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Abstract
The coronavirus disease 2019 (COVID-19) pandemic poses an unprecedented challenge to healthcare 
worldwide. The infection can be life threatening and require intensive care treatment. The transmission 
of the disease poses a risk to both patients and healthcare workers. The number of patients requiring hos-
pital admission and intensive care may overwhelm health systems and negatively affect standard care for 
patients presenting with conditions needing emergency interventions. This position statements aims to assist 
cardiologists in the invasive management of acute coronary syndrome (ACS) patients in the context of the 
COVID-19 pandemic. To that end, we assembled a panel of interventional cardiologists and acute car-
diac care specialists appointed by the European Association of Percutaneous Cardiovascular Interventions 
(EAPCI) and from the Acute Cardiovascular Care Association (ACVC) and included the experience from 
the first and worst affected areas in Europe. Modified diagnostic and treatment algorithms are proposed 
to adapt evidence-based protocols for this unprecedented challenge. Various clinical scenarios, as well as 
management algorithms for patients with a diagnosed or suspected COVID-19 infection, presenting with 
ST- and non-ST-segment elevation ACS are described. In addition, we address the need for re-organization 
of ACS networks, with redistribution of hub and spoke hospitals, as well as for in-hospital reorganization of 
emergency rooms and cardiac units, with examples coming from multiple European countries. Furthermore, 
we provide a guidance to reorganization of catheterization laboratories and, importantly, measures for pro-
tection of healthcare providers involved with invasive procedures.

KEYWORDS

• COVID-19
• ACS
• STEMI
• NSTEMI
• PCI
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Abbreviations
ACS acute coronary syndrome
ED emergency department
HCWs healthcare workers
NSTEMI non-ST-elevation myocardial infarction
PCI percutaneous coronary intervention
PPE personal protective equipment
STEMI ST-elevation myocardial infarction

1. Introduction
The coronavirus disease 2019 (COVID-19) pandemic is a major 
burden on healthcare systems and is imposing a change in practice 
in multiple disciplines, including interventional cardiology. The 
crisis is showing a particular impact on the diagnostic and treat-
ment pathways for patients presenting with acute coronary syn-
dromes (ACS).

Challenges for the networks include the strain on the hospi-
tal infrastructures, bed and catheterization laboratories (cath-
labs) capacity, and transportation due to the number of severely 
ill COVID-19 patients admitted to hospitals. The potential 
COVID-19 infection status of each new patient has to be consid-
ered to reduce the spread of the infection. The severe acute res-
piratory syndrome coronavirus-2 (SARS-CoV-2) has the same 
stability in aerosols and on surfaces as SARSCoV-1, but the rate 
of transmission is higher.1 Its environmental stability may con-
tribute to the transmission of the virus in hospitals. It is therefore 
fundamental to guarantee proper protection of healthcare workers 
(HCWs) for their own health, to minimize the risk of spreading 
the infection to other HCWs and patients, and finally to guarantee 
the proper level of care in cathlabs in the case of suspected or con-
firmed COVID-19 patients.

Difficult decisions have to be made, taking into account the 
different stages of the pandemic in each country, region, and 
individual hospital. The European Association of Percutaneous 
Cardiovascular Interventions (EAPCI) have assembled a panel 
of interventional cardiologists with first-hand experience from 
affected areas in Europe and expertise in network organization, 
with support from authors from the Acute Cardiovascular Care 
Association (ACVC), experienced in the treatment of severely ill 
patients with acute COVID-19 infection.

The objective of this position statement is to provide guidance 
regarding optimal invasive management of patients with ACS 
during the COVID-19 pandemic whilst minimizing the risk of 
infection for both patients and HCWs. This document reviews 
the clinical scenarios in different phases of the crisis, reviews 
diagnostic difficulties specific to ACS presentations with raised 

troponins, proposes modified algorithms for invasive manage-
ment, re-organization of ACS networks, hospitals, and cathlabs, 
and provides a guidance to maintain HCW safety during invasive 
procedures.

This statement is created as non-binding advice and does not 
interfere with any official local or national guidance in place. The 
advice given is valid only during the time of the COVID-19 pan-
demic, as declared by the World Health Organization.

2. Categorization of invasive procedures 
according to their impact on regional/national 
healthcare services
The rearrangement of the healthcare service required to face the 
COVID-19 pandemic has posed a series of relevant issues regard-
ing prioritization of cardiac invasive procedures.2,3

Regions in Europe differ substantially in terms of local health-
care resources, pandemic density of the COVID-19 outbreak, 
changes of the pandemic over time, and therefore access to health-
care services other than COVID-19 care. These variations have 
a wide range of implications for national/regional healthcare ser-
vices, national healthcare authorities, and in-hospital redistribu-
tion of resources. Regions (also within the same country) may be 
categorized into three groups according to the degree of involve-
ment in the pandemic, with subsequent different implications for 
the healthcare system, as summarized in Table 1.

The indications provided in this document refer mainly to the 
scenario of heavy involvement and, in part, to the scenario of 
moderate involvement. Importantly, healthcare services should 
continue to be provided according to standard of care as described 
by current clinical practice guidelines,4 as long as the degree of 
regional involvement in the pandemic allows it. The rationale 
to importantly reduce the number of elective hospitalizations is 
three-fold: (i) to increase capacity for COVID-19 patients; (ii) to 
reduce the unjustified exposure of individuals (i.e. patients in need 
of non-urgent procedures and their relatives) to the hospital and 
surrounding environment; and (iii) to reduce the exposure of 
HCWs to asymptomatic COVID-19 patients.

This strategy comes at the expense of time-to-treatment delays 
for urgent cardiovascular interventions and extension of waiting 
times for patients in need of elective coronary, heart valve, or 
other cardiovascular procedures.

In this context, a strategy is needed to identify patients who 
are in a stable condition, therefore allowing a postponement of 
procedures, and those who are not. An obvious concern is to 
maintain the standard of care and timely access of patients with 
ACS, including acute myocardial infarction (AMI), to reperfusion 

Table 1 Regional involvement in the epidemic and impact on the healthcare system

Regional involvement in the epidemic

Marginal Moderate Heavy

Impact on the healthcare 
system

None or minor restrictions in provision 
of regular healthcare services

Major restrictions in provision of 
regular healthcare services

Inability to provide regular 
healthcare services
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therapy. In patients with chronic coronary syndromes (CCSs), 
principles of prioritization can be based on risk stratification, tak-
ing into account the prognostic implications of symptoms and the 
presence of known critical disease of the left main stem or of the 
proximal left anterior descending coronary artery at prior coronary 
angiography or at coronary computed tomography angiography 
(CCTA).4 Table 2 summarizes a categorization of invasive car-
diac procedures according to urgency that may be implemented in 
areas affected by the COVID-19 pandemic.

