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Abstract

Background The subsequent waves of the COVID-19 pandemic in Italy had a major impact on cardiac care.

Methods A survey to evaluate the dynamic changes in arrhythmia care during the first five waves of COVID-19 in Italy
(first: March—May 2020; second: October 2020—January 2021; third: February—May 2021; fourth: June—October 2021; fifth:
November 202 1-February 2022) was launched.

Results A total of 127 physicians from arrhythmia centers (34% of Italian centers) took part in the survey. As compared to
2019, a reduction in 40% of elective pacemaker (PM), defibrillators (ICD), and cardiac resynchronization devices (CRT)
implantations, with a 70% reduction for ablations, was reported during the first wave, with a progressive and gradual return
to pre-pandemic volumes, generally during the third—fourth waves, slower for ablations. For emergency procedures (PM,
ICD, CRT, and ablations), recovery from the initial 10% decline occurred in most cases during the second wave, with some
variability. However, acute care for atrial fibrillation, electrical cardioversions, and evaluations for syncope showed a pro-
longed reduction of activity. The number of patients with devices which started remote monitoring increased by 40% during
the first wave, but then the adoption of remote monitoring declined.

Conclusions The dramatic and profound derangement in arrhythmia management that characterized the first wave of the
COVID-19 pandemic was followed by a progressive return to the volume of activities of the pre-pandemic periods, even
if with different temporal dynamics and some heterogeneity. Remote monitoring was largely implemented during the first
wave, but full implementation is needed.

Keywords Ablation - Arrhythmia - Atrial fibrillation - Cardiac resynchronization therapy - COVID-19 - Implantable
cardioverter defibrillators - Pacemakers - Remote monitoring

Introduction

The infection by Sars-Cov-2 was recognized by the World
Health Organization as a pandemic on March 11, 2020, and
Italy was the first European country affected by the impact
of COVID-19, with the need to take urgent decisions both

The list of collaborators of AIAC Ricerca Network Investigators is for limiting the transmission across the country and for the
reported in the Acknowledgements. organization of care, with important implications for man-

- — agement of cardiovascular diseases, both in patients affected
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The impact of the first wave of COVID-19, in 2020 was
devastating and many reports in literature were addressed
to analyze the difficulties in the provision of care, both in
the emergency and chronic care settings [9, 10]. In the field
of cardiology, the dramatic worsening in the outcome of
patients with cardiac arrest and myocardial infarction, that
occurred in the first wave of COVID-19, related to delay
in hospital admission, was clearly outlined [11-13]. Also
in the field of arrhythmias and cardiac pacing, a dramatic
reduction was reported in the number of patients admitted
for arrhythmia problems, including AF [14]. However, no
reports are available on the temporal trends of the impact
of the COVID-19 pandemic concerning activities related to
arrhythmia management taking into account all the subse-
quent waves that characterized the pandemic in Italy. The
Italian Association of Arrhythmology and Cardiac Pacing
(AIAC) launched a survey among its members to specifically
report on the situation of cardiac care for arrhythmia during
the five waves that characterized the COVID-19 pandemic in
Italy between March 2020 and February 2022 [15].

Methods

From March 11 to June 8, 2022, a survey endorsed by the
Italian Association of Arrhythmology and Cardiac Pacing
(AIAC) was published on the official AIAC website (http://
aiac.it/). The survey was open to physicians operating in all
Italian arrhythmia centers. Participation in the survey was
voluntary. The questionnaire could only be completed by
one physician per center.

The questionnaire consisted of 19 questions: five of
them focused on the characteristics of the participating
centers (i.e., involvement of the centers and of the phy-
sicians in the management of suspected and confirmed
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patients with COVID-19, volume of annual cardiac
implantable electronic devices, CIEDs, implantations, and
ablation procedures); ten of them focused on the impact
of the first five waves of COVID-19 pandemic on the
number of CIEDs implantations and ablation procedures
performed in both elective and emergency settings, on
the number of cases of acute pharmacological and non-
pharmacological treatment of atrial fibrillation (AF) in
emergency setting, on the number of elective direct-cur-
rent cardioversion (DCC), and on the number of elective
evaluations of patients with syncope; 2 of them focused
on the impact of COVID-19 pandemic on the manage-
ment of remote monitoring (RM) of CIEDs; the remaining
two were focused on the impact of the first five pandemic
waves on the organizational aspects of CIED replacement
procedures. Fifteen of the 19 questions were multiple-
choice questions (see online Supplementary material for
details).

