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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has been placing enormous pressure on
global healthcare systems. Considerable resource allocation to the treatment of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection, although fully inevitable, originated remarkable
constraints in the access of patients with other diseases — in fact, elective admissions and nonurgent
procedures or interventions were mostly canceled or deferred worldwide.

Another point of concern was the ability of overwhelmed health systems to continue providing
proper care to patients with non-COVID related urgent medical conditions, including those
presenting with acute myocardial infarction (AMI) [1]. Notwithstanding most care programs for the
management of ST-segment elevation myocardial infarction (STEMI) in Europe and United States
of America (US) remained fully operational during the pandemic peak, there was a general belief
of a significant reduction in the number of admitted patients. Many reports confirmed significant
delays and reduction in hospital admissions for AMI worldwide, with noticeable consequences on
outcomes.

Admissions for Myocardial Infarction

During the COVID-19 pandemic outbreak, a consistent decline in the number of admissions for
AMI and cardiac catheterization laboratory activations was observed, decreasing by up to 49% and
38%, respectively [2-5]. The relative number of patients referred for primary percutaneous coronary
intervention (PPCI) that ultimately received a diagnosis other than STEMI remained constant or was
even mildly decreased, validating a true decline in STEMI presentations [6,7]. Furthermore, Fabris
et al. reported a marked reduction in STEMI incidence in Italy, in a U-shaped curve phenomenon
with the lower admissions rate corresponding to the early phase of lockdown [8]. Patients’ fear of
getting infected while in hospital, amplified by numerous campaigns emphasizing the need for social
distancing and for staying at home, might have contributed.

Reperfusion Therapy in STEMI

Longer delays to reperfusion therapy were observed, although with significant regional differences
(Table 1). Wilson et al. reported more than a 3-fold increase in the number of STEMI patients
presenting late (>12 hours after the onset of symptoms) during the pandemic outbreak [6]. In Spain,
longer ischemic duration was mainly driven by a significant increase in time from symptoms to first
medical contact (71 vs. 105 minutes, p<0.001) [7]. In other countries, namely Portugal and Belgium,
door-to-balloon time was predominantly increased, perhaps related to logistical constraints [9,10].
These results are worrisome as total ischemic time is a major determinant of infarct size in STEMI and
prompt revascularization is the most effective intervention in reducing its morbidity and mortality
[11].

In addition, the specific patterns of reperfusion varied widely. Chinese authorities issued an
experts statement on the approach to STEMI patients, in which thrombolytic therapy became
recommended as the preferred reperfusion strategy in those with unconfirmed COVID-19 status
[12]. Accordingly, significant reduction in PPCI and higher risk for adverse in-hospital outcomes and
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Table 1: Treatment delays and reperfusion therapy strategies in patients admitted with STEMI during COVID-19 outbreak (compared to equivalent

periods of previous years). * Statistical significance at p-value of < 0.05.

Male sex

Symptoms to first
medical contact
(minutes)

Door-to-balloon
(minutes)

Fibrinolysis

Primary PCl

240 (120-570)vs. 360 49 (30-110) vs. 140

if b + . 65+ b - b
Freitas et al. [9] Portugal 49 62412 vs. 65+14  85%vs. 78% (120-600) (90-180)* 4% vs. 14%
Claeys et al. [10] Belgium 116 631+15vs. 63112 74% vs. 80% 114(50-240) vs. 138 39 (22-69) vs. 45 (30- 95% vs. 96% 2%vs. 2%

(67-331) 83)*
Scholz et al. [21] Germany 387 64 vs. 65 72%vs. 72% 16348 vs. 150114 51+1 vs. 5342 91% vs. 91% 0.8% vs. 0.8%
Rodriguez-Leor . 71 (30-180) vs. 105
etal. [7] Spain 1009 64113 vs. 63113  78%vs. 78% (45-222)*
De Rosa et al. [2] Italy 197 65+10vs. 67+10 75% vs. 80%* - Increased by 32%* 95% vs. 95% -
. United Late presentation: 10
Wilson et al. [6] Kingdom 388 65vs. 63 78 vs. 68% s, 38%* - - -
Fardman et al. 61 (54-70) vs. 130 (75-243) vs. 186 49 (27-75) vs. 56 (30- : :
[18] Israel 424 62 (55-71) 83% vs. 81% (97-732)* 118)*
. China, non- X . ORO0.76(95% Cl OR 1.66 (95%
N R . + . 63+ 3 ly rep : . *
Xiang etal. [12] Hubel province 10296 6313 vs.63+13  75%vs. 76% Timely reperfusion: 65% vs. 60% 0.71-0.81)* C11.50-1.74)*

Table 2: Outcomes in patients admitted for STEMI during the COVID-19 outbreak (compared to equivalent periods). * Statistical significance at

p-value of < 0.05.

