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Abstract

Background: Coronavirus disease 2019 (COVID-19) had a major impact on healthcare systems worldwide. During the early phase of the
pandemic many elective procedures were postponed. At the same time, the safe and effective management of medical emergencies such
as ST-segment elevation myocardial infarction (STEMI) has been a challenge. Methods: A systematic literature search was conducted
aiming to identify published guidance reports by national or international societies regarding themanagement of patients suffering STEMI
in the era of COVID-19. Results: Among 1681 articles initially retrieved, six fulfilled the inclusion criteria and were included in the
systematic review. Two reports were international consensus documents, while four reports were national guidance statements from
Asian countries (Taiwan, India, Iran, and China). Most documents were drafted during the early phase of the pandemic. According
to the international consensus documents, percutaneous coronary intervention (PCI) should be regarded as the reperfusion method of
choice. On the other hand, in three out of four national consensus statements (Taiwan, Iran and China) fibrinolysis was considered as
the reperfusion method of choice for STEMI in suspected/confirmed patients with COVID-19, unless contraindicated or in the presence
of high cardiovascular risk clinical features. Authors of all documents underlined the need for early COVID-19 testing in patients with
STEMI to better determine the next therapeutical steps. Conclusions: National and international consensus statements for STEMI
management in the era of COVID-19 have been published mainly during the early peak phase of the pandemic. Authors recognise that
these recommendations are mainly based on expert opinions and observational data. As global immunization rates increase and methods
for rapid COVID-19 detection are widely available, the implementation of traditional evidence-based practices used before the pandemic
is becoming more feasible.
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1. Introduction
Since its outbreak, coronavirus disease 2019 (COVID-

19) had a major impact on healthcare systems and practices
[1]. Resource-saving strategies and patients’/physicians’
concerns on COVID-19 transmission led many appoint-
ments for chronic issues and elective procedures to be post-
poned [1]. Great concerns have been raised for the proper
function of the emergency departments, as resources were
saved for COVID-19, while at the same time non-COVID-
19 related emergencies could not be neglected [2].

Myocardial infarction (MI), in particular ST-segment
elevation myocardial infarction (STEMI) admissions for
percutaneous coronary intervention (PCI), have declined
during the pandemic [3–5]. This trend though should be
interpreted with caution as it cannot be necessarily trans-
lated to absolute decrease of STEMI cases, but perhaps im-
plies a delayed or hesitant admission of STEMI patients due
to fear of COVID-19 transmission, with a subsequent in-

crease of out-of-hospital cardiac arrest events [6]. Interest-
ingly, STEMI cases presented a significant delay to hospital
admission and management (symptom-to-call and call-to-
balloon times) as well as higher troponin levels and worse
prognosis compared to STEMI cases before the pandemic
[7–9].

The need to balance exposure risks and patients’
benefits has been highlighted by many medical societies
(mainly national) which have suggested fibrinolysis to a
more prominent point of the STEMI reperfusion manage-
ment algorithm; however, this strategy was not univer-
sally adopted, especially by international medical societies
[10,11]. This study aimed to systematically review the lit-
erature to identify published guidance reports by national
or international societies on STEMI management in the era
of COVID-19.
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2. Materials and Methods
2.1 Search Strategy

A systematic PubMed search was conducted in line
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) recommendations indepen-
dently by two investigators (KGK and IGK) [12]. Literature
search was conducted using the algorithm (“coronavirus
2019”OR “2019-nCoV”OR“SARS-CoV-2”OR “COVID-
19” OR COVID) AND (STEMI OR “ST-elevation” OR “ST
elevation” OR “ST-segment” OR “ST segment” OR “my-
ocardial infarction”) until August 8, 2022. Articles were
also selected from references of relevant articles and by
hand search. Disagreements were resolved by consensus
with a senior author (AK).

2.2 Selection of Studies
Eligible studies were full-text articles in English that

included consensus/guidance/guidelines reports or posi-
tion statements/recommendations by national or interna-
tional societies on the management of STEMI in the era of
COVID-19. Guidelines, recommended management strate-
gies and algorithms derived by single centers, dedicated
hospitals or opinions by experts were not deemed to be eli-
gible for inclusion.

2.3 Data Extraction
Data concerning the origin of studies and the main

recommendations and strategies regarding STEMImanage-
ment in the era of COVID-19 pandemic were extracted, tab-
ulated and reviewed by all authors.

3. Results
Among 1681 articles initially retrieved, six fulfilled

the inclusion criteria and were included in the systematic
review [13–18]. Search strategy and flowchart for the se-
lection of studies are presented in Fig. 1. Two studies
were international consensus documents [13,14], while the
rest four studies were national guidance reports from Asian
countries: Taiwan [15], India [16], Iran [17], and China
[18]. In Table 1 (Ref. [13–18]) the main principles of
STEMI management according to each society’s guideline
document are described. In Fig. 2 a graphical visual sum-
mary of the present systematic review is available.