3. Myocardial injury: the role of cardiac 
biomarkers
Acute myocardial injury is defined as a rise and fall in cardiac tro-
ponin (cTn) with at least one value above the 99th percentile upper 
reference limit (URL), attributable to cardiovascular or non-car-
diovascular causes.5 Implementation of high sensitivity (hs)- cTn 
assays, along with the application of the 4th Universal definition 
of myocardial infarction (MI), has led to an increased accuracy in 
the differentiation between type 1 MI, type 2 MI, and acute and 
chronic myocardial injury.6 However, no cut-off values for cTn 
can reliably differentiate between acute myocardial injury and dif-
ferent types of MI. Whilst myocardial injury and type 2 MI are 
associated with a worse long-term prognosis than type 1 MI,7 there 
is no consensus regarding how to manage these patients, except 
for treatment of the underlying disease.

In recent reports on patients hospitalized with COVID-19, 
5-25% had elevations in cTn, with a higher prevalence in those 
admitted to the intensive care unit (ICU) and also in those 
who died.8,9 Troponin elevation increased with COVID-19 ill-
ness deterioration and was associated with a worse prognosis.10 
Interestingly, serum concentrations remained in the normal range 
in most survivors.10,11 Brain natriuretic peptide (BNP)/N-terminal 
proBNP (NT-proBNP) levels are also reported to be elevated in 

COVID-19 patients, particularly in those with a concurrent tro-
ponin elevation.10,11 The concentrations of BNP/NT-proBNP in 
a patient with COVID-19 should be seen as the combination of 
the presence/extent of pre-existing cardiac disease and/or the acute 
haemodynamic stress related to COVID-19 infection. The mecha-
nisms underlying acute myocardial injury in COVID-19 patients 
are poorly understood, and may include direct viral and cyto-
pathic effects, cytokine release syndrome potentially leading to 
microinfarction,12 type I MI (in patients with or without previous 
coronary artery disease), type 2 MI in patients with severe respira-
tory distress/severe hypoxaemia, myocarditis,13 shock as part of 
COVID-19, or Takotsubo syndrome.14 The role of right ventricular 
involvement in biomarker elevation remains to be determined. In 
patients with COVID-19 infection, the classical cardiac symp-
toms suggesting cardiac ischaemia may be misleading or absent, 
in particular in those intubated and ventilated. A rise and/or fall of 
hs-cTn alone may be insufficient to diagnose AMI, and ECG as 
well as echocardiographic parameters have to be integrated to tar-
get the most appropriate management strategy.15,16

The use of coronary angiography for COVID-19-positive 
patients with elevation in cTn should be restricted to those in 
whom type 1 MI is suspected.

Troponin elevations in patients with COVID-19 infection seem 
to be lower than in most cases of ACS or acute myocarditis. In the 
case of marked elevation (e.g. >5 times the ULN) in a patient who 
is not critically ill, myocarditis, Takotsubo syndrome, spontaneous 
coronary dissection, or type 1 MI should be suspected.

KEY MESSAGES
– Myocardial injury, as quantified by cardiac troponin T/I concen-

trations, may occur in COVID-19 infections as in other pneu-
monias. The level of cardiac troponins correlates with disease 
severity and also seems to have a prognostic value.

Table 2. Strategical categorization of coronary interventions during COVID-19 pandemic.

Clinical 
condition

EMERGENT  
(do not postpone)

URGENT  
(perform within days)*

LOWER PRIORITY  
(perform within <3 months)*

ELECTIVE  
(may be postponed 

>3 months)

Ischaemic heart 
disease

– STEMI
– NSTE-ACS in very high 

risk and high risk 
patients

– Cardiogenic shock

– NSTE-ACS in intermediate 
risk patients

– Unstable angina
– Left main PCI
– Last remaining vessel PCI
– Decompensated ischaemic 

heart failure
– Angina pectoris class IV
– CABG in patients with 

NSTE-ACS unsuitable for PCI

– Advanced CAD with angina 
class III or NYHA III symptoms

– Staged PCI of non-IRA in 
STEMI in patients with 
haemodynamic stability and 
without >90% lesions in 
proximal segments of major 
epicardial coronary arteries

– Proximal LAD PCI

– CTO interventions
– CCS with angina 

class II or NYHA II 
symptoms

Acute/chronic 
heart failure

– Mechanical circulatory 
support for cardiogenic 
shock (<65 years)

– Urgent heart transplant – LVAD

*Timing might be affected by overwhelming demand on resources in the setting of a COVID-19 pandemic. CABG, coronary artery by-pass grafting; 
CCS, chronic coronary syndromes; CTO, chronic total occlusion; IRA, infarct related artery; LAD, left anterior descending; LVAD, left ventricle assist 
device; LVEF, left ventricular ejection fraction; NSTE-ACS, non-ST-segment elevation acute coronary syndrome; NYHA, New York Heart Association; 
PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction
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– Mild elevations in cardiac troponin T/I (e.g. <2-3 times the 
ULN), particularly in an older patient with pre-existing cardiac 
disease, do not require work-up for type 1 MI, unless strongly 
suggestive clinically by angina chest pain and/or ECG changes. 
Such mild elevations are in general well explained by pre-
existing cardiac disease and/or the acute injury/stress related to 
COVID-19 infection.

– Marked elevations in cardiac troponin T/I concentrations (e.g. 
>5 times the ULN) may indicate the presence of severe respira-
tory failure, tachycardia, systemic hypoxaemia, shock as part 
of COVID-19, myocarditis, Takotsubo syndrome, or type 1 MI 
triggered by COVID-19. If no symptoms or ECG changes are 
suggestive of type 1 MI, echocardiography should be consid-
ered in order to help diagnose the underlying cause.

4. Clinical scenarios
Both ST-segment elevation myocardial infarction (STEMI) and 
non-ST-segment elevation myocardial infarction (NSTEMI) can 
occur in patients with a confirmed/suspected diagnosis or without 
signs or symptoms of COVID-19. In order to select the appropri-
ate management strategy, it is important to take into consideration 
the clinical status of the patient and the likelihood of concomi-
tant COVID-19. Whenever SARS-CoV-2 testing can be obtained 
before an invasive procedure, this strategy should be prioritized. 
However, in some cases, clinical presentation may require imme-
diate intervention. In this case, or when COVID-19 is confirmed, 
every effort should be made to reduce the risk of viral spreading 
with protective measures17-19 that have to be implemented from the 
first contact with the patient in the emergency department (ED) or 
in the out-of-hospital setting
 i. It is critical to differentiate patients with type 1 MI from 