Killip class IV at

Cardiac arrest at

Left ventricular Mechanical

In-hospital death

presentation admission ejection fraction complications
Freitas et al. [9] Portugal 6% vs. 18%* 9% vs. 13% 48+11 vs. 44114 - 4% vs. 14%
Claeys et al. [10] Belgium - 12%vs. 13% - - 7% vs. 6%
Scholz et al. [21] Germany 13%vs. 13% 10%vs. 11% - - 9% vs. 9%
Rodrfgue;;l].eor etal. Spain 7% vs. 7% 8% vs. 7% - 0.4% vs. 0.9% 5% vs. 7%*
De Rosa et al. [2] Italy - - - - 4% vs. 14%*
Wilson etal. [6]  United Kingdom - - 44 (42-56) vs. 47 (35-52) * - 11% vs. 15%
Fardman et al. [18] Israel 4% vs. 7%* - 45 (40-50) vs. 45 (38-51) 1% vs. 4%* 3%vs. 4%
Xiang etal. [12] China, non- - - - - 4vs. 5%*

Hubei province

mortality were noted in that country [12-14]. On the other hand, no
major changes in reperfusion strategy were observed across Europe
and the US, as PPCI remained the default treatment [3,15,16].

STEMI Outcomes during COVID-19 Pandemic

Several studies reported an increase in adverse events in patients
admitted for STEMI during the pandemic outbreak, including excess
of mortality (Table 2) [6,17]. There was a significant trend towards
increased STEMI severity at admission [9,18]. A great number of
patients presented in Killip-Kimball classes III and IV during the
lockdown, in relation to delays in reperfusion and longer ischemic
time duration, as mentioned above [9]. In fact, Cammalleri et al.
showed that patients arriving in March 2020 had higher cardiac
biomarkers at hospital admission, when comparing to similar 2019
cohort [19]. Furthermore, Fardman et al. reported a significant
increase of the incidence of STEMI mechanical complications (OR

4.09 [95% CI: 1.42-14.8], p=0.02) [18]. Accordingly, more patients

were discharged with severe left ventricular dysfunction and there
was a trend towards higher in-hospital mortality, even if data are
highly inconsistent between studies [6,9,17].

SARS-CoV-2 infection alone might help explain these findings,
as these patients had significantly higher mortality when compared
to other STEMI patients admitted during the same period [2,20].
In fact, differences in mortality between 2019 and 2020 became
attenuated when adjusting for confirmed COVID-19 diagnosis
[7]. However, in one study, STEMI fatality rate in 2020 remained
significantly higher even after excluding SARS-CoV-2 positive
patients [2]. A recent metanalysis including 50,123 patients suggests
that, on a more global scale, STEMI mortality during the pandemic
was not significantly increased [17]. Nonetheless, it remains possible
that the observation period was too short to detect significant
differences, and further studies with longer follow-up periods are
necessary to draw solid conclusions.
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These results underscore the enormous impact of time to
reperfusion on clinical outcomes. All efforts should be employed to
reduce total ischemic duration, even during a pandemic.

Conclusion

The COVID-19 pandemic poses significant challenges to
healthcare systems worldwide. Nevertheless, diagnosis and treatment
of heart diseases cannot be postponed, as they are closely linked to
morbidity and mortality. Patients must be informed in order to early
recognize AMI symptoms and seek medical assistance and healthcare
system must provide safe access to timely PPCI.

The impact of COVID-19 on STEMI management and
outcomes demands careful attention by scientific communities.
These results are the basis for the establishment of evidence-based
strategies in an event of a future pandemic outbreak.

Conflicts of Interest
No conflicts of interest to declare.

References

1. Ferreira J. Myocardial infarction in the COVID-19 pandemic-
Reperfusion therapy revisited. Revista Portuguesa De Cardiologia.
2021 Jul; 40(7): 473-474.

2. De Rosa S, Spaccarotella C, Basso C, Calabro MP, Curcio A, Filardi
PP, et al. Reduction of hospitalizations for myocardial infarction
in Italy in the COVID-19 era. European Heart Journal. 2020 Jun
7,41(22):2083-8.

3. Rodriguez-Leor O, Cid-Alvarez B, Ojeda S, Martin-Moreiras J,
Rumoroso JR, Lépez-Palop R, Serrador A, Cequier A, Romaguera
R, Cruz I. Impact of the COVID-19 pandemic on interventional
cardiology activity in Spain. REC Interventional Cardiology. 2020
Mar;2(2):82-9.

4. Garcia S, Albaghdadi MS, Meraj PM, Schmidt C, Garberich R, Jaffer
FA, et al. Reduction in ST-segment elevation cardiac catheterization
laboratory activations in the United States during COVID-19
pandemic. Journal of the American College of Cardiology. 2020 Jun
9;75(22):2871-2.

5. Mesnier J, Cottin Y, Coste P, Ferrari E, Schiele F, Lemesle G, et al.
Hospital admissions for acute myocardial infarction before and
after lockdown according to regional prevalence of COVID-19 and
patient profile in France: a registry study. The Lancet Public Health.
2020 Oct 1;5(10):e536-42.

6. Wilson SJ, Connolly MJ, Elghamry Z, Cosgrove C, Firoozi S, Lim P,
et al. Effect of the COVID-19 pandemic on ST-segment-elevation
myocardial infarction presentations and in-hospital outcomes.
Circulation: Cardiovascular Interventions. 2020 Jul;13(7):e009438.