3.1 International Guidance Documents
3.1.1 European Society of Cardiology (ESC)

ESC guidance recommendations were primarily ac-
cessible through an online website source (currently un-
available) receiving regular updates as evidence was ac-
cumulated during the course of the pandemic [19]. A de-
tailed “Change history log” was found in this website, de-
scribing, and explaining all changes and steps that led to
final document since its first draft. In June 2020, the Eu-
ropean Association of Percutaneous Cardiovascular Inter-
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Fig. 1. Flowchart for study selection process of included stud-
ies.
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Fig. 2. Visual summary of the present systematic review.

ventions (EAPCI) published a Position Paper regarding the
invasive management of acute coronary syndromes in the
era of COVID-19 [20]. However, the two most recent ESC
consensus documents were published in March and June
2022, respectively. The first document deals with the epi-
demiology, pathophysiology, and diagnosis of cardiovascu-
lar diseases during COVID-19 pandemic [21], whereas the
second document deals with care pathways, treatment, and
follow-up of patients [13].
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Table 1. Current guidelines for STEMI management in suspected/confirmed COVID-19 patients.

Society
Indications

PCI Fibrinolysis

International
societies

European Society of Cardiology
[13]

Within 180minutes from STEMI diagnosis
(preferable time limit of 120 minutes + ac-
cepted delay of 60 minutes) and performed
in facilities approved for the treatment of
COVID-19 patients in a safe manner for
healthcare providers and other patients

If primary PCI is not available within 180
minutes from STEMI diagnosis

Society for Cardiovascular
Angiography and Interventions
(SCAI), American College of
Cardiology (ACC), and the
American College of Emer-
gency Physicians (ACEP) [14]

Within 120 minutes from first medical con-
tact in non-PCI capable hospitals and 90
minutes for patients presenting to a primary
PCI center

If primary PCI is not available within 120
minutes from first medical contact in non-
PCI capable hospitals, consider pre-transfer
(to primary PCI-capable hospital) fibrinoly-
sis based on clinical status, transfer delays,
team-specific details

National soc-
ieties

Taiwan Society of Cardiology
[15]

If fibrinolysis contraindication or failure Treatment of choice

Cardiological Society of India
[16]

Treatment of choice (preferred also in
case of delayed presentation >12 h and
mild/moderate pneumonia)

If timely (<12 from symptom onset) primary
PCI is not available. Also preferred in small
towns and villages

Iranian “247” National Com-
mittee [17]

Treatment of choice in (i) non-critical
illness/pneumonia, (ii) fibrinolysis con-
traindication or failure, (iii) high risk fea-
tures present (hemodynamic instability, in-
tractable arrhythmias, anterior ormore than
one territory MI), (iv) if primary PCI capa-
ble center with PPE is available

Treatment of choice in (i) non-critical ill-
ness/pneumonia, (ii) if not contraindicated,
(iii) high risk features not present (hemo-
dynamic instability, intractable arrhythmias,
anterior or more than one territory MI), (iv)
if primary PCI capable center with PPE is not
available

Chinese Society of Cardiology
[18]

If fibrinolysis contraindication or failure Treatment of choice within 12 h from symp-
tom onset

COVID-19, coronavirus disease 2019; MI, myocardial infarction; PCI, percutaneous coronary intervention; PPE, personal protective equip-
ment; STEMI, ST-segment elevation myocardial infarction.

In all documents produced by ESC, it is strongly em-
phasized that all STEMI patients should be initially man-
aged as if they were COVID-19 positive. Subsequently, all
patients should be tested for COVID-19 as soon as possi-
ble. Reperfusion therapy within 120 minutes from STEMI
diagnosis remains the cornerstone for STEMImanagement.
Primary PCI is the preferred reperfusion method, as long
as COVID-19 dedicated, and equipped facilities that can
assure safety of medical personnel and other patients are
available. Further delay of 60 minutes is accepted, given
unavoidable delays during the pandemic, e.g., use of per-
sonal protective equipment (PPE). If the target of 180 min-
utes cannot be reached and fibrinolysis is not contraindi-
cated, then fibrinolysis should be the alternative option.

3.1.2 Society for Cardiovascular Angiography and
Interventions (SCAI), American College of Cardiology
(ACC), and the American College of Emergency
Physicians (ACEP)

This consensus statement endorsed by three highly
prestigious medical societies was published in 2020 si-

multaneously in two different recognized medical jour-
nals (Journal of the American College of Cardiology and
Catheterization and Cardiovascular Interventions) [14].
Similar to the ESC report, all patients presenting with
STEMI should be initially considered as COVID-19 pos-
itive. Testing for COVID-19 (ultra-rapid assays if possi-
ble) should be conducted as soon as possible. The basic
approach of this consensus depends on whether the patient
is presented to a primary PCI Center or not. In the first case,
primary PCI is the standard of carewithin 90minutes of first
medical contact, as long as appropriate PPE and resources
are available. Otherwise, fibrinolysis should be considered.
In case of a patient presenting in a non-primary PCI Cen-
ter, transfer and primary PCI is the standard of care within
120 minutes of first medical contact, otherwise fibrinoly-
sis should be considered. Transfer to a primary PCI center
following initial fibrinolysis has been the standard of care
in pre-COVID-19 era and should also be considered during
the pandemic [22].
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3.2 National Guidance Documents
3.2.1 Taiwan Society of Cardiology

In their consensus report, physicians of the Taiwan
Society of Cardiology recognize primary PCI as the major
and most important reperfusion strategy for STEMI [15].
However, in the era of COVID-19 and based on prelimi-
nary studies derived mainly from China, they do also rec-
ognize that optimal door-to-device time cannot be prop-
erly achieved for suspected/confirmed COVID-19 patients.
Pandemic related delays are inevitably increased and most
of the times beyond the acceptable therapeutic time win-
dow. As a result, fibrinolysis is the first step of their algo-
rithm for STEMI management. PCI is considered either in
case of fibrinolysis contraindications or failure. This doc-
ument focuses only on suspected or confirmed COVID-19
patients (based on symptoms or history of close contact with
confirmed COVID-19 patient) presenting with STEMI. For
suspected cases, testing to rule out COVID-19 should be
performed as soon as possible.

