (n, %) (5 studies) 4576 (24.59) 3232 (25.98) <0.001
Family history (n, %) (3 studies) 242 (17.14%) 88 (19.91%) 0.18

Known coronary artery disease (n, %) (3 studies) 229 (11.91) 102 (12.32) <0.001
SD—standard deviation.

Patients presenting with STEMI during the first months of the COVID-19 pandemic
were younger and registered a higher incidence of CAD risk factors compared to patients
presenting before the pandemic.

3.2. STEMI Presentation

A decrease in the number of STEMI patients presenting daily was identified and quan-
tified using data from 13 studies, with decreases ranging from 2.38% to 48.89%. Hammad
et al. [2] were the only ones to signal an 14.29% increase in presentations (35 patients over
a 23-day period during the COVID-19 pandemic compared to 108 patients over an 81-day
period before). In the case of Popovic et al. [10], the number of cases/day could not be
estimated given the imprecise “before” interval (cohort of STEMI patients treated during
2008–2017) (Figure 2).
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Figure 2. Percentage variation of the number of patients presenting daily during the pandemic
compared to the period before.

The time interval between symptoms and the first medical contact (FMC) was reported
by five studies but in the pooled analysis only four were included. The research of Scholz
et al. [12] was eliminated from the overall estimate as they analysed patients from the
FITT-STEMI study which includes only cases presenting within 24 h from symptom onset.
Pooled results of the four remaining studies revealed that in the pre-COVID-19 period,
patients were addressed at 93.22 ± 137.37 min after the onset of symptoms compared to
142 ± 281.60 min during the first months of the pandemic (p < 0.001); according to the
forest plot, however, there is great heterogeneity across the studies (I2 = 88%, p < 0.01) for
reported data, and we could not calculate a summary effect (Figure 3).
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Figure 3. Forest plots for symptoms-to-FMC time.

Door-to-balloon time was reported by eight studies and did not differ significantly
between the two periods (48.85 ± 46.42 min before compared to 47.68 ± 39.29 min during
the pandemic, p = 0.293). Similar to symptoms-to-FMC time, the forest plot indicated a
significant heterogeneity across the studies (I2 = 90%, p < 0.001), but the pooled effect was
balanced compared to the previous case (Figure 4).
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The total ischemic time was extracted from three studies, and standard mean difference
was used to assess the pooled effect as for Coughlan et al. [7] the SD was computed from
reported statistics (mean, 95% CI and p value). The mean total ischemia time increased
from 229.48 ± 207.20 min to 417.06 ± 493.004 min during the pandemic (p < 0.001). A
significant heterogeneity was found across the studies (I2 = 71%, p < 0.002), which again
did not allow us to calculate a summary effect (Figure 5).
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The troponin-I level (cTn-I) was reported by three studies, and standard mean differ-
ence was used to assess the pooled effect as studies used different measurement methods
and laboratory reference values. Irrespective to the measurement method, a higher tro-
ponin level was registered at admission during the COVID-19 pandemic (Figure 6) with no
heterogeneity across the studies (I2 = 0%, p = 0.45).
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Figure 6. Forest plots for troponin-I level.

The percentage of patients with a low LVEF (<40%) at presentation was reported with
no heterogeneity (I2 = 0%, p = 0.96) by three studies that were unanimous in finding an
association between the presentation during the COVID-19 outbreak and the severity of
the myocardial infarction. The pooled analysis of the three studies revealed a significant
increase in severe left ventricular impairment risk by a factor of 2.24 in a fixed-effects model
(Figure 7).
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A presentation delay beyond 24 h was reported by four studies with low heterogeneity
(I2 = 31%, p = 0.22) with two studies only reporting the delay >12 h. Pooled analysis of the
four studies identified a significant increase in late presentation risk during the outbreak
by a factor of 2.9 (Figure 8).
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3.3. STEMI Outcome

In-hospital mortality was reported by eight studies with increased heterogeneity
(I2 = 58%, p = 0.02) and the pooled effect did not reveal a significant increase. Overall, in-
hospital mortality was 7.04% for STEMI patients presenting before the pandemic compared
to 7.02% during the first months of the pandemic (p = 0.97). The pooled effect is largely
based on the mortality reported by three large multicentric studies [11,12,16] contributing
to more than 80% of the total weight. The funnel plot did not reveal a significant bias
(Figure 9).
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4. Discussion
4.1. Patients’ Profile

