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Introduction
COVID-19 disease, caused by the severe acute respiratory syndrome coronavirus 2 (SARS CoV-2), has imposed an unprecedented burden on healthcare systems worldwide. While guidance
on management of cardiovascular conditions in the setting of
COVID-19 is being gathered, little is known about the effects
of the pandemic on interventional cardiology practice1. The first
reports originating from highly affected areas describe a reduction in the number of patients presenting to the emergency department (ED) with acute coronary syndromes (ACS)2,3. In order to
shed light on the impact of the COVID-19 pandemic on the management of patients encountered in routine interventional cardiology practice, the European Association of Percutaneous Coronary
Interventions (EAPCI) of the European Society of Cardiology
conducted a survey among its members.

Methods

otherwise, percentages in the text, Figures and Tables refer to the
proportion of respondents giving an answer/affirming a statement.

Results
COVID-19 STATUS AND TESTING POLICIES
The majority of the respondents were employed in COVID-19designated hospitals (58%), while 31% were from non-COVID-19
hospitals; for the remaining, the COVID-19 status of the hospital
was not defined/unknown. With respect to the COVID-19 institutional testing policy, 12% tested all patients independently of
symptoms, 67% tested all patients with symptoms suspicious of
COVID-19 and the remaining were not able to test all suspected
patients because of lack of kits.
IMPACT ON CATH LAB PERSONNEL AVAILABILITY
Cardiac catheterisation laboratory (cath lab) personnel availability, for both physicians and paramedics, was affected by the pandemic. The proportion of respondents stating that at least one cath
lab physician was in quarantine, infected with COVID-19, or dispatched to other departments in need such as ED or intensive care
units (ICU), was 59%, 43%, and 59%, respectively. The corresponding proportions for cath lab nurses and technicians were 52%,
36% and 59%. Details on the impact of the COVID-19 pandemic
on cath lab personnel availability are reported in Supplementary
Figure 1 and Supplementary Figure 2.
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From 1 April to 15 April 2020, a link to a web-based survey
including 83 questions was mailed to EAPCI members, with
one reminder. In addition, the survey was accessible on the web
at https://www.pcronline.com/ and https://www.pcronline.com/
Cases-resources-images/Zoom-on/COVID-19/EAPCI-COVIDSURVEY. A total of 636 members responded – 49% from Western
Europe, 21% from Eastern Europe, 13% from Africa/Middle East,
11% from Australasia and 6% from the Americas. Unless stated
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IMPACT OF COVID-19 PANDEMIC ON CATH LAB ACTIVITY
The reduction in cath lab activity has been considerable, particularly
for elective procedures. Figure 1 shows the degree of reduction in
activity for the individual procedures. In ACS, coronary angiography
and percutaneous coronary intervention (PCI) have been reduced by
various extents according to clinical presentation, with the greatest
reduction in activity observed in patients presenting with unstable
angina. Of note, 27% and 31% of the respondents stated that the
activity was reduced also in patients with ST-elevation myocardial
infarction (STEMI) and cardiac arrest, respectively. Other observations related to ACS management are reported in Table 1, including a reduction in hospitalisations/referrals, an increase in delays
to coronary angiography/PCI, the choice of fibrinolysis instead of
primary PCI in STEMI, a reduction in cardiac rhythm monitoring
time, a restriction in the indications for ICU, and an increase in
presentation with cardiogenic shock or mechanical complications.
With respect to elective procedures, only 5% of the respondents stated that diagnostic angiography or left/right heart catheterisation was not affected, while among those affected a complete
discontinuation of these activities was reported in 51%. PCI in
the setting of chronic coronary syndromes was unaffected in 9%,
while among those who reduced the activity a complete stop was
reported in 50%. Structural heart intervention programmes were
also profoundly affected. Only 11% of the respondents stated that
TAVI programmes ran unchanged, while among those affected
a complete discontinuation of the procedure was reported in 51%.
The corresponding proportions for transcatheter mitral valve repair
were 12% and 73%. Other structural heart interventions, such as
closure of patent foramen ovale, atrial septal defect, or left atrial
appendage as well as alcohol septal ablation were not affected in

Table 1. Impact of the COVID-19 pandemic on the management of
patients with acute coronary syndromes.
STEMI

Coronary angiography and PCI reduced/stopped (27%)
Increased delay in reperfusion related to COVID-19
(48%)
Fibrinolysis administered because of logistical reasons
related to the COVID-19 pandemic (22%)
Increase in cardiogenic shock/mechanical complication
(28%)
Restriction in the indication for intensive care (39%)
Reduction in cardiac rhythm monitoring time (19%)