3.2.2 Cardiological Society of India
The recommendations of Cardiological Society of In-

dia highlight the need to categorize patients presenting with
STEMI in 3 groups according to the possibility of suffering
COVID-19 [16]. Group A: confirmed cases of COVID-19
with a positive test result, Group B: suspected COVID-19
cases (based on symptoms and history of travel or contact
with a definite COVID-19 patient), and Group C: low risk
for COVID-19 or COVID-19 negative patients. Due to the
shortage of diagnostic tools, Groups A and B should be bet-
ter grouped as one Group (suspected or confirmed COVID-
19 cases) and managed in the same way. For COVID-
19 negative or low risk STEMI patients (Group C), treat-
ment following pre-pandemic recommendations is reason-
able. For suspected/confirmed COVID-19 cases primary
PCI is the preferred method of reperfusion if feasible. PCI
is also preferred in case of delayed presentation (>12 h)
or in case of fibrinolysis failure. Fibrinolysis is considered
as first step if timely primary PCI is not feasible, e.g., in
STEMI cases in small towns and villages.

3.2.3 Iranian “247” National Committee
The Iranian “247” National Committee has adopted a

more complex algorithm for the management of STEMI in
the era of COVID-19 [17]. Considering the low diagnos-
tic value and performance of current diagnostic tools for
COVID-19, patients are either definite or indefinite cases,
still without reporting certain criteria for this grouping strat-
egy. For all cases, when PCI is preferred, PPE should be ap-
plied, given the high transmission rate of the virus, the pos-
sibility of transmission by asymptomatic patients and the
failure of current diagnostic tools to safely and adequately
diagnose or exclude COVID-19 infection. The authors of
these guidance report also grouping of patients depending
on the hours after chest pain onset upon presentation to

emergency department (≤12 h or >12 h). Fibrinolysis is
the main reperfusion strategy for patients admitted in less
than 12 h after chest pain onset, unless they are critically ill
and high-risk features of MI are present. PCI is preferred in
non-critically ill patients, if fibrinolysis is contraindicated
or failed, when high-risk features of MI are present and
when a primary PCI capable center with PPE is available.

3.2.4 Chinese Society of Cardiology
The Chinese Society of Cardiology was the first soci-

ety to publish consensus guidance report regarding STEMI
management (and cardiovascular emergencies in general)
during the pandemic [18]. According to the Chinese Soci-
ety of Cardiology consensus document, a simple algorithm
is suggested. Emphasis is initially given in timely testing,
aiming to rule-out COVID-19 in suspected/possible cases.
Fibrinolysis is the preferred method of reperfusion for sus-
pected/confirmed COVID-19 patients presenting within 12
h from symptoms onset. PCI is indicated only in case of
fibrinolysis contraindication or failure.

4. Discussion
The aim of the present systematic review was to sys-

tematically review the literature to identify published guid-
ance reports, recommendations, and consensus statements
by national or international societies on the management of
STEMI patients in the era of COVID-19 pandemic. Six
documents were identified and included in the systematic
review, among which two were published by international
societies [13,14] and four by the national societies of Tai-
wan [15], India [16], Iran [17], and China [18].

COVID-19 infection had amajor impact on healthcare
systems and practices [1,2]. Measures were globally ap-
plied to save resources and minimize infection transmission
among patients and healthcare professionals. Most elec-
tive procedures were postponed and questions concerning
the proper management of acute health urgent and emer-
gent situations, related or not to COVID-19 infection were
raised. In this context, new guidance reports sharing current
experience and guiding professionals on how to act during
the pandemic were necessary. Several hospitals and experts
shared their primitive experience and suggested manage-
ment pathways before national or international documents
were available [10,23–26]. Moreover, many countries pro-
duced their own national documents applied to their health
systems. These reports were not drafted in the English lan-
guage, rendering their universal applicability problematic
[27,28].

Numerous reports commented on STEMI admissions
decline during the pandemic, either in COVID-19 positive
or negative patients [4,7,29–31]. Whether this is a true de-
cline remains a source of debate. During the pandemic and
quarantine period, many factors could attribute to a true de-
crease of acute events. Less air pollution, better nutritional
habits, less smoking or other lifestyle modifications such
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as more exercise could certainly play an important, bene-
ficial and protective role [29]. However, most researchers
agree that STEMI cases decrease (STEMI incidence has de-
clined by 30–70% in the Unites States of America and Italy
during the early phase of the pandemic [29]) is mainly at-
tributed to decreased reporting or fewer admissions possi-
bly due to patients’ fear of COVID-19 transmission [29]
(Fig. 3). An interesting point to discuss is that although
admissions for STEMI seemed to decrease, STEMI cases
presented with worse clinical manifestations and outcomes
[7–9,32]. This could be attributed to delayed patients’ ad-
mission (possibly due to the fear of transmission) [7,8] or to
virus-related pathophysiological pathways (inflammation,
prothrombotic condition [33]), leading to more severe dis-
ease (large coronary thrombus burden has been noted in
most COVID-19 patients suffering STEMI [34]).