COVID-19 patients, who might present with troponin eleva-
tion and/or ST changes, that are associated with respiratory 
symptoms and chest pain, without a coronary aetiology.3,12

 ii. STEMI patients can be haemodynamically stable or present 
with cardiogenic shock (CS) or a mechanical complication. 
In the latter scenarios, the need for advanced care should 
be assessed in the light of local resources and the patient’s 
age and comorbidities. Appropriate treatment should not 
be delayed, even if COVID-19 is confirmed or suspected. 
Possible causes of delay in time to reperfusion are due to 
reluctance by the patients to call emergency numbers, the 
late arrival of the ambulance to pick up the patient, and then 
delayed time of arrival of the ambulance to the hospital due 
to congestion and multiple calls because of the pandemic. 
Nevertheless, because of need for protection of other patients 
and HCWs, this may lead to further in-hospital delays.20,21

 iii. Actions, such as public campaigns to raise awareness, dedi-
cated lines with an emergency number, dedicated ambu-
lances for cardiovascular emergencies, and entry points in 
ED with dedicated hospital pathways (see Section 9), can be 
considered at appropriate stages of the pandemic aiming at 
reducing these delays. The initial experience in affected areas 

suggests that as the infection spreads, there is a period char-
acterized by low numbers of STEMI followed by a phase of 
increased numbers of late presenters and related mechanical 
complications.20

 iv. The majority of NSTEMI patients do not have ongoing 
ischaemia and respond well to medical treatment, allow-
ing time to test the patients for COVID-19 infection. Very 
high risk NSTEMI patients should be managed according to 
STEMI pathways.

 v. Patients with out-of-hospital cardiac arrest constitute a group 
of patients in which prognostic assessment is of paramount 
importance in order to avoid futile intubation and ICU stay 
at a time of limited resources. The threshold to bring out-of-
hospital cardiac arrest patients to ICU and to the cathlab (in 
the case of STEMI or very high risk NSTEMI) depends on 
the capability of the hospital to admit the patient and also the 
clinical status of the patient upon arrival.

 vi. As discussed in a recent document from the European 
Association of CardioVascular Imaging, chest CT is fre-
quently used to confirm COVID-19 pneumonia and might 
provide possible synergies of and opportunities for cardiac 
imaging.16

 vii. It can be considered to integrate the protocol alongside 
CCTA in order to exclude or confirm an ACS in COVID-19 
pneumonia where elevated troponins are common.

 viii. Medication of NSTEMI patients should follow the usual 
practice. In patients undergoing specific COVID-19 treat-
ments, some interactions have been reported between lopi-
navir/ritonavir, antiviral drugs, and cardiovascular drugs. 
Lopinavir/ritonavir may inhibit 63 CYP3A4 with the need 
for dosage changes or avoidance of clopidogrel and ticagre-
lor and direct oral anticoagulants such as apixaban and rivar-
oxaban. Lopinavir/ritonavir also influence statin metabolism; 
therefore, atorvastatin and rosuvastatin should be adminis-
tered at the lowest possible dose.3

In terms of protection, two scenarios are relevant: direct patient 
contact with or without the risk for aerosol generation. Invasive 
procedures carrying a direct risk of aerosol generation are resusci-
tation, intubation, transoesophageal echocardiography (this should 
be limited and alternatives should be taken into account such as 
serial transthoracic echocardiography, CT, or cardiac magnetic 
resonance),16 and any procedures during which the patient can 
become unwell, with active coughing or vomiting.

5. STEMI: primary PCI vs. thrombolysis
The COVID-19 pandemic should not compromise timely 
reperfusion of STEMI patients.20-22

In line with current guidelines, reperfusion therapy remains 
indicated in patients with symptoms of ischaemia of <12 h dura-
tion and persistent ST-segment elevation in at least two contiguous 
ECG leads.22 Concurrently, the safety of HCWs should be ensured.2 
To that end, and in the absence of previous SARS-CoV-2 testing, 
all STEMI patients should be managed as if they are COVID-19 
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positive. We provide general guidance to address the healthcare 
system organization and delineate possible pathways for specific 
STEMI settings. The proposed actions are not evidence based, 
may need to be adapted to meet local hospital and health authority 
regulations, and may be subject to change in view of the evolving 
COVID-19 pandemic as described in Tables 1 and 2.

While general measures for healthcare systems on redistribution 
of hub and spoke hospital networks for cardiovascular emergency2 
and reorganization of ER and hospital pathways are described in 
Sections 8 and 9, respectively, the main principles of STEMI man-
agement in the COVID-19 pandemic are the following.
 i. The maximum delay from STEMI diagnosis to reperfusion 

of 120 min should remain the goal for reperfusion therapy 
under the following considerations:
a. primary percutaneous coronary intervention (PCI) remains 

the reperfusion therapy of choice if feasible within this 
time frame and performed in facilities approved for the 
treatment of COVID-19 patients in a safe manner for 
healthcare providers and other patients;

b. primary PCI pathways may be delayed during the pan-
demic due to delays in the delivery of care (as described 
in Section 4) and the implementation of protective meas-
ures (up to 60 min – according to multiple experiences);

c. if the target time cannot be met and fibrinolysis is not 
contraindicated, this should then become first-line ther-
apy. Of note, fibrinolysis should be taken into considera-
tion only if type 1 MI is highly likely.

 ii. As SARS-CoV-2 test results are not immediately avail-
able, any STEMI patient should be considered potentially 
COVID-19 positive.

 iii. All STEMI patients should undergo testing for SARS-CoV-2 
as soon as possible following first medical contact irrespec-
tive of reperfusion strategy, at the latest upon admission 
to the ICU post primary PCI. Until the result of the test is 
known, all precautionary measures should be taken to avoid 
potential infection of other patients and HCWs.

 iv. All physicians involved in the management of patients with 
STEMI should be familiar with indications, contraindica-
tions, and dosage of fibrinolysis, and adhere to established 
administration protocols (Supplementary material online, 
Tables S1 and S2).

 v. Consider immediate complete revascularization if indicated 
and appropriate (as reported in Table 2) in order to avoid 
staged procedures. This strategy would aim to reduce the 
need for readmissions during the ongoing crisis, limit the 
risk of exposure of patients and HCWs, as well as minimize 
hospital stay.

 vi. Perform a left ventricular angiogram in patients having an 
invasive revascularization procedure in order to evaluate left 
ventricular function. Echocardiography can then be avoided 
in these patients, with the exception of those that become 
haemodynamically unstable or develop potential post-
STEMI complications.16

 vii. In the case of mechanical post-STEMI complications, man-
agement should follow current ESC guidelines, taking into 
account clinical status, accepting the need for triage in times 
of restricted access.

 viii. Specific pathways for management of STEMI patients are 
illustrated in Figure 1.

KEY MESSAGES
– All STEMI patients should be managed as COVID-19 positive
– Primary PCI is first-line therapy if it can be performed in 

a timely fashion – 120 min from symptom onset
– Fibrinolysis if not contraindicated can be considered when the 

delay is longer
– Complete revascularization to be considered if indicated and 

appropriate
– Left ventricular angiogram instead of echo to evaluate left 

ventricular function

6. NSTE-ACS: immediate, early, and 
conservative management
The management of patients with non-ST-segment elevation ACS 
(NSTE-ACS) should be guided by risk stratification.23 As a gen-
eral rule, all patients with NSTE-ACS should undergo testing 
for SARSCoV-2 as soon as possible following first medical con-
tact, irrespective of treatment strategy, in order to allow HCWs to 
implement adequate protective measures and management path-
ways (Section 10).