This meta-analysis is the first to evaluate the impact of the first months of the COVID-
19 pandemic on the presentation and outcome of STEMI patients. Our results suggest
that patients presenting with STEMI during the pandemic are younger and register a
higher comorbidity burden for acute coronary syndromes (arterial hypertension, diabetes
mellitus, smoking, dyslipidaemia, and known coronary artery disease). From the 31 studies
included in the qualitative synthesis, only 3 [2,14,20] reported that patients presenting
during the COVID-19 period were older. Irrespective of age, the studies were unanimous
in quantifying a higher prevalence of comorbid statuses in patients with STEMI during
the pandemic. Interestingly, ACS and SARS-CoV-2 share the same risk profile: patients
most likely to present with STEMI are those at a higher risk of complications in case of
SARS-CoV-2 infection.

4.2. STEMI Presentation

A decline in the admission rate was quantified using data from 13 of the 15 studies,
with percentages ranging from 2.38% in the study of Tam et al. [5] to a maximum of 65%
in the research of Hauguel-Moreau et al. [9]. Hammad et al. [2] were the only ones to
report a 14.29% increase in their multicentric study performed in the USA, and Rattka
et al. [21] to report an unchanged addressability. The decreasing trend was registered
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irrespective of the penetrance of SARS-CoV-2 in the country in which the research was
performed. This indicates that patients might have avoided contact with healthcare systems
worldwide because of fear of infection, new emergency response measures, strict guidelines
for self-isolation during lockdown periods, and social distancing. Governmental calls to
avoid overloading healthcare facilities and to seek medical care only in cases of emergen-
cies were suspected as a concurrent factor by Rattka et al. [21]. Moreover, primary care
physicians restricted their activity during the COVID-19 outbreak in several countries, such
as France [22]. Consequently, there have could been STEMI cases that never reached the
hospital [8,10,16,23]. A true reduction in the incidence of ACS was indicated as a potential
additional explanation by several studies [4,6,15,24] because of limited physical activity,
work from home, lack of environmental triggers, less smoking, better medication adherence,
and lower pollution levels. An interesting factor was signalled by Hauguel-Moreau et al.
and Kessler et al.—avoidance of medical care by altruism [9,25].

An increase in symptoms-to-FMC time was identified in four studies [3,7,9,16] and a
slight decrease in the study of Scholz et al. [12] as they only included patients presenting
within 24 h from symptom onset. The studies were heterogenous in reporting the time
intervals and we computed a mean 142 ± 281.60 min delay during the pandemic compared
to 93.22 ± 137.37 min before. This aspect is extremely important, as Brodie et al. proved that
patients with symptoms-to-FMC time <90 min experience a reduction in 1-year mortality.
The highest increase in symptoms-to-FMC time was found in the study of Coughlan et al. [7],
from 323 to 1450 min, followed by that of Hauguel-Moreau et al. [9], from 121 to 600 min
(median values). In another study not included in our meta-analysis, Wilson et al. [26]
indicate a three-time increase in symptoms-to-FMC time. The same fear of contamination
and misinterpretation of symptoms like cough and shortness of breath (assimilated to
SARS-CoV-2 infection) were considered trigger factors by Firouzi et al., Braiteh et al., and
Rattka et al. [4,21,27].

The door-to-balloon time was reported by eight studies and did not register a signif-
icant change during the first months of the COVID-19 pandemic (to 47.68 ± 39.29 min
vs. 48.85 ± 46.42 min before). The only study that reported a significant increase from
39 to 45 min was the one performed by Clayes et al. [6]. Compared to symptoms-to-FMC
time, door-to-balloon time is under the control of medical staff, and its constant level
indicates that at an organizational level the emergency circuits were maintained completely
functional. A small delay was indicated by Scholz et al. [12] in the time from arrival
at the catheterization laboratory to vessel puncture (14.1 min before the pandemic and
12.9 min during) because of additional personal protection measures to avoid staff or
patient contamination.

The total ischemic time was reported by three studies and increased from 229.48 ± 207.20 min
to 417.06 ± 493.004 min during the first months of the pandemic, similar to symptoms-
to-FMC time. The highest increase was indicated by Coughlan et al. [7], from a mean of
485 min to 1550 min. Even if not included in the meta-analysis, the studies of Reinstadler
et al. [28] and Toner et al. [20] indicate a 1.7-fold and 3-fold increase in total ischemic times
in Austria and Australia, respectively. The patient delay could be considered the most
important factor driving the increase in total ischemic time as door-to-balloon time was
maintained constant.