Truly declined
Not truly declined 

(less reported/admitted)

• Reduced Pollution
• Healthier Nutrition
• Avoidance of smoking
• Other lifestyle changes

(eg more exercise)

• Patients afraid of transmission
may not go to hospital

• Increased number of patients
dying at home

STEMI admissions
decline

Fig. 3. Possiblemechanisms and reasons of STEMI admissions
decrease during COVID-19 pandemic.

COVID-19 infection represents a prothrombotic con-
dition affecting both the venous and arterial system [35–
39]. The etiology of this phenomenon is multifac-
torial and is possibly related to excessive inflamma-
tion/cytokine storm, endothelial injury/dysfunction and
subsequent platelet activation [33]. More specifically, dur-
ing the inflammatory process, various prothrombotic me-
diators such as von Willebrand Factor (vWF) are released
from the dysfunctional endothelial cells that appear to play
an important role in the establishment of COVID-19 asso-
ciated coagulopathy [40]. This observation has potentially
important implications in terms of pathogenic link and ther-
apeutic interventions [41], since frequently used drugs in

both STEMI and COVID-19 patients (such as statins and
heparins) have been shown to regulate the levels and activ-
ity of vWF [35,41,42].

The first national guidance report on STEMI manage-
ment was produced by the Chinese Society of Cardiology
[18] that accumulated most of the evidence and experience
of the first months of the pandemic. This report was the
first to highlight fibrinolysis as the initial STEMI treatment
in confirmed or suspected COVID-19 patients. PCI would
only be recommended in case of fibrinolysis contraindica-
tion or failure. This approach aimed to reduce healthcare
professionals’ exposure risk, save PPEs and implement a
reperfusion treatment timely without delays for COVID-19
status confirmation. Succeeding reports included the ex-
pression of various and different opinions [13–17]. Most
reports stressed out the imperative need to test each STEMI
patient for COVID-19 as soon as possible after first med-
ical contact. This could help non-COVID-19 patients to
be properly treated based on the already established and
widely accepted guidelines. SCAI/ACC/ACEP joint report,
suggested and enhanced the use of ultra-rapid testing kits
when available. Interestingly, the Iranian “247” National
Committee report, emphasized the need for PPEs to be ap-
plied irrespective of the test result, since diagnostic tools
for COVID-19 are not yet validated, and their diagnostic
performance remains questionable.

Most guidance documents were produced early after
the pandemic outbreak. ESC guidance document has been
the most recently updated document but without major dif-
ferences compared to its early version [13]. Most authors
recognized that their documents should not be regarded as
strict guidelines as long as they are not completely and ad-
equately evidence-based [17]. Randomized controlled tri-
als comparing fibrinolysis vs PCI as the preferred reperfu-
sion strategy in the era of COVID-19 were not available.
Subsequently, expert opinions based on clinical daily prac-
tice, practical feasibility and common sense were mainly
expressed. Given the significant increase in mortality ob-
served when PCI is not timely delivered, fibrinolysis has
been regarded as a potential first step in STEMI therapeu-
tic algorithm since the guideline-recommended time goals
were difficult to achieve. Randomized trials to compare
fibrinolysis vs PCI have not been conducted so far. Ob-
servational data are also scarce and with inconsistent find-
ings, mainly derived from China during the early phase of
the pandemic [43–45]. The implementation of fibrinoly-
sis led to more timely medical interventions [44], but this
was not necessarily translated to better clinical outcomes
[43]. It appears that a “fibrinolysis-first strategy” has been
implemented globally only in a minority of healthcare cen-
ters [46,47], and thus the overall impact of this practice has
been probably minor [7,46]. This could reflect the indis-
putable role of PCI as the reperfusion method of choice,
but also the contribution of the global immunization (either
after vaccination or infection) and the development of lab-
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oratory methodologies for rapid virus detection [48]. These
factors played a very important role and helped the medical
community to approach and re-adopt evidence-based prac-
tices traditionally implemented before the pandemic [48].
The successful implementation of traditional practices was
nicely demonstrated in the study by Ferlini et al. [49],
where the authors showed that during the second wave of
the pandemic in Lombardy, Italy, both COVID-19 and non-
COVID-19 STEMI patients received PCI with acceptable
time delays.

Another interesting point to consider, is that societies
which were in favour of fibrinolysis have been derived
mainly from lower income countries with potentially more
fragile medical systems [15,17], or medical systems that
faced an enormous COVID-19 burden without time for nec-
essary preparations [18]. International guidelines, on the
other hand, were mainly drafted by physicians based on
higher income countries with possibly more developed and
prepared healthcare systems and adhered to traditional prac-
tices in favour of PCI [13,14]. Guidelines fromTaiwan have
put fibrinolysis as the first step of reperfusion treatment
[15]. In contrast, SCAI/ACC/ACEP recognise primary PCI
as the first option in STEMI patients as soon as delays do not
exceed a certain time window and comment on strategies
adopted in China [14]: “While fibrinolysis first as a ther-
apeutic strategy has been proposed for COVID-19 STEMI
patients based on the experience from Sichuan hospital in
China, this might be more applicable in regions with limited
primary PCI centers. In the United States, we propose that
an initial fibrinolysis therapy be used in non-PCI capable
hospitals if the first medical contact to reperfusion is felt
to be >120 minutes”. These differences probably reflect
the current daily experience and the amount of resources
of each country by the time these recommendations were
published.