Risk stratification should be based on the criteria as provided 
by ESC guidelines on NSTE-ACS. However, the pathways for 
these patient groups will be modified according to pressures on 
the network and consideration of infection control. Patients should 
be categorized into four risk groups (i.e. very high risk, high 
risk, intermediate risk, and low risk) and managed accordingly 
(Figure 2). At variance with ESC recommendations, we do not 
envisage including GRACE risk scoring during the pandemic when 
COVID-19 status has to be taken into account. Also, patients with 
a rise in troponin and no acute clinical signs of instability (ECG 
changes, recurrence of pain) might be managed with a primarily 
conservative approach. The purpose of this reclassification, which 
remains valid only during the time of the COVID-19 pandemic, is 
to unload the healthcare systems and to avoid as much as possible 
the risk of patient as well as HCW contamination in regions with 
intermediate and high involvement as defined in Section 2.

PATIENTS AT VERY HIGH RISK
These patients should be managed as patients with STEMI (see 
dedicated Section 5).

PATIENTS AT HIGH RISK
For these patients, a medical strategy aimed at stabilization and 
prompt execution of a SARS-CoV-2 test is recommended, whilst 
planning an early (<24 h) invasive strategy. The time of the inva-
sive strategy may, however, be longer than 24 h according to the 
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timing of testing results. In the case of a positive SARS-CoV-2 
test, patients should be transferred for invasive management to 
a COVID-19 hospital.

PATIENTS AT INTERMEDIATE RISK
For these patients, a medical strategy aimed at stabilization and 
prompt execution of the SARS-CoV-2 test is recommended.

Patients should be carefully evaluated taking into considera-
tion alternative diagnoses to type 1 MI, as described in Section 4. 
In the event that any of the differential diagnoses seem plausible, 
a noninvasive strategy should be considered and CCTA should be 
favoured, if equipment and expertise are available.

When there is a positive SARS-CoV-2 test, patients should 
be transferred for invasive management to a COVID-19 hospi-
tal. At times of high demand on the infrastructure and reduced 
availability of cathlabs or operators, non-invasive conservative 

management might be considered with early discharge from the 
hospital and planned clinical follow-up.

PATIENTS AT LOW RISK
A conservative strategy based on non-invasive testing is recom-
mended for patients at low risk. A SARS-CoV-2 test is also recom-
mended in these patients.

In NSTE-ACS patients with positive troponin and clinical signs 
of heart failure, echocardiography may be of importance to justify 
a faster invasive revascularization procedure.16

KEY MESSAGES
– Very high risk NSTE-ACS should be managed similarly to 

STEMI
– High risk NSTE-ACS should be tested before coronary angio-

graphy

Patients with STEMI during COVID-19 pandemic

Access to care

Type of hospital Type of hospital

STEMI-network (Ambulance)

Transport to hospitals with 24/7
Cath lab service

At hospitals
with 24/7 Cath

lab service

At hospitals
without 24/7 Cath

lab service

At hospitals
with 24/7 Cath

lab service

At hospitals
without 24/7 Cath

lab service

Self-presenting Hospitalized patients with COVID-19

FibrinolysisPrimary PCI FibrinolysisPrimary PCI FibrinolysisPrimary PCI

General recommendations:
– Only hospitals equipped to manage patients with COVID-19 should maintain 14/7 Cath lab service for Primary PCI
– Any STEMI patient should be managed assuming positive COVID-19 status
– Perform fibrinolysis only if not contraindicated
– Consider to perform ventriculography at the time of primary PCI

Timely Primary PCI possible
(considering up to 60 min extra-delay

due to COVID-19 pandemic)?

Transfer for timely Primary PCI 
possible (considering up to 
60 min extra-delay due to 

COVID-19 pandemic)?

Transfer for timely Primary PCI 
possible (considering up to 
60 min extra-delay due to 

COVID-19 pandemic)?

Yes

Yes Yes

No No No

Figure 1. Management of patients with STEMI during the COVID-19 pandemic. The figure considers the following potential 
scenarios: (i) STEMI patients accessing care through the STEMI network (i.e. by ambulance) should be directly transported to COVID-19 
hospitals with 24/7 catheterization laboratory facilities (cathlabs). If at the time of hospital arrival the dedicated COVID-19 cathlab room is 
not available, fibrinolysis should be considered. (ii) STEMI patients self-presenting at the emergency department of hospitals with cathlabs 
should undergo reperfusion in COVID-19 hospitals with 24/7 primary percutaneous coronary intervention (PCI) facilities. Otherwise, patients 
should be transferred. If a timely primary PCI cannot be achieved taking into account an estimated 60 min extra delay due to the COVID-19 
outbreak, fibrinolysis should be considered. (iii) Patients with STEMI self-presenting at the emergency department of hospitals without 
cathlabs should be transferred to COVID-19 hospitals with 24/7 primary PCI facilities. If a timely primary PCI cannot be achieved taking 
account of the extra delay due to the COVID-19 outbreak, fibrinolysis should be considered. (iv) Hospitalized COVID patients suffering from 
STEMI should be treated with primary PCI if the COVID-19 hospital has 24/7 cathlab facilities. Otherwise, transfer the patient to 
a COVID-19 hospital with 24/7 cathlab facilities. If a timely primary PCI cannot be achieved, patients should be treated with fibrinolysis. 
Timely primary PCI as described in the text is a primary PCI performed within 120 min from symptom onset. It is suggested to perform left 
ventriculography during catheterization.
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– Intermediate risk NSTE-ACS could be evaluated non-inva-
sively, if feasible with CCTA

– Consider adding CCTA protocol to thorax CT scan performed in 
COVID 19 patients

7. Cardiogenic shock and need for mechanical 
cardiac support
Cardiogenic shock (CS) is defined as a primary cardiac disor-
der that results in both clinical and biochemical evidence of tis-
sue hypoperfusion.24 The severity of haemodynamic compromise 
ranges from being at risk of CS (stage A) to cardio-circulatory 
collapse, potentially requiring rescue mechanical circulatory sup-
port (MCS) (stage E).25 Importantly, recent data in such patients 
demonstrate shock of undetermined aetiology in up to 12% of 
COVID-19 patients.26

Severe cardiac dysfunction in COVID-19-positive patients may 
occur from a number of mechanisms, including myocardial virus 
localization13 or acute myocardial injury/type 2 MI triggered by 
imbalance of oxygen demand and supply associated with increased 
breathing work and severe hypoxaemia.27