Six studies divided patients according to presentation delay [3–5,7,13,15]. Abdelaziz
et al. [3] and Versaci et al. [15] reported that 26.10% and 16.67% of patients, respectively,
presented more than 12 h after symptoms onset during the pandemic compared to none
and 5.26% before. The threshold was considered 24 h by four studies used for the pooled
analysis. Reported percentages for >24 h presentation delay varied between 4.3–27.8%
before the pandemic to 21.7–44.22% during the outbreak. The pooled effect revealed that
34.40% of patients presented >24 h from symptoms onset during the outbreak compared
to 15.33% before (Chi2 = 11.37, p < 0.001). Thus, during the pandemic, patients may pass
from a time frame in which primary revascularisation provides substantial benefit to a
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time frame of minimal benefit and long-term morbidity and mortality, as the benefit of
reperfusion in STEMI is time-dependent.

As a consequence of delayed presentation and prolonged total ischemic time, left
ventricular impairment was more severe at admission, as shown by troponin-I levels and
LVEF. Troponin-I levels registered higher values during the first months of the pandemic
in three studies analysed [2,3,14]. The percentage of patients with low LVEF at admission
(<40%), a strong predictor for 1-year mortality [29], was reported by Hammad et al., Popovic
et al., and Secco et al. [2,10,13], and the pooled effect revealed a 2.25 higher risk of low
LVEF at admission during the pandemic.

4.3. STEMI Outcome

In-hospital mortality was reported by eight studies and overall did not differ signif-
icantly between the two periods because of the increased contribution of the two large
studies of Wu et al. [16] and Scholz et al. [12]. A single study performed in Italy by De Rosa
et al. [8] on patients from 54 hospitals indicated an increase in the fatality rate from 4.1%
to 11.9% for SARS-CoV-2 negative patients with STEMI. They also indicated an increase
in major complications rate from 10.4% to 18.8%. The discrepancy between increased
symptoms-to-FMC time, total ischemic time, number of patients presenting beyond the
24 h barrier since the onset of symptoms, and the overall stable mortality indicates that,
despite the pandemic, health systems worldwide maintained a very high level of care and
fully operational emergency circuits. Delays occur mostly at a patient level, and public
awareness measures are necessary to reduce this patient-related delay.

Most patients survived the initial event, but as De Luca et al. [30] have stated, for
each 30 min treatment delay the 1-year mortality increases by 7.5%. Early prognosis of
STEMI patients presenting during the COVID-19 pandemic is favourable [31], but the real
impact will be quantified by studies analysing mid- and long-term data, as the deleterious
effect of late or no presentation could manifest in the following years by an increase in
new heart failure cases and long-term cardiovascular mortality. In a study performed in
2021, Nioi et al. also indicated an increase in cases of medical liability due to delay in
treatment/hospitalization for other diseases during the COVID-19 pandemic [32]. The
societal aspect of the pandemic should also not be neglected by public health measures,
as vulnerable populations are at higher risk of delayed treatment and suffer more from
indirect consequences of the pandemic [33,34].

Mass-media involvement is necessary as the information spread during the initial
stages of the pandemic concerning the lack of personal protection equipment in hospitals
and medical systems focused on COVID-19 patients was not in favour of patients suffering
from acute conditions [8,22]. Our study attempted an overview of the immediate impact of
the COVID-19 pandemic on STEMI presentation and outcomes, but additional follow-up
data are necessary for a complete picture.

4.4. Limitations

Our meta-analysis suffers from severe limitations. Firstly, it is based on a limited
number of cross-sectional observational studies with a marked difference between sample
sizes, evaluated periods, confounding factors, and contradictory results. The impact of bias
on the estimated results is unknown. Secondly, we included uncontrolled studies performed
all over the world during the early phases of the pandemic period in countries with different
COVID-19 burdens and different social and healthcare measures (i.e., different hospital
admission regulations, patient transport regulations, emergency stratification rules during
lockdown periods, and organization of emergency medical services).