The management of non-STEMI (NSTEMI) is also
briefly discussed in most guidance reports [13–16,18].
Most of the researchers agree that in case of very high car-
diovascular risk, the STEMI algorithm should be followed.
In all other cases, it is highly recommended to confirm
NSTEMI diagnosis and to clarify COVID-19 status as soon
as possible. NSTEMI diagnosis should be confirmed, as
troponin elevationmay occur in COVID-19 infection due to
various mechanisms which are not fully understood or jus-
tified and may not imply atherosclerotic plaque rapture and
true acute coronary syndrome (e.g., myocarditis, stress car-
diomyopathy, coronary spasm, left ventricular strain, right
heart failure, or Type II acute MI due to severe illness)
[14,50]. NSTEMI confirmation is suggested through more
specific imaging tests such as coronary computed tomog-
raphy angiography [13–15]. COVID-19 status clarification
before any intervention is important and most of the times
feasible, since NSTEMI usually allows such a justified de-
lay, so that the patient receives optimal treatment according
to established guidance protocols. Emphasis is given for

both STEMI and NSTEMI patients, always to be carefully
assessed in terms of overall clinical condition and prog-
nosis. Patients with critical illness (e.g., severe pneumo-
nia, adult respiratory distress syndrome or intubation due
to COVID-19) may not benefit from reperfusion interven-
tions and may be preferably treated with palliative optimal
medical treatment [14].

The management of STEMI patients during the pan-
demic offered some valuable lessons to the medical soci-
ety. Nearly 3 years after the onset of the pandemic, these
lessons can still be useful andmeaningful for physicians, es-
pecially in low-income countries with low vaccination cov-
erage and/or poor healthcare system organization and dur-
ing epidemic flares. Personalized and individual patient-
tailored treatment decisions should be implemented, es-
pecially under unexpected circumstances. Medical staff
should be able to optimally implement strategies that are
less frequently used but are necessary in certain occasions.
Finally, research regarding the feasibility and usefulness of
novel strategies such as telemedicine [51], robotic assisted
PCI [4] or PCI in prone position [52] will ensure the effec-
tive and successful management of patients during future
healthcare challenges.

5. Conclusions
STEMImanagement in the era of COVID-19 has been

a challenge for healthcare systems and professionals espe-
cially during the early and/or peak phases of the pandemic.
Global immunization and access to rapid detection of the
virus have played an important role so that traditional prac-
tices return into daily practice. Future observations will be
needed to confirm the true incidence of STEMI in the era
of COVID-19 and explain the possibly pandemic-related
worse prognosis either in COVID-19 or non-COVID-19
STEMI patients. Most importantly, lessons learned dur-
ing the COVID-19 pandemic will be a precious legacy for
healthcare challenges that may emerge in the future.

Abbreviations
ACC, American College of Cardiology; ACEP,

American College of Emergency Physicians; COVID-19,
Coronavirus disease 2019; EAPCI, European Association
of Percutaneous Cardiovascular Interventions; ESC, Eu-
ropean Society of Cardiology; MI, Myocardial infarction;
NSTEMI, Non-ST-segment elevation myocardial infarc-
tion; PCI, Percutaneous coronary intervention; PPE, Per-
sonal protective equipment; PRISMA, Preferred Reporting
Items for Systematic Reviews and Meta-Analyse; SCAI,
Society for Cardiovascular Angiography and Interventions;
STEMI, ST-segment elevation myocardial infarction; vWF,
von Willebrand Factor.

6

https://www.imrpress.com


Author Contributions
KGK designed the research study; KGK, IPT and AK

performed the systematic review literature search; IGK,
DTP, NGP, EF and EK participated in the interpreta-
tion of data; IGK, IPT, NGP and EF participated in the
design of figures; KGK drafted the first version of the
manuscript; IGK, DTP and AK substantively revised the
manuscript. All authors contributed to editorial changes
in the manuscript. All authors read and approved the final
manuscript.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Wewould like to express our gratitude to all those who

helped us during the writing of this manuscript. We would
also like to kindly thank all the peer reviewers for their opin-
ions and suggestions.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

Supplementary Material
Supplementary material associated with this article

can be found, in the online version, at https://doi.org/10.
31083/j.rcm2402054.

References
[1] Verhoeven V, Tsakitzidis G, Philips H, Van Royen P. Impact of

the COVID-19 pandemic on the core functions of primary care:
will the cure be worse than the disease? A qualitative interview
study in Flemish GPs. BMJ Open. 2020; 10: e039674.

[2] Mitchell R, Banks C. Emergency departments and the COVID-
19 pandemic: making the most of limited resources. Emergency
Medicine Journal. 2020; 37: 258–259.