Close monitoring of circulatory parameters and cardiac bio-
markers is essential in daily ICU practice, as is the use of heart 
and lung ultrasound for clinical evaluation. However, to reduce 
exposure to infection risk for HCWs, comprehensive echocardio-
graphy may be reserved for those patients with high suspicion of 
cardiac involvement such as increased hs-cTn, ECG signs repre-
senting ischaemia, or haemodynamic instability.28,29

Except for viral myocarditis,30 there is limited knowledge 
regarding the use of percutaneous ventricular assist devices 
(pVADs) for haemodynamic support in previous influenza out-
breaks, as more focus has been placed on respiratory support.31 
However, if haemodynamic instability persists despite maximal 
medical therapy, the escalation to a pVAD has to be considered 
and patients should be transferred and further managed in expert 
centres which may offer different choices of MCS.24,32

INTRA-AORTIC BALLOON PUMP (IABP)
Despite recent guideline recommendations concerning IABP use 
in CS,20 this method is still widely available in ICUs and may find 
its application24 in STEMI patients with a potentially increased 
rate of related mechanical complications during the COVID-19 
pandemic.

PERCUTANEOUS VENO-VENOUS (VV) OR VENO-ARTERIAL 
(VA) EXTRACORPOREAL MEMBRANE OXYGENATION (ECMO)
Patients with COVID-19 present a high prevalence of developing 
severe acute respiratory stress syndrome (ARDS) requiring high 
positive end-expiratory pressure (PEEP) and driving pressure,33,34 
thus leading to increased right ventricular afterload and, finally, 
right ventricular failure.35 In the case of refractory hypoxaemia 
(P/F <80)/respiratory acidosis (pH <7.25 with PaCO2 ≥60 mm Hg) 
despite optimal medical and ventilator strategy [titration of plateau 
(<27 cmH2O) and driving pressures (<17 cmH2O), pulmonary vas-
odilators, and pronation], VV ECMO should be considered36 also 

 High Risk
– Established diagnosis of NSTEMI 
 based on cardiac troponins

AND at least one of the following:

– Dynamic ST/T-changes 
 (symptomatic or silent)

– Recurrent symptoms

 Low Risk
– Any condition not listed in the 
 other risk status

 Intermediate Risk
– Established diagnosis of NSTEMI 
 based on cardiac troponins

AND at least one of the following:

– Diabetes mellitus or renal 
 insufficiency*

– LVEF <40% or congestive heart 
 failure

– Early post-infarction angina or 
 prior PCI/CABG

 Very High Risk
At least one of the following:

– Haemodynamic instability or cardiogenic shock

– Recurrent/ongoing chest pain refractory to 
 medical therapy

– Life-threatening arrhythmias or cardiac arrest

– Mechanical complications of MI

– Acute heart failure

– Recurrent intermittent ST-elevation

Test for SARS-CoV-2, if positive transfer to COVID-19
equipped hospital

Immediate Invasive Strategy
(follow the STEMI pathway)

Early Invasive after test 
result (target <24 h) Non-invasive testing** Non-invasive testing

Test for SARS-CoV-2

Patients with NSTE-ACS during COVID-19 pandemic

Figure 2. Recommendations for management of patients with NSTE-ACS in the context of ther COVID-19 outbreak. LVEF: left ventricular 
ejection fraction; MI: myocardial infarction; NSTEMI: non-ST-segment elevation MI; *estimated glomerular filtration rate 
<60 mL/min/1.73 m2. **Coronary computed tomography angiography (CCTA) should be favoured, if equipment and expertise are available. 
In low risk patients, other non-invasive testing might be favoured in order to shorten hospital stay. It is suggested to perform left 
ventriculography during catheterization.
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to down-titrate intrathoracic pressure and reduce right ventricular 
afterload.37 If further haemodynamic support is needed, considera-
tion should be given to either a percutaneous oxy-right ventricular 
assist device (RVAD) or alternatively upgrading to VA ECMO.37

VA ECMO supports both lung and cardiac functions, and is con-
sidered the device of choice in COVID-19 patients with haemo-
dynamic and respiratory failure. In addition, an IABP or Impella 
may be used to manage left ventricular over distension in patients 
receiving VA ECMO.33

ECMO-assisted cardiopulmonary resuscitation (ECPR) can 
be considered in carefully selected patients who develop cardiac 
arrest, considering the likelihood of poor outcomes also due to the 
considerable risk of infection.

Patient and device selection are vital, in particular in the 
COVID-19 pandemic situation where resources are limited. The 
aim is to support especially those patients with an acute but poten-
tially reversible cause, such as myocarditis, pulmonary embolism, 
and tachycardia-related or toxicity-related cardiomyopathy before 
the onset of multiorgan failure.38,39

KEY MESSAGES
– Clinical outcome in CS is even worse in COVID-19 patients 

(30-40% vs. 45-50% survival)
– STEMI patients in CS should be transferred and further man-

aged in expert centres which may offer different choices of 
MCS

– IABP may be an option in haemodynamically depressed 
COVID-19 patients presenting with STEMI and mechanical 
complications if other MCS not available

– Veno-arterial (VA) ECMO support is considered the device of 
choice in COVID-19 patients with haemodynamic and respira-
tory failure

– Impella (or IABP) may be used to manage left ventricular over-
distension in patients receiving VA ECMO.

8. Redistribution of the hub and spoke hospital 
network for cardiovascular emergencies
Time-dependent emergency healthcare networks are experienc-
ing major disruptions after the COVID-19 outbreak, especially in 
those European regions most affected by the pandemic. Regions 
may be categorized into three groups according to the degree of 
involvement in the pandemic, with subsequent different implica-
tions for the healthcare system as summarized in Tables 1 and 2.

As the pandemic progresses, routine diagnostic and elective 
interventions are being drastically reduced and services are focus-
ing on high-risk patients requiring urgent treatment, as described 
in Section 2. In some European countries, healthcare systems have 
identified specific COVID-19 hospitals or wards (Supplementary 
material online, Table S3), in an attempt to concentrate and iso-
late confirmed COVID-19 patients and to prevent the spread of 
the virus over multiple hospitals.2 COVID-19 hospitals are usu-
ally tertiary hospitals, normally serving as STEMI hubs,with an 
ICU and 24/7 cathlab activity. To free up these hubs, non-infected 

patients are sometimes transferred to non-COVID-19 hospitals 
after acute treatment. Human or logistic resources may be shared 
amongst institutions, especially when a hub is temporarily put into 
quarantine.