NSTEMI

Coronary angiography and PCI reduced/stopped (38%)
Increased delay to early invasive strategy (57%)
Reduction in cardiac rhythm monitoring time (25%)

All ACS

Reduction in hospitalisations/referrals (89%)

Percentages refer to the proportion of survey participants supporting the
statement. ACS: acute coronary syndromes; NSTEMI: non-ST-elevation
myocardial infarction; PCI: percutaneous coronary intervention;
STEMI: ST-elevation myocardial infarction

9%, while among the programmes affected a complete discontinuation of activities was reported in 79%. Among centres that discontinued a specific procedure, the process was abrupt, faster for
elective than for urgent interventions, and in all centres completed
within roughly three weeks (Supplementary Figure 3).
GENERAL PROTECTIVE MEASURES IN THE CATH LAB
In patients requiring non-emergent cath lab procedures (e.g., nonST-elevation myocardial infarction [NSTEMI] with no recurrent
ischaemia), testing of all patients with symptoms suspicious of
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Elective diagnostic catheterisation
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Figure 1. Impact of the COVID-19 pandemic on cath lab activity. Elective diagnostic catheterisation included diagnostic coronary
angiography and left/right heart catheterisations. Percentages refer to the proportion of survey participants stating the degree of reduction of
each individual procedure. Other structural heart interventions included closure of patent foramen ovale, atrial septal defect, or left atrial
appendage as well as alcohol septal ablation. CCS: chronic coronary syndrome; ICA: invasive coronary angiography; NSTEMI: non-STelevation myocardial infarction; PCI: percutaneous coronary intervention; STEMI: ST-elevation myocardial infarction; UA: unstable angina
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PERSONAL PROTECTION IN THE CATH LAB
The results of the survey on dedicated personal protective equipment
(PPE) for the primary operator performing a procedure on patients
with symptoms suspicious of COVID-19 or COVID-19 positive
are listed in Figure 2. The main reason for not using PPE was its
unavailability. Particularly concerning was the observation that 19%
of the respondents were not using FFP2/FFP3 face masks while treating patients with symptoms suspicious of COVID-19 or COVID-19
positive at risk for aerosol generation (e.g., in patients with borderline respiratory failure at risk for intubation and/or haemodynamic

Do you use this personal
protective equipment?
FFP2/FFP3 for standard patients

78%

22%

81%

19%

72%

Dedicated eye protection
Dedicated face shield
Extra gown
Dedicated shoe protection

The main findings of the survey, involving over six hundred interventional cardiologists mainly from Europe, that we conducted
from 1 April to 15 April 2020 are summarised in Table 2. At
times, the pandemic overwhelmed health systems. This is shown
by the fact that overall it was not possible to test COVID-19 suspected patients systematically and that the availability of recommended PPE for operators and cath lab personnel was suboptimal
and not according to proposed standards4. Particularly worrisome
was the observation that one out of five respondents was not using
an FFP2/FFP3 face mask while treating patients with symptoms

Table 2. Key findings of the EAPCI COVID-19 survey.
Kits not available in all hospitals to test all COVID-19 suspected
patients.
Cath lab personnel (both doctors and paramedics) availability
affected (quarantine, contagion, need of other departments).
Massive and abrupt reduction in elective activity, both coronary and
structural.
Management of acute coronary syndromes affected (Table 1).
In the cath lab body temperature measurement and surgical mask
for the patients are very common.
Availability of personal protective equipment in cath labs
suboptimal.

76%

28%

79%

21%

68%

32%

51%

49%

60%
Yes

Discussion

If you don’t use this personal protective equipment,
can you tell why?

FFP2/FFP3 mask for patients at risk
for aerosol generation
Double gloves

instability and/or vomiting). Powered air purifying respirators
(PAPR) were available for 28% of the operators. The results of the
survey with respect to dedicated PPE for circulating cath lab personnel are available in Supplementary Figure 4-Supplementary
Figure 7. A specific protocol for wearing and removing PPE was
implemented in 91% of responders. Sixty-eight percent of the
respondents affirmed that a specific cath lab cleaning protocol was
in place after the treatment of a patient with symptoms suspicious
of COVID-19 or COVID-19 positive, while 20% stated that they
used a “standard” cleaning protocol, as for other infections, and the
remainder did not know.