5. Conclusions

During the first months of the COVID-19 pandemic, a significant decrease in STEMI
admissions was registered around the world. Patients presenting with STEMI were younger,
with an increased comorbidity burden, were addressed later in the course of the disease, and
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had more severe left ventricular impairment. In-hospital emergency circuits and emergency
care functioned properly, with no increase in door-to-balloon time nor in early mortality.
Most delays registered were at a patient level. Healthcare systems should increase public
awareness and encourage the seeking of medical services every time severe symptoms
occur no matter the social or epidemiological context, as late presentation could increase
long-term morbidity and mortality.

Author Contributions: Conceptualization, C.F. and G.T.; methodology, R.O.C. and D.A.C.; resources,
N.G. and C.I.S.; data extraction, G.D.S., C.I.S. and N.G.; writing—original draft preparation, R.O.C.,
G.D.S. and D.A.C.; writing—review and editing, C.F. and G.T. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Informed consent was obtained from all subjects involved in analyzed
studies as stated by the respective authors.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Chen, J.; Lu, H.; Melino, G.; Boccia, S.; Piacentini, M.; Ricciardi, W.; Wang, Y.; Shi, Y.; Zhu, T. COVID-19 infection: The China and

Italy perspectives. Cell Death Dis. 2020, 11, 438. [CrossRef] [PubMed]
2. Hammad, T.A.; Parikh, M.; Tashtish, N.; Lowry, C.M.; Gorbey, D.; Forouzandeh, F.; Filby, S.J.; Wolf, W.M.; Costa, M.A.; Simon,

D.I.; et al. Impact of COVID-19 pandemic on ST-elevation myocardial infarction in a non-COVID-19 epicenter. Catheter. Cardiovasc.
Interv. 2020, 97, 208–214. [CrossRef] [PubMed]

3. Abdelaziz, H.K.; Abdelrahman, A.; Nabi, A.; Debski, M.; Mentias, A.; Choudhury, T.; Patel, B.; Saad, M. Impact of COVID-19
pandemic on patients with ST-segment elevation myocardial infarction: Insights from a British cardiac center. Am. Heart J. 2020,
226, 45–48. [CrossRef] [PubMed]

4. Braiteh, N.; Rehman, W.U.; Alom, M.; Skovira, V.; Breiteh, N.; Rehman, I.; Yarkoni, A.; Kahsou, H.; Rehman, A. Decrease in
acute coronary syndrome presentations during the COVID-19 pandemic in upstate New York. Am. Heart J. 2020, 226, 147–151.
[CrossRef] [PubMed]

5. Tam, C.F.; Cheung, K.S.; Lam, S.; Wong, A.; Yung, A.; Sze, M.; Fang, J.; Tse, H.F.; Siu, C.W. Impact of coronavirus disease 2019
(COVID-19) outbreak on outcome of myocardial infarction in Hong Kong, China. Catheter. Cardiovasc. Interv. 2020, 97, E194–E197.
[CrossRef] [PubMed]

6. Claeys, M.J.; Argacha, J.F.; Collart, P.; Carlier, M.; Van Caenegem, O.; Sinnaeve, P.R.; Desmet, W.; Dubois, P.; Stammen, F.; Gevaert,
S.; et al. Impact of COVID-19-related public containment measures on the ST elevation myocardial infarction epidemic in Belgium:
A nationwide, serial, cross-sectional study. Acta Cardiol. 2020, 76, 863–869. [CrossRef]

7. Coughlan, J.J.; Chongprasertpon, N.; Arockiam, S.; Arnous, S.; Kiernan, T.J. COVID-19 and STEMI: A snapshot analysis of
presentation patterns during a pandemic. Int. J. Cardiol. Heart Vasc. 2020, 30, 100546. [CrossRef]

8. De Rosa, S.; Spaccarotella, C.; Basso, C.; Calabro, M.P.; Curcio, A.; Filardi, P.P.; Mancone, M.; Mercuro, G.; Muscoli, S.; Nodari,
S.; et al. Reduction of hospitalizations for myocardial infarction in Italy in the COVID-19 era. Eur. Heart J. 2020, 41, 2083–2088.
[CrossRef]

9. Hauguel-Moreau, M.; Pillière, R.; Prati, G.; Beaune, S.; Loeb, T.; Lannou, S.; Mallet, S.; Mustafic, H.; Bégué, C.; Dubourg, O.; et al.
Impact of Coronavirus Disease 2019 outbreak on acute coronary syndrome admissions: Four weeks to reverse the trend. J. Thromb.
Thrombolysis 2021, 51, 31–32. [CrossRef]