With the widespread pandemic, attempts to strictly separate 
COVID-19 and non-COVID-19 patients into separate manage-
ment pathways and environments might become more challeng-
ing. In addition, identification of suspected COVID-19 patients 
is elusive, as it relies mostly on clinical symptoms or epide-
miological assumptions. In fact, 50-75% of subjects positive 
to COVID-19 may be asymptomatic, while the remainder may 
develop symptoms within the reported range of 0-24 days40,41 
after contact with the virus. Therefore, all patients entering time-
dependent networks should be considered potentially COVID-19 
positive, unless ruled out with appropriate testing, and HCWs 
should adopt all appropriate protective measures as described in 
Section 10. All these patients should be tested as soon as poss-
ible, but in the meantime should enter protected, dedicated, 
isolated paths and environments warranting the best available 
treatment (e.g. primary PCI, ICU monitoring, etc.) until infec-
tion is ruled out. Confirmed COVID-19 patients need to be 
transferred to dedicated COVID-19 wards or an ICU. Strategies 
should be guided by the availability of transport systems, cath-
lab facilities, teams, and infection control considerations of the 
local network.

KEY MESSAGES
– In regions with moderate and heavy involvement in the pan-

demic, the STEMI network has to be reorganized
– ACS should be directed to COVID-19 hospitals with 24/7 cath-

lab facilities
– Strategies should be guided by the availability of transport sys-

tems, cathlab facilities, teams, and infection control considera-
tions of the local network.

9. Reorganization of emergency department 
and hospital paths
This section contains examples for the reorganization of ED and 
hospital pathways in regions with moderate or heavy involvement 
(Figure 3).

The ED might be divided into areas for receiving patients that 
are ‘hot’ or suspected COVID-19 and ‘cold’ for patients with 
other emergencies. It would be ideal to have a dedicated entry 
point and triage for cardiovascular emergencies.2 These areas 
should be distinct, with separate teams providing care in each of 
these areas to prevent the risk of cross-contamination. It should 
be clear regarding the entry point for each of these areas with 
rapid triage upon arrival to ensure the patient is in the correct 
place. In the setting of a suspected STEMI, the hospital should 
ensure a dedicated entrance to allow immediate treatment with 
prompt reperfusion.

Following assessment, if the patient has tested positive for 
COVID-19, or the infection remains a possibility, the patient 
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should be transferred to a specific area, where care can be pro-
vided by staff appropriately trained and with the relevant personal 
protective equipment (PPE) as described in Section 10. It is rec-
ommended to follow full infection control measures when trans-
ferring patients for the protection of the staff and all other patients 
within the hospital. As patients may be acutely unwell, critical 
care areas again should be divided to prevent cross-contamination. 
Those patients who do not require critical care might be cohorted 
in clearly demarcated ‘hot’ areas, ensuring that these areas are not 
in close proximity to at-risk patients, such as those who may be 
immunocompromised.

There should also remain some critical care ‘cold’ areas for 
those patients who may require invasive therapies, including those 

with unstable cardiovascular disease. Maintaining separate areas 
throughout the hospital for both COVID-19-positive and -negative 
patients will help to minimize additional infection and the related 
hospital mortality.

KEY MESSAGES
– The ED should be reorganized in order to have different entry 

points for cardiovascular emergencies and hot (COVID-19) and 
cold (non-COVID) areas

– Hospital pathways should be redesigned in order to allocate 
patients according to their admission symptoms and SARS-
COV-2 test result in COVID-19 and non-COVID wards and 
ICU according to their clinical presentation and stability

EMS HUB Center E.D. SPOKE Center

Dedicated triage and hospital pathways

Covid-19
Patients

Cardiovascular
Emergencies

Other non-Covid-19
Emergencies

Stable Unstable StableOther NSTEMISTEMI
Very high risk NSTEMI

Unstable

High risk

Cath-lab Chest Pain Unit

SARS-CoV-2 testing results

N
egative

Positive

Covid-19 ward Covid-19 ICU Cardiac ICU Dedicated ICURegular ward

Figure 3. Reorganization of emergency department and hospital paths during COVID-19 pandemic in hub centres for an STEMI/NSTEMI 
network. In a hub centre for an STEMI/NSTEMI network in the emergency department, dedicated different entry points and triage as well as 
hospital pathways and wards are advocated for patients with diagnosed or suspected of having COVID-19 because of symptoms (blue), 
cardiovascular emergencies without diagnosed or suspected COVID-19 (red), and other emergencies without diagnosed or suspected 
COVID-19 (yellow). All patients admitted to the cardiovascular emergency triage for ACS should receive SARS-CoV-2 testing. Patients with 
STEMI or very high risk NSTEMI should be immediately referred to the cathlab, while those in the other NSTEMI risk categories should be 
referred to a dedicated chest pain unit before SARS-CoV-2 testing results are available. Patients should be further managed according to 
SARS-CoV-2 testing. The red dotted lines highlight the dedicated units for the management of ACS patients.
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10. How to prepare cath labs and guarantee 
protection to healthcare providers: general 
indications for staff and room management
It is recommended to separate HCWs into groups to potentially 
reduce exposure and therefore limit the operators who may be 
required to be in quarantine at the same time. It is suggested to 
identify one dedicated cathlab for the treatment of suspected or 
confirmed COVID-19 cases.17-19,42-46 The dedicated cathlab has to 
be fully equipped with all interventional materials stored inside 
(catheters, guidewires, angioplasty balloons, stents, etc.), ideally 
behind closed cupboard doors, avoiding entry and exit of the staff 
members during the procedure. A daily checklist for the pres-
ence of adequate PPE in the cathlab and for a dedicated crash 
cart (Figure 4; Supplementary material, Table S4) should be 
completed.47,48

DONNING AND DOFFING PROCEDURES
All HCWs have to be routinely trained in the correct and appro-
priate use of PPE. Donning/doffing (the process of putting on and 
removing PPE) manoeuvres should be supervised by a trained 
observer who reads the correct sequence of PPE use to minimize 
the risk of contamination (Table 3).

WHAT TO DO BEFORE PATIENT ARRIVAL TO THE LAB 
(SUSPECTED OR CONFIRMED COVID-19 PATIENT)
 i. Notify the area receiving the patient of any necessary addi-

tional precautions over and above those for the treatment of 
the COVID-19 patient.

 ii. Maximize coordination to avoid steadying in waiting areas.
 iii. Ensure during movement of the COVID-19 patient there 

is appropriate space around the patient to reduce the risk of 
cross-contamination of other patients/HCWs.

 iv. Pre-alert the anaesthesiologist to consider elective intubation, 
If appropriate, this should be performed before arrival of the 
patient in the cathlab

 v. Only the personnel involved directly in the cathlab should 
remain in the room. Identify an appropriately trained supervi-
sor for donning/ doffing for all team members prior to arrival 
of the patient.

 vi. Patients can wear a surgical mask during transfer and entry to 
the cathlab (when breathing spontaneously).

WHAT TO DO DURING INTERVENTIONAL PROCEDURE IN 
A SUSPECTED OR CONFIRMED COVID-19 PATIENT
 i. Keep the door closed with signage to prevent entry.