[3] Abdi S, Salarifar M, Mortazavi SH, Sadeghipour P, Geraiely B.
COVID-19 sends STEMI to quarantine!? Clinical Research in
Cardiology. 2020; 109: 1567–1568.

[4] Vlachakis PK, Tentolouris A, Kanakakis I. Concerns for man-
agement of STEMI patients in the COVID-19 era: a paradox
phenomenon. Journal of Thrombosis and Thrombolysis. 2020;
50: 809–813.

[5] Tsioufis K, Chrysohoou C, Kariori M, Leontsinis I, Dalakouras
I, Papanikolaou A, et al. The mystery of “missing” visits in an
emergency cardiology department, in the era of COVID-19.; a
time-series analysis in a tertiary Greek General Hospital. Clini-
cal Research in Cardiology. 2020; 109: 1483–1489.

[6] Marijon E, Karam N, Jost D, Perrot D, Frattini B, Derkenne C,
et al. Out-of-hospital cardiac arrest during the COVID-19 pan-
demic in Paris, France: a population-based, observational study.
The Lancet Public Health. 2020; 5: e437–e443.

[7] Perera S, Rathore S, Shannon J, Clarkson P, Faircloth M, Achan
V. Effect of the COVID-19 pandemic on ST-elevation myocar-
dial infarction presentation and survival. The British Journal of
Cardiology. 2022; 29: 4.

[8] Oh S, Jeong MH, Cho KH, Kim MC, Sim DS, Hong YJ, et al.
Treatment delay and outcomes of ST-segment elevation myocar-
dial infarction treated by primary percutaneous coronary inter-
vention during the COVID-19 era in South Korea. The Korean
Journal of Internal Medicine. 2022; 37: 786–799.

[9] Rattka M, Stuhler L, Winsauer C, Dreyhaupt J, Thiessen K,
Baumhardt M, et al. Outcomes of Patients With ST-Segment
Elevation Myocardial Infarction Admitted During COVID-
19 Pandemic Lockdown in Germany - Results of a Single
Center Prospective Cohort Study. Frontiers in Cardiovascular
Medicine. 2021; 8: 638954.

[10] Daniels MJ, Cohen MG, Bavry AA, Kumbhani DJ. Reperfusion
of ST-Segment-Elevation Myocardial Infarction in the COVID-
19 Era: Business as Usual? Circulation. 2020; 141: 1948–1950.

[11] Sudhakar D, Jneid H, Lakkis N, Kayani WT. Primary Percuta-
neous Coronary Intervention or Fibrinolytic Therapy in COVID
19 Patients Presenting with ST-Segment Elevation Myocardial
Infarction. The American Journal of Cardiology. 2020; 134:
158.

[12] Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BritishMedical Jour-
nal. 2021; 372: n71.

[13] Task Force for the management of COVID-19 of the European
Society of Cardiology. ESC guidance for the diagnosis and man-
agement of cardiovascular disease during the COVID-19 pan-
demic: part 2-care pathways, treatment, and follow-up. Cardio-
vascular Research. 2022; 118: 1618–1666.

[14] Mahmud E, Dauerman HL, Welt FGP, 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; 76: 1375–1384.

[15] Li Y, Wang M, Huang W, Hwang J. Management of acute coro-
nary syndrome in patients with suspected or confirmed coron-
avirus disease 2019: Consensus from Taiwan Society of Cardi-
ology. Journal of the FormosanMedical Association. 2021; 120:
78–82.

[16] Kerkar PG, Naik N, Alexander T, Bahl VK, Chakraborty RN,
Chatterjee SS, et al. Cardiological Society of India: Document
on acute MI care during COVID-19. Indian Heart Journal. 2020;
72: 70–74.

[17] Sadeghipour P, Talasaz AH, Eslami V, Geraiely B, Vojdan-
parast M, Sedaghat M, et al. Management of ST-segment-
elevation myocardial infarction during the coronavirus disease
2019 (COVID-19) outbreak: Iranian“247” National Commit-
tee’s position paper on primary percutaneous coronary interven-
tion. Catheterization and Cardiovascular Interventions. 2021;
97: E346–E351.

[18] Han Y. A treatment strategy for acute myocardial infarction and
personal protection for medical staff during the COVID-19 epi-
demic: the Chinese experience. European Heart Journal. 2020;
41: 2148–2149.

[19] COVID-19 and Cardiology. 2020. Available at: https://www.es
cardio.org/Education/COVID-19-and-Cardiology/ (Accessed:
8 August 2022).

[20] Chieffo A, Stefanini GG, Price S, Barbato E, Tarantini G, Karam
N, et al. EAPCI Position Statement on Invasive Management
of Acute Coronary Syndromes during the COVID-19 pandemic.
EuroIntervention. 2020; 16: 233–246.

[21] Task Force for the management of COVID-19 of the Euro-
pean Society of Cardiology, Baigent C, Windecker S, An-
dreini D, Arbelo E, Barbato E, et al. European Society of Car-

7

https://doi.org/10.31083/j.rcm2402054
https://doi.org/10.31083/j.rcm2402054
https://www.escardio.org/Education/COVID-19-and-Cardiology/
https://www.escardio.org/Education/COVID-19-and-Cardiology/
https://www.imrpress.com


diology guidance for the diagnosis and management of car-
diovascular disease during the COVID-19 pandemic: part 1-
epidemiology, pathophysiology, and diagnosis. Cardiovascular
Research. 2022; 118: 1385–1412.