10. Popovic, B.; Varlot, J.; Metzdorf, P.A.; Jeulin, H.; Goehringer, F.; Camenzind, E. Changes in characteristics and management among
patients with ST-elevation myocardial infarction due to COVID-19 infection. Catheter. Cardiovasc. Interv. 2021, 97, E319–E326.
[CrossRef]

11. Romaguera, R.; Ribera, A.; Güell-Viaplana, F.; Tomás-Querol, C.; Muñoz-Camacho, J.F.; Agudelo, V. Decrease in ST-segment
elevation myocardial infarction admissions in Catalonia during the COVID-19 pandemic. Rev. Esp. Cardiol. 2020, 73, 778–780.
[CrossRef] [PubMed]

12. Scholz, K.H.; Lengenfelder, B.; Thilo, C.; Jeron, A.; Stefanow, S.; Janssens, U.; Bauersachs, J.; Schulze, P.C.; Winter, K.D.; Schröder,
J.; et al. Impact of COVID-19 outbreak on regional STEMI care in Germany. Clin. Res. Cardiol. 2020, 109, 1511–1521. [CrossRef]
[PubMed]

13. Secco, G.G.; Zocchi, C.; Parisi, R.; Roveta, A.; Mirabella, F.; Vercellino, M.; Pistis, G.; Reale, M.; Maggio, S.; Audo, A.; et al.
Decrease and Delay in Hospitalization for Acute Coronary Syndromes during the 2020 SARS-CoV-2 Pandemic. Can. J. Cardiol.
2020, 36, 1152–1155. [CrossRef]

14. Tan, W.; Parikh, R.V.; Chester, R.; Harrell, J.; Franco, V.; Aksoy, O.; Dave, R.; Rafique, A.; Press, M. Single Center Trends in
Acute Coronary Syndrome Volume and Outcomes during the COVID-19 Pandemic. Cardiol. Res. 2020, 11, 256–259. [CrossRef]
[PubMed]

http://doi.org/10.1038/s41419-020-2603-0
http://www.ncbi.nlm.nih.gov/pubmed/32513951
http://doi.org/10.1002/ccd.28997
http://www.ncbi.nlm.nih.gov/pubmed/32478961
http://doi.org/10.1016/j.ahj.2020.04.022
http://www.ncbi.nlm.nih.gov/pubmed/32497914
http://doi.org/10.1016/j.ahj.2020.05.009
http://www.ncbi.nlm.nih.gov/pubmed/32569892
http://doi.org/10.1002/ccd.28943
http://www.ncbi.nlm.nih.gov/pubmed/32367683
http://doi.org/10.1080/00015385.2020.1796035
http://doi.org/10.1016/j.ijcha.2020.100546
http://doi.org/10.1093/eurheartj/ehaa409
http://doi.org/10.1007/s11239-020-02201-9
http://doi.org/10.1002/ccd.29114
http://doi.org/10.1016/j.recesp.2020.06.001
http://www.ncbi.nlm.nih.gov/pubmed/32834368
http://doi.org/10.1007/s00392-020-01703-z
http://www.ncbi.nlm.nih.gov/pubmed/32676681
http://doi.org/10.1016/j.cjca.2020.05.023
http://doi.org/10.14740/cr1096
http://www.ncbi.nlm.nih.gov/pubmed/32595811


Diagnostics 2022, 12, 588 13 of 13

15. Versaci, F.; Gaspardone, A.; Danesi, A.; Ferranti, F.; Mancone, M.; Mariano, E.; Rotolo, F.L.; Musto, C.; Proietti, I.; Berni, A.; et al.
Interplay between COVID-19, pollution, and weather features on changes in the incidence of acute coronary syndromes in early
2020. Int. J. Cardiol. 2021, 329, 251–259. [CrossRef] [PubMed]

16. Wu, J.; Mamas, M.; Rashid, M.; Weston, C.; Hains, J.; Luescher, T.; de Belder, M.A.; Deanfield, J.E.; Gale, C.P. Patient response,
treatments, and mortality for acute myocardial infarction during the COVID-19 pandemic. Eur. Heart J. Qual. Care Clin. Outcomes
2020, 7, 238–246. [CrossRef]

17. Higgins, J.P.T.; Green, S. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0; Updated March 2011; The Cochrane
Collaboration: London, UK, 2011. Available online: www.handbook.cochrane.org (accessed on 28 August 2021).