40%
No
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COVID-19 was performed in 55%, while testing of all patients
irrespective of symptoms was possible in 18%; in 25% of the
cases it was not possible to test all patients with symptoms suspicious of COVID-19 owing to the lack of testing kits, while the
remaining respondents were not sure. In order to reduce the risk
of contagion for the cath lab personnel and contamination of the
room and equipment, some procedures usually performed in the
cath lab were performed elsewhere (e.g., ED, ICU) in patients
with symptoms suspicious of COVID-19. This was the case for
pericardiocentesis for 23% of the respondents, while the corresponding proportions for intra-aortic balloon pump placement and
right heart catheterisation were 13% and 11%.
With respect to the triage of patients, 92% of the respondents
stated that patients were surveyed regarding potential exposure
or symptoms suspicious of COVID-19 before granting access
to the cath lab. Eighty-one percent of the respondents mandated
body temperature measurement and 86% the wearing of a surgical mask in all patients before entering the cath lab. Forty-three
percent of the respondents affirmed having a dedicated cath lab
room for patients with symptoms suspicious of COVID-19 or
COVID-19 positive. A widening of the indication for intubation in
the ED/ICU in patients scheduled for an invasive procedure with
borderline respiratory failure and/or haemodynamic instability
and/or vomiting in order to avoid emergent intubation in the cath
lab was implemented by 54% of the respondents.

24%

80%

20%

79%

21%

79%

21%

76%

24%

59%

41%

56%
Not available

44%
Not necessary

Figure 2. Use of personal protective equipment (PPE) by the primary operator treating patients with symptoms suspicious of COVID-19 or
COVID-19 positive in the cath lab. Percentages refer to the proportion of survey participants supporting the statement.
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suspicious of COVID-19 or COVID-19 positive at risk for aerosol
generation. The pandemic also affected cath lab personnel availability, both doctors and paramedics, due to quarantine measures,
direct contagion, or personnel being dispatched to other departments of the hospital in need, such as ED and ICU. The impact
of the pandemic on elective cath lab activity was massive for both
coronary and structural heart interventions. Within roughly three
weeks, all centres that discontinued a specific interventional activity had halted their programmes.
In accordance with first reports from highly affected areas,
the vast majority of respondents observed a reduction in hospitalisations/referrals for ACS2,3. A reduction in or discontinuation
of primary PCI for STEMI was reported by approximately one
quarter of the respondents. Additional findings on ACS management included an increase in the delays to coronary angiography/
PCI, the choice of fibrinolysis instead of primary PCI in STEMI,
a reduction in cardiac rhythm monitoring time, a restriction in the
indications for ICU, and an increase in the prevalence of cardiogenic shock and mechanical complications.

Limitations
As the evolution of the epidemic was extremely rapid, these findings apply only for the period of time investigated. As the cath lab
name was not tracked in the survey, we cannot exclude that more
than one interventionalist of the same institution participated.

Conclusion
The survey suggests that interventional cardiology practice has
been disrupted in multiple aspects by the COVID-19 pandemic,
ranging from cath lab personnel availability, to the need for personal protection, to the management of ACS patients and the massive reduction in procedural activity.

Impact on daily practice
The COVID-19 pandemic has deeply affected interventional
cardiology practice.
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Supplementary data

Supplementary Figure 1. Unavailability of cath lab medical staff due to the COVID-19
pandemic.
Percentages in the key refer to the proportion of survey participants stating that a certain
proportion of the team was not available.

Supplementary Figure 2. Unavailability of cath lab nurses and technicians due to the
COVID-19 pandemic.
Percentages in the key refer to the proportion of survey participants stating that a certain
proportion of the team was not available.

Supplementary Figure 3. Discontinuation of activities.
Among the centres which discontinued a specific intervention, the temporal evolution of the
process is shown. This took roughly three weeks (from 7 March to 1 April 2020) and was
faster for elective procedures.
NSTEMI: non-ST-elevation myocardial infarction; PCI: percutaneous coronary intervention;
STEMI: ST-elevation myocardial infarction; TAVI: transcatheter aortic valve implantation

Supplementary Figure 4. Use of face masks by the circulating personnel in the cath lab.
Percentages refer to the proportion of survey participants supporting the statement.

Supplementary Figure 5. Use of dedicated eye protection by the circulating personnel in the
cath lab.
Percentages refer to the proportion of survey participants supporting the statement.

Supplementary Figure 6. Use of face shields by the circulating personnel in the cath lab.
Percentages refer to the proportion of survey participants supporting the statement.

Supplementary Figure 7. Use of double gloves, an extra gown for biological protection and
extra shoe protection by the circulating personnel in the cath lab.
Percentages refer to the proportion of survey participants supporting the statement.