[22] Engel Gonzalez P, Omar W, Patel KV, de Lemos JA, Bavry AA,
Koshy TP, et al. Fibrinolytic Strategy for ST-Segment-Elevation
Myocardial Infarction: A Contemporary Review in Context of
the COVID-19 Pandemic. Circulation: Cardiovascular Interven-
tions. 2020; 13: e009622.

[23] Zeng J, Huang J, Pan L. How to balance acute myocardial in-
farction and COVID-19: the protocols from Sichuan Provincial
People’s Hospital. Intensive Care Medicine. 2020; 46: 1111–
1113.

[24] Jing Z, ZhuH, YanX, ChaiW, Zhang S. Recommendations from
the Peking UnionMedical College Hospital for the management
of acute myocardial infarction during the COVID-19 outbreak.
European Heart Journal. 2020; 41: 1791–1794.

[25] Ranard LS, Ahmad Y, Masoumi A, Chuich T, Romney MS,
Gavin N, et al. Clinical Pathway for Management of Suspected
or Positive Novel Coronavirus-19 Patients with ST-Segment El-
evation Myocardial Infarction. Critical Pathways in Cardiology.
2020; 19: 49–54.

[26] Szerlip M, Anwaruddin S, Aronow HD, Cohen MG, Daniels
MJ, Dehghani P, et al. Considerations for cardiac catheteriza-
tion laboratory procedures during the COVID-19 pandemic per-
spectives from the Society for Cardiovascular Angiography and
Interventions Emerging Leader Mentorship (SCAI ELM) Mem-
bers and Graduates. Catheterization and Cardiovascular Inter-
ventions. 2020; 96: 586–597.

[27] COVID-19, Cardiovascular system and major cardiovas-
cular diseases. Thesis of Hellenic Society of Cardiology
on clinical and para-clinical tests concerning patients with
confirmed or suspected COVID-19. 2020. Available at:
https://www.hcs.gr/giatroi/covid-19-kardiangeiako-systima
-kai-meizona-kardiangeiaka-nosimata/ (Accessed: 8 August
2022).

[28] Bu J, Chen M, Cheng X, Dong Y, Fang W, Ge J, et al. Con-
sensus of Chinese experts on diagnosis and treatment processes
of acute myocardial infarction in the context of prevention and
control of COVID-19 (first edition). Journal of Southern Medi-
cal University. 2020; 40: 147–151. (In Chinese)

[29] Sharma SK, Fuster V, Hofstra L, Kini AS, Gianelli A, Narula
J. Lessons learned from reduced acute cardiovascular events
and STEMI during Covid‐19. Catheterization and Cardiovascu-
lar Interventions. 2021; 97: 850–852.

[30] Vassilikos VP, Pagourelias ED, Katsos K, Zaggelidou E, Raikos
N, Tzikas S, et al. Impact of social containment measures on
cardiovascular admissions and sudden cardiac death rates during
Coronavirus Disease (COVID-19) outbreak in Greece. Hellenic
Journal of Cardiology. 2021; 62: 318–319.

[31] Papafaklis MI, Katsouras CS, Tsigkas G, Toutouzas K,
Davlouros P, Hahalis GN, et al. “Missing” acute coronary syn-
drome hospitalizations during the COVID-19 era in Greece:
Medical care avoidance combined with a true reduction in in-
cidence? Clinical Cardiology. 2020; 43: 1142–1149.

[32] 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 Italian
Real-World Coronavirus Disease 2019. Journal of the American
Heart Association. 2020; 9: e017126.

[33] Kyriakoulis KG, Kokkinidis DG, Kyprianou IA, Papanastasiou
CA, Archontakis-Barakakis P, Doundoulakis I, et al. Venous
thromboembolism in the era of COVID-19. Phlebology. 2021;
36: 91–99.

[34] Dauerman HL. The Unbearable Thrombus of COVID-19: Pri-
mary PCI, Thrombus, and COVID-19. Journal of the American

College of Cardiology. 2020; 76: 1177–1180.
[35] Kyriakoulis KG, Dimakakos E, Kyriakoulis IG, Catalano M,

Spyropoulos AC, Schulman S, et al. Practical Recommendations
for Optimal Thromboprophylaxis in Patients with COVID-19: A
Consensus Statement Based onAvailable Clinical Trials. Journal
of Clinical Medicine. 2022; 11: 5997.

[36] Dimakakos E, Kollias A, Rapti V, Kyriakoulis KG, Trontzas IP,
Abdelrasoul MM, et al. Early Occurrence of Adverse Events in
Hospitalized Patients with COVID-19 and Beneficial Effect of
Anticoagulation. In Vivo. 2022; 36: 381–383.

[37] Kollias A, Kyriakoulis KG, Lagou S, Kontopantelis E, Stergiou
GS, Syrigos K. Venous thromboembolism in COVID-19: a sys-
tematic review and meta-analysis. Vascular Medicine. 2021; 26:
415–425.

[38] WhiteleyW,WoodA. Risk of arterial and venous thromboses af-
ter COVID-19. The Lancet Infectious Diseases. 2022; 22: 1093–
1094.