18. Luo, D.; Wan, X.; Liu, J.; Tong, T. Optimally estimating the sample mean from the sample size, median, mid-range, and/or
mid-quartile range. Stat. Methods Med. Res. 2018, 27, 1785–1805. [CrossRef]

19. Wan, X.; Wang, W.; Liu, J.; Tong, T. Estimating the sample mean and standard deviation from the sample size, median, range
and/or interquartile range. BMC Med. Res. Methodol. 2014, 14, 135. [CrossRef]

20. Toner, L.; Koshy, A.N.; Hamilton, G.W.; Clark, D.; Farouque, O.; Yudi, M.B. Acute coronary syndromes undergoing percutaneous
coronary intervention in the COVID-19 era: Comparable case volumes but delayed symptom onset to hospital presentation. Eur.
Heart J. Qual. Care Clin. Outcomes 2020, 6, 225–226. [CrossRef]

21. Rattka, M.; Baumhardt, M.; Dreyhaupt, J.; Rothenbacher, D.; Thiessen, K.; Markovic, S.; Rottbauer, W.; Imhof, A. 31 days
of COVID-19-cardiac events during restriction of public life—A comparative study. Clin. Res. Cardiol 2020, 109, 1476–1482.
[CrossRef]

22. Huet, F.; Prieur, C.; Schurtz, G.; Gerbaud, E.; Manzo-Silberman, S.; Vanzetto, G.; Elbaz, M.; Tea, V.; Mercier, G.; Lattuca, B.;
et al. One train may hide another: Acute cardiovascular diseases could be neglected because of the COVID-19 pandemic. Arch.
Cardiovasc. Dis. 2020, 113, 303–307. [CrossRef] [PubMed]

23. De Filippo, O.; D’Ascenzo, F.; Angelini, F.; Bocchino, P.P.; Conrotto, F.; Saglietto, A.; Secco, G.G.; Campo, G.; Gallone, G.; Verardi,
R.; et al. Reduced Rate of Hospital Admissions for ACS during COVID-19 Outbreak in Northern Italy. N. Engl. J. Med. 2020, 383,
88–89. [CrossRef] [PubMed]

24. Papafaklis, M.I.; Katsouras, C.S.; Tsigkas, G.; Toutouzas, K.; Davlouros, P.; Hahalis, G.N.; Kousta, M.S.; Styliadis, I.G.; Triantafyllou,
K.; Pappas, L.; et al. “Missing” acute coronary syndrome hospitalizations during the COVID-19 era in Greece: Medical care
avoidance combined with a true reduction in incidence? Clin. Cardiol. 2020, 43, 1142–1149. [CrossRef] [PubMed]

25. Kessler, T.; Graf, T.; Hilgendorf, I.; Rizas, K.; Martens, E.; Muhlen, C.V.Z.; Kraemer, P.; Meyer-Saraei, R.; Neumann, F.J.; Bode, C.;
et al. Hospital Admissions with Acute Coronary Syndromes during the COVID-19 Pandemic in German Cardiac Care Units.
Cardiovasc. Res. 2020, 116, 1800–1801. [CrossRef]

26. Wilson, S.J.; Connolly, M.J.; Elghamry, Z.; Cosgrove, C.; Firoozi, S.; Lim, P.; Sharma, R.; Spratt, J.C. Effect of the COVID-19
Pandemic on ST-Segment-Elevation Myocardial Infarction Presentations and In-Hospital Outcomes. Circ. Cardiovasc. Interv. 2020,
13, e009438. [CrossRef]

27. Firouzi, A.; Baay, M.; Mazayanimonfared, A.; Pouraliakbar, H.; Sadeghipour, P.; Noohi, F.; Maleki, M.; Peighambari, M.M.; Kiavar,
M.; Abdi, S.; et al. Effects of the COVID-19 Pandemic on the Management of Patients With ST-elevation Myocardial Infarction in
a Tertiary Cardiovascular Center. Crit. Pathw. Cardiol. 2021, 20, 53–55. [CrossRef]