7. Rodriguez-Leor O, Cid-Alvarez B, de Prado AP, Rossello X, Ojeda
S, Serrador A, et al. Impact of COVID-19 on ST-segment elevation
myocardial infarction care. The Spanish experience. Revista
Espanola de Cardiologia (English Edition). 2020 Dec 1;73(12):994-
1002.

8. FabrisE, BessiR, De Bellis A, Gregorio C, Peratoner A, Lardieri G, et al.
COVID-19 impact on ST-elevation myocardial infarction incidence
rate in a Italian STEMI network: a U-shaped curve phenomenon.
Journal of Cardiovascular Medicine. 2021 May 1;22(5):344-9.

9. Freitas AA, Baptista R, Gongalves V, Ferreira C, Milner J, Lourenco C,
et al. Impact of SARS-CoV-2 pandemic on ST-elevation myocardial
infarction admissions and outcomes in a Portuguese primary
percutaneous coronary intervention center: Preliminary Data.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Revista Portuguesa de Cardiologia. 2021 Jul; 40(7): 465-471.

Claeys MJ, Argacha JF, Collart P, Carlier M, Van Caenegem O, Sinnaeve
PR, 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 cardiologica. 2020 Jul
29:1-7.

Simes RJ, Topol EJ, Holmes Jr DR, White HD, Rutsch WR, Vahanian
A, et al. Link between the angiographic substudy and mortality
outcomes in a large randomized trial of myocardial reperfusion:
importance of early and complete infarct artery reperfusion.
Circulation. 1995 Apr 1;91(7):1923-8.

Xiang D, Xiang X, Zhang W, Yi S, Zhang J, Gu X, et al. Management
and outcomes of patients with STEMI during the COVID-19
pandemic in China. Journal of the American College of Cardiology.
2020 Sep 15;76(11):1318-24.

Song C, Liu S, Yin D, Wang Y, Zhao Y, Yang W, et al. Impact of
public health emergency response to COVID-19 on management
and outcome for STEMI patients in Beijing—a Single-Center
Historic Control Study. Current Problems in Cardiology. 2021 Mar
1;46(3):100693.

Tam CC, Cheung KS, Lam S, Wong A, Yung A, Sze M, et al.
Impact of coronavirus disease 2019 (COVID-19) outbreak on ST-
segment-elevation myocardial infarction care in Hong Kong,
China. Circulation: Cardiovascular Quality and Outcomes. 2020
Apr;13(4):e006631.

Mahmud E, Dauerman HL, Welt FG, Messenger JC, Rao SV, Grines
C, et al. Management of acute myocardial infarction during the
COVID-19 pandemic: a position statement from the Society
for Cardiovascular Angiography and Interventions (SCAI), the
American College of Cardiology (ACC), and the American College
of Emergency Physicians (ACEP). Journal of the American College
of Cardiology. 2020 Sep 15;76(11):1375-84.

Romaguera R, Cruz-Gonzdlez |, Ojeda S, Jiménez-Candil J,
Calvo D, Seara JG, et al. Gestion de las salas de procedimientos
invasivos cardiolégicos durante el brote de coronavirus COVID-19.
Documento de consenso de la Asociacion de Cardiologia
Intervencionista y la Asociaciéon del Ritmo Cardiaco de la Sociedad
Espanola de Cardiologia. REC Interv Cardiol. 2020;2:106-11.

Rattka M, Dreyhaupt J, Winsauer C, Stuhler L, Baumhardt M,
Thiessen K, et al. Effect of the COVID-19 pandemic on mortality of
patients with STEMI: a systematic review and meta-analysis. Heart.
2021 Mar 1;107(6):482-7.

Fardman A, Zahger D, Orvin K, Oren D, Kofman N, Mohsen J, et al.
Acute myocardial infarction in the Covid-19 era: Incidence, clinical
characteristics and in-hospital outcomes—A multicenter registry.
Plos One. 2021 Jun 18;16(6):e0253524.

Cammalleri V, Muscoli S, Benedetto D, Stifano G, Macrini M,
Di Landro A, et al. Who Has Seen Patients With ST-Segment-
Elevation Myocardial Infarction? First Results From lItalian Real-
World Coronavirus Disease 2019. Journal of the American Heart
Association. 2020 Oct 6;9(19):e017126.

Hammad TA, Parikh M, Tashtish N, Lowry CM, Gorbey D,
Forouzandeh F, et al. Impact of COVID-19 pandemic on ST-elevation
myocardial infarction in a non-COVID-19 epicenter. Catheterization
and Cardiovascular Interventions. 2021 Feb 1;97(2):208-14.

Scholz KH, Lengenfelder B, Thilo C, Jeron A, Stefanow S, Janssens U,
Bauersachs J, Schulze PC, Winter KD, Schroder J, Vom Dahl J. Impact
of COVID-19 outbreak on regional STEMI care in Germany. Clinical
Research in Cardiology. 2020 Dec;109(12):1511-21.

Int J Cardiol Cardiovasc Dis 2021; 1(3):83-85.

85