[39] Katsoularis I, Fonseca-Rodríguez O, Farrington P, Lindmark
K, Fors Connolly A. Risk of acute myocardial infarction and
ischaemic stroke following COVID-19 in Sweden: a self-
controlled case series and matched cohort study. The Lancet.
2021; 398: 599–607.

[40] Mei ZW, van Wijk XMR, Pham HP, Marin MJ. Role of von
Willebrand Factor in COVID-19 Associated Coagulopathy. The
Journal of Applied Laboratory Medicine. 2021; 6: 1305–1315.

[41] Calabrò P, Gragnano F, Golia E, Grove E. Von Willebrand Fac-
tor and Venous Thromboembolism: Pathogenic Link and Ther-
apeutic Implications. Seminars in Thrombosis and Hemostasis.
2018; 44: 249–260.

[42] Kollias A, Kyriakoulis KG, Kyriakoulis IG, Nitsotolis T,
Poulakou G, Stergiou GS, et al. Statin use and mortality in
COVID-19 patients: Updated systematic review and meta-
analysis. Atherosclerosis. 2021; 330: 114–121.

[43] Leng W, Yang J, Li X, Jiang W, Gao L, Wu Y, et al. Impact of
the shift to a fibrinolysis-first strategy on care and outcomes of
patients with ST-segment-elevation myocardial infarction dur-
ing the COVID-19 pandemic-the experience from the largest
cardiovascular-specific centre in China. International Journal of
Cardiology. 2021; 329: 260–265.

[44] Nan J, Meng S, Hu H, Jia R, Jin Z. Fibrinolysis Therapy Com-
bined with Deferred PCI versus Primary Angioplasty for STEMI
Patients During the COVID-19 Pandemic: Preliminary Results
from a Single Center. International Journal of General Medicine.
2021; 14: 201–209.

[45] Tang L, Wang ZJ, Hu XQ, Fang ZF, Zheng ZF, Zeng JP, et
al. Impact of the COVID-19 Pandemic on ST-Elevation My-
ocardial Infarction Management in Hunan Province, China: A
Multi-Center Observational Study. Frontiers in Cardiovascular
Medicine. 2022; 9: 851214.

[46] Garcia S, Dehghani P, Grines C, Davidson L, Nayak KR, Saw
J, et al. Initial Findings From the North American COVID-19
Myocardial Infarction Registry. Journal of the American College
of Cardiology. 2021; 77: 1994–2003.

[47] Gambaro A, Ho HH, Kaier TE, Pires-Morais G, Patel JA, Ansari
RamandiMM.Management of Acute Coronary Syndrome in the
COVID-19 Era: Voices From the Global Cardiology Commu-
nity. JACC: Case Reports. 2020; 2: 1429–1432.

[48] Ghasemzadeh N, Kim N, Amlani S, Madan M, Shavadia JS,
Chong A, et al. A Review of ST-Elevation Myocardial Infarc-
tion in Patients with COVID-19. Cardiology Clinics. 2022; 40:
321–328.

[49] Ferlini M, Castini D, Ferrante G, Marenzi G, Montorfano M,
Savonitto S, et al. Acute Coronary Syndromes and SARS-CoV-
2 Infection: Results From anObservationalMulticenter Registry
During the Second Pandemic Spread in Lombardy. Frontiers in
Cardiovascular Medicine. 2022; 9: 912815.

8

https://www.hcs.gr/giatroi/covid-19-kardiangeiako-systima-kai-meizona-kardiangeiaka-nosimata/
https://www.hcs.gr/giatroi/covid-19-kardiangeiako-systima-kai-meizona-kardiangeiaka-nosimata/
https://www.imrpress.com


[50] Kollias A, Kyriakoulis KG, Destounis A, Stergiou GS, Syrigos
K. Cardiac injury and prognosis in COVID-19: Methodological
considerations and updated meta-analysis. Journal of Infection.
2020; 81: e181–e182.

[51] Pranata R, Tondas AE, Huang I, Lim MA, Siswanto BB, Meyer
M, et al. Potential role of telemedicine in solving ST-segment
elevation dilemmas in remote areas during the COVID-19 pan-

demic. The American Journal of Emergency Medicine. 2021;
42: 242–243.

[52] Mangiameli A, Bendib I, Martin AS, Razazi K, Teiger E, Gallet
R. Feasibility of Prone Position Coronary Angiography in a Pa-
tient With COVID-19 Pneumonia and Refractory Hypoxemia.
JACC: Case Reports. 2020; 2: 1302–1306.

9

https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Search Strategy
	2.2 Selection of Studies
	2.3 Data Extraction

	3. Results
	3.1 International Guidance Documents
	3.1.1 European Society of Cardiology (ESC) 
	3.1.2 Society for Cardiovascular Angiography and Interventions (SCAI), American College of Cardiology (ACC), and the American College of Emergency Physicians (ACEP)

	3.2 National Guidance Documents
	3.2.1 Taiwan Society of Cardiology 
	3.2.2 Cardiological Society of India 
	3.2.3 Iranian ``247'' National Committee
	3.2.4 Chinese Society of Cardiology


	4. Discussion 
	5. Conclusions
	Abbreviations
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