28. Reinstadler, S.J.; Reindl, M.; Lechner, I.; Holzknecht, M.; Tiller, C.; Roithinger, F.X.; Frick, M.; Hoppe, U.C.; Jirak, P.; Berger, R.;
et al. Effect of the COVID-19 Pandemic on Treatment Delays in Patients with ST-Segment Elevation Myocardial Infarction. J. Clin.
Med. 2020, 9, 2183. [CrossRef]

29. Perelshtein Brezinov, O.; Klempfner, R.; Zekry, S.B.; Goldenberg, I.; Kuperstein, R. Prognostic value of ejection fraction in patients
admitted with acute coronary syndrome: A real world study. Medicine 2017, 96, e6226. [CrossRef]

30. De Luca, G.; Suryapranata, H.; Ottervanger, J.P.; Antman, E.M. Time delay to treatment and mortality in primary angioplasty for
acute myocardial infarction: Every minute of delay counts. Circulation 2004, 109, 1223–1225. [CrossRef]

31. Pessoa-Amorim, G.; Camm, C.F.; Gajendragadkar, P.; De Maria, G.L.; Arsac, C.; Laroche, C.; Zamorano, J.L.; Weidinger, F.;
Achenbach, S.; Maggioni, A.P.; et al. Admission of patients with STEMI since the outbreak of the COVID-19 pandemic: A survey
by the European Society of Cardiology. Eur. Heart J. Qual. Care Clin. Outcomes 2020, 6, 210–216. [CrossRef]

32. Nioi, M.; Napoli, P.E.; Finco, G.; Demontis, R.; Fossarello, M.; d’Aloja, E. Fear of the COVID-19 and medical liability. Insights
from a series of 130 consecutives medico-legal claims evaluated in a single institution during SARS-CoV-2-related pandemic.
Signa Vitae 2021, 17, 79–85. [CrossRef]

33. Lee, A.; Morling, J. COVID19: The need for public health in a time of emergency. Public Health 2020, 182, 188–189. [CrossRef]
[PubMed]

34. Nioi, M.; Napoli, P.E.; Lobina, J.; Fossarello, M.; d’Aloja, E. COVID-19 and Italian Healthcare Workers from the Initial Sacrifice to
the mRNA Vaccine: Pandemic Chrono-History, Epidemiological Data, Ethical Dilemmas, and Future Challenges. Front. Public
Health 2020, 8, 591900. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ijcard.2020.12.059
http://www.ncbi.nlm.nih.gov/pubmed/33387558
http://doi.org/10.1093/ehjqcco/qcaa062
www.handbook.cochrane.org
http://doi.org/10.1177/0962280216669183
http://doi.org/10.1186/1471-2288-14-135
http://doi.org/10.1093/ehjqcco/qcaa038
http://doi.org/10.1007/s00392-020-01681-2
http://doi.org/10.1016/j.acvd.2020.04.002
http://www.ncbi.nlm.nih.gov/pubmed/32362433
http://doi.org/10.1056/NEJMc2009166
http://www.ncbi.nlm.nih.gov/pubmed/32343497
http://doi.org/10.1002/clc.23424
http://www.ncbi.nlm.nih.gov/pubmed/32691901
http://doi.org/10.1093/cvr/cvaa192
http://doi.org/10.1161/CIRCINTERVENTIONS.120.009438
http://doi.org/10.1097/HPC.0000000000000228
http://doi.org/10.3390/jcm9072183
http://doi.org/10.1097/MD.0000000000006226
http://doi.org/10.1161/01.CIR.0000121424.76486.20
http://doi.org/10.1093/ehjqcco/qcaa046
http://doi.org/10.22514/sv.2021.098
http://doi.org/10.1016/j.puhe.2020.03.027
http://www.ncbi.nlm.nih.gov/pubmed/32344272
http://doi.org/10.3389/fpubh.2020.591900
http://www.ncbi.nlm.nih.gov/pubmed/33553091

	Introduction 
	Materials and Methods 
	Search Strategy 
	Inclusion and Exclusion Criteria 
	Data Extraction 
	Quality Assessment 
	Statistical Analysis 

	Results 
	Patients’ Profile 
	STEMI Presentation 
	STEMI Outcome 

	Discussion 
	Patients’ Profile 
	STEMI Presentation 
	STEMI Outcome 
	Limitations 

	Conclusions 
	References