PATIENT CIRCULATING STAFF OPERATING STAFF

SURGICAL MASK CAP

SPLASH GOGGLES

FFP2 MASK

FLUID
IMPERMEABLE
GOWN

NITRILE GLOVES

SHOE COVERS

CAP

SPLASH GOGGLES

FFP2 MASK

FLUID
IMPERMEABLE
GOWN

2 × STERILE
GLOVES

SHOE COVERS

Figure 4. Individual protection equipment for cardiac health workers of cardiac invasive facilities in suspected or diagnosed 
COVID-19 patients.
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WHAT TO DO AFTER THE COVID-19 PATIENT LEAVES THE 
CATHLAB
 i. Keep the door closed.
 ii. Supervised doffing. If no filter zone is available, doffing could 

be done inside the lab, when the patient has been transferred 
away. The facial respirator should be removed outside the 
cathlab.

 iii. Do not squeeze contaminated materials into the waste con-
tainer in order to avoid aerosol generation.

 iv. Dispose of all waste according to protocols and reprocess any 
reusable PPE.

 v. Personnel to leave the room.
 vi. All members should be monitored for fever and any res-

piratory symptoms for 14 days following the exposure with 
a COVID-19 patient (or follow local protocols).

WHAT TO DO IN AEROSOL-GENERATING PROCEDURES
In procedures that are aerosol generating (i.e. endotracheal intu-
bation or transoesophageal echocardiography) or at high risk for 
requiring an aerosol-generating procedure (e.g. haemodynamic 
instability), recommendations are the same as for patients with 
confirmed COVID-19, regardless of the degree of suspicion of 
infection.

WHAT TO DO IN PATIENTS WITHOUT SUSPECTED COVID-19 
IN LOCAL AREAS WITH HIGH INFECTION BURDEN
Follow the general rules of preventing infections in the cathlab, 
especially in patients transferred from the ED.

In procedures involving manipulation of the airway and/or 
oesophagus, or in those patients at risk of requiring this mani-
pulation (e.g. unstable patients), recommendations are the same as 
those in patients with confirmed COVID-19.
 i. In patients requiring intubation and mechanical ventilation or 

cardiopulmonary resuscitation, extreme care should be taken 
to apply preventive measures due to the high risk of droplet 
release.

 ii. In those who may require transoesophageal echocardiography, 
manual ventilation, intubation, or any other type of airway 
manipulation, we recommend that the approach to infection 
prevention should be the same as that used in patients being 
tested for COVID-19 infection or with confirmed infection.

KEY MESSAGES
– It is recommended to dedicate at least one cathlab for the inva-

sive treatment of suspected or confirmed COVID-19 patients
– It is crucial to establish clear pathways for COVID-19 patients 

in the cathlab at each intervention centre
– Only HCWs involved in the procedure should remain inside the 

cathlab; cathlab doors should be kept closed at all times.
– A surgical mask for the patients, and complete PPE for HCWs 

involved in the cathlab intervention
– All HCWs have to be routinely trained in the correct use of PPE 

(donning and doffing)

Table 3 Sequence of donning and doffing of PPE

Donning PPE sequence
 1. Remove any personal items

 2. Put on the lead apron

 3. Put on a first disposable gown

 4. Gather the necessary PPE and check for their integrity

 5. Perform hand hygiene with soap and/or hand gel/rub

 6. Put on the proper disposable respirator N95 or FFP2 standard 
(FFP3 available for anaesthesiologist and nurse helping on 
airways manoeuvres)

 7. Put on hair cover

 8. Put on shoe covers

 9. Put on googles and/or face shield avoiding any interference 
with the respirator.

 10. Perform hand hygiene

 11. Put on the first pair of gloves

 12. Put on a gown (sterile or not according to your role in the 
cathlab) not using the inside tie

 13. Put on a second pair of gloves (over cuff), sterile if needed.

Doffing PPE sequence
Inside the cathlab (or in the filter zone if available):

 1. Wait until patient is out of the room; close the door.

 2. Perform hand hygiene over the gloves

 3. Peel off gown and gloves together and roll inside, slowly and 
carefully, avoiding aerosol generation

 4. If gloves are removed separately, touch only the external part 
(use glove-in-glove or beak technique)

 5. Perform hand hygiene (over the internal gloves)

 6. Remove face shield and/or googles avoiding contact with face 
and eyes and dispose of them safely or put in a separate 
container for reprocessing

 7. Perform hand hygiene (over the internal gloves)

 8. Remove hair cover and dispose of it safely

 9. Remove shoe covers and dispose of them safely

 10. Perform hand hygiene (over the internal gloves)

 11. Remove internal gloves and dispose of them safely

 12. Perform hand hygiene

 13. Step out of the cathlab and immediately close the door.

Outside the cathlab:

 14. Put on another pair of gloves

 15. Remove facial respirator without touching the front side of the 
respirator

 16. Remove the gloves

 17. Remove lead apron

 18. Perform hand hygiene with soap and water and alcohol gel/rub.

 ii. Avoid entry and exit from the room of the cathlab personnel 
(dedicated COVID-19 cabinet recommended).

 iii. Minimize contact with the surfaces – change external gloves 
(or add another pair of gloves) before any new contact (e.g. 
before opening a tray).

 iv. Keep the procedure as simple as possible, whilst maintaining 
good clinical care for the best outcome and in order to mini-
mize hospital stay and readmission rates.
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11. Conclusions
There is no single solution for all invasive services and networks 
in the COVID-19 pandemic, and there will be a variation of the 
restrictions according to the stage of the crisis. At the onset, before 
the exponential rate of infections reduces bed and infrastructure 
capacity, there may still be the opportunity to treat the majority of 
ACS patients, whilst through the peak of infections in some hos-
pitals there will simply be no capacity to treat more than the most 
acute and highest risk ACS patients. The strategies and measures 
outlined in this statement are intended to help with making these 
difficult decisions and organizing the service for maximum effi-
ciency, whilst preserving the safety of the HCWs.

The vast experience gathered in the affected areas cannot be 
summarized in a single document, and we point to the power of 
social media and web-based reports that should be consulted reg-
ularly for new commentaries, developments, and exchange. The 
European Society of Cardiology has established a webpage sum-
marizing advice on all aspects of cardiology relating to COVID-19: 
https://www.escardio.org/Education/COVID-19-and-Cardiology. 
Practical advice and case examples as well as interactive exchange 
of experience can be found on the PCR-online pages https://www.
pcronline.com/Cases-resources-images/Zoom-on/COVID-19.

We are all moving together as an interventional community in 
this challenging time and, by helping each other with advice and 
exchange, we should hopefully make it through this crisis know-
ing we can provide the best possible care for our patients in the 
most difficult circumstances.
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Supplemental	Table1.	Recommendations	for	fibrinolytic	therapy	Extracted	from	ESC	STEMI	guidelines	(Ibanez	B	et	al	,		Eur	Heart	J.	

2018;	39(2):119-177)		

DAPT=dual	antiplatelet	therapy;	PCI=percutaneous	coronary	interventions;	UFH=unfractionated	heparin;	STEMI=ST-elevation	myocardial	infarction. 

Recommendations Class Level 

When fibrinolysis is the reperfusion strategy, it is recommended to initiate this treatment as soon as possible 
after STEMI diagnosis, preferably in the pre-hospital setting 

I A 

A fibrin-specific agent (i.e. tenecteplase, alteplase, or reteplase) is recommended I B 

A half-dose of tenecteplase should be considered in patients ³75 years of age IIa B 

Antiplatelet co-therapy with fibrinolysis 

Oral or i.v. aspirin is indicated I B 

Clopidogrel is indicated in addition to aspirin I A 

DAPT (in the form of aspirin plus a P2Y12 inhibitor) is indicated for up to 1 year in patients undergoing 
fibrinolysis and subsequent PCI. 

I C 

Anticoagulation co-therapy with fibrinolysis 

Anticoagulation is recommended in patients treated with lytics until revascularization (if performed) or for the 
duration of hospital stay up to 8 days. The anticoagulant can be: 

I A 

• Enoxaparin i.v. followed by s.c. (preferred over UFH) I A 

• UFH given as a weight-adjusted i.v. bolus followed by infusion. I B 

• In patients treated with streptokinase: fondaparinux i.v. bolus followed by an s.c. dose 24 h later. IIa B 



	

Supplemental	 Table	 2.	 Doses	 of	 fibrinolytic	 agents	 and	 antithrombotic	 co-therapies:	

Extracted	ESC	STEMI	guidelines	(Ibanez	B	et	al	,		Eur	Heart	J.	2018;	39(2):119-177)		

	

	

	
 



Supplemental	Table	3	Impact	of	COVID-19	Pandemic	on	STEMI	Networks	in	Europe	15	March	2020	

		

Country	

Changes		

in	 STEMI	

network	

Personnel/logistic	

changes	

Consideration	to	

Fibrinolysis	

	

SARS-CoV-2	testing	strategy		

Austria	

(Vienna	network)	
None	

Shared	 human	 and	

logistic	 resources	 in	

case	 one	 hub	 is	

quarantined;	dedicated	

cathlab.	

Only	 if	 pPCI	

cannot	 be	 timely	

according	 to	 ESC	

guidelines	

Only	 for	 patients	 with	 clinically	

suspected	infection	

France	

COVID-19	

dedicated	

hubs	 and	

wards	

Dedicated	cathlab	 Never		

Only	 for	 patients	 with	 clinically	

suspected	infection	

Germany	

COVID-

19dedicated	

hubs	or	wards	

Dedicated	 cathlab,	

shorter	 CCU	 stay	 for	

non-COVID-19	patients	

Only	 if	 pPCI	

cannot	 be	 timely	

according	 to	 ESC	

guidelines	

Only	 for	 patients	 with	 clinically	

suspected	infection	

Italy	

COVID	 -

19dedicated	

hubs	or	wards	

Shared	 human	 and	

logistic	 resources	 in	

case	 one	 hub	 is	

Only	 if	 pPCI	

cannot	 be	 timely	

Only	for	patients	with	clinically	

suspected	infection;	but	in	the		

highest	impacted	regions	all	STEMI	



quarantined;	dedicated	

cathlab.	

according	 to	 ESC	

guidelines	

are	tested	irrespectively		from	

symptoms		

Norway	 None	

Dedicated	 cathlabs	 in	

the	 hubs	 (pPCI	 is	

already	 very	

centralized)	

Only	 if	 pPCI	

cannot	 be	

performed	

according	 to	 ESC	

guidelines	

Only	for	patients	with	clinically	

suspected	infection	

Poland	

Covid-19	

dedicated	

hubs	 and	

wards	

Dedicated	 cathlab	 for	

Covid-19	 positive	 or	

high	 probability	

patients	

Only	 if	 pPCI	

cannot	 be	 timely,	

according	 to	 ESC	

Guidelines	

Only	for	patients	with	clinically	

suspected	infection	

Spain	

None.	

Dedicated	

wards	 only	 in	

a		small	region	

(Pais	Vasco)	.	

Shorter	CCU	stay.	

division	 of	 teams	 to	

avoid	 multiple	

contagion.		

Only	 in	 1	

community	

hospital	 if	 SARS	

COV		is	suspected	

Only	 for	 patients	 with	 clinically	

suspected	infection	

Sweden	 None	

Shared	 logistic	

resources	 between	

hubs	 in	 case	 of	

shortage	 of	 personnel.	

Dedicated	cathlab.		

Only	 if	 pPCI	

cannot	 be	 timely	

according	 to	 ESC	

guidelines	

Only	 for	 patients	 with	 clinically	

suspected	infection	



Switzerland	

None.	 More	

rapid	 transfer	

to	 spoke	

hospitals	after	

primary	 PCI	

(to	 unload	

hubs,	 usually	

COVID-19)	

Shared	 logistic	

resources	 in	 case	 one	

shortage	 of	 personnel	

occurs	in	of	the	hubs	

Never		

Only	 for	 patients	 with	 clinically	

suspected	infection	

United	Kingdom	 None	

Shared	 human	 and	

logistic	 resources	 in	

case	 one	 hub	 has	

shortage	 of	 personnel;	

dedicated	cathlab.	

Only	 if	 pPCI	

cannot	 be	 timely	

according	 to	 ESC	

guidelines	

Only	 for	 patients	 with	 clinically	

suspected	infection	

	

	

pPCI=	primary	percutaneous	coronary	intervention	;	CCU=	coronary	care	unit;	STEMI=	ST	elevation	myocardial	infarctio	



Supplemental	Table	4.	Daily	checklist	of	PPE	and	checklist	of	crash	in	cathlab	
	

Daily	checklist	of	PPE	in	cath	lab	
Surgical	mask	
Respirator	N95	or	FFP2	standard	and	FFP3,	or	equivalent	
Long-sleeved	water-resistant	gown		
Sterile	standard	gown		
Gloves		
Hair	covers	
Eye	protection	(goggles	or	face	shield,	better	if	disposable)	
Apron	(for	aerosol-generating	procedures	such	as	intubation)	
Shoe	covers		

	
											Daily	checklist	of	crash	cart	in	cath	lab	

Heat	 and	moisture	 exchanger	 (HME)	filters	to	 be	 placed	 on	 any	
interface	 (mask,	 circuit,	 endotracheal	 tube,	 supraglottic	 devices,	
introducer/exchange	pipes)	
Laryngoscope			
Masks	
Circuits	
Endotracheal	tubes	
Supraglottic	devices	
Introducer/exchange	pipes	
Aspirator:	closed	system	
Anti-fogging	system	
Any	potential	useful	drugs	already	prepared	and	double	checked	
Clamp,	if	necessary	to	disconnect	the	patient	from	the	ventilator	
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