RM it is a method of remote CIEDs interrogation from
the patient's residence alternative to the traditional outpa-
tient visits. This technology provides access to complete
information on device settings and status, battery and lead
parameters, as well as on arrhythmic burden and electrical
therapies delivered. Some patient’s physiological parameters
can also be monitored. This remote interrogation can be used
for scheduled and unscheduled technical and patient moni-
toring and follow-up. This information can result in alerts
that may require a response from the cardiologist or allied
professional.

The first five waves of the COVID-19 pandemic were
defined as follows: first wave, from March to May 2020;
second wave, from October 2020 to January 2021; third
wave, from February to May 2021; fourth wave, from June
to October 2021; fifth wave, from November 2021 to Febru-
ary 2022 (Fig. 1) [15].
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Fig. 1 The first five waves of the COVID-19 pandemic as observed in Italy. *Data from Italian Civil Protection Department [15]
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Statistical analysis

Descriptive statistics were reported as means and standard
deviations for normally distributed continuous variables.
Continuous variables with skewed distribution were reported
as medians and 25-75th percentiles. Student’s #-test or the
Mann—Whitney U test or the analysis of variance was used to
compare continuous variables between groups. Categorical
variables were reported as percentages and compared using
the 4 test or Fisher’s exact test, as appropriate. Two-tailed
P-values < 0.05 were considered statistically significant.

Results
Participating centers

A total of 127 physicians operating in as many Italian
arrhythmia centers took part in the survey. A complete list
of participating centers is reported in Acknowledgements.
The centers which participated in the survey accounted for
34.1% of all 372 arrhythmia centers operating in Italy in
2019 [16]. The participating centers displayed a wide geo-
graphical distribution: a mean of four centers per region
(range: 0—19; interquartile range: 2—11) responded. In nine
regions, there were five or more participating centers. The
response rate was similar in Northern, Central, and South-
ern Italy (34.0%, 31.4%, and 36.3% of all operating centers,
respectively, P=0.761).

Many participating centers (26.8%) had two operators,
7.1% had only one operator, and 8.7% had more than six
operators involved in cardiac electrophysiology and arrhyth-
mia management (Fig. 2, panel A). The rate of participat-
ing centers located in hospitals that were designated to treat
patients affected by COVID-19 (in some or all the wards)
in at least one of the first five waves of the pandemic, and
in all the first five waves was 72.4 and 51.2%, respectively.
Sixty-six participating centers (52.0%) reported that dur-
ing the COVID-19 pandemic at least one operator (median:
1; range: 1-6) was directly involved in the management of
patients with COVID-19 (for full-time or partial-time man-
agement of these patients, including direct patient evalu-
ation during consultations). Passing from the first to the
fifth waves of the pandemic, the rate of participating cent-
ers with at least one operator, and with > 50% of the opera-
tors directly involved in the management of patients with
COVID-19 decreased from 45.7 to 25.2%, and from 30.7 to
18.1%, respectively (Fig. 2, panel B).

The majority of participating centers (54.3%) had
implanted from 201 to 500 CIEDs during 2019; 24.3%
had implanted from 101 to 200 CIEDs, and the remaining
21.4% <100 or > 500 (Fig. 2, panel C). In 40.9% of centers,
<50 ablation procedures had been performed during 2019;

26.8% had been performed from 101 to 200 ablation proce-
dures; 32.3% had been performed > 200 ablation procedures
(Fig. 2, panel D).

Impact of the first five waves of the COVID-19
pandemic on the activity of participating centers

Procedures performed in an elective setting The vast major-
ity of participating centers (94.5%) reported a significant
reduction in the number of elective CIEDs implantations
during the first five pandemic waves compared to the same
periods of 2019. For elective PM implantations, the greatest
reduction was observed during the first wave (median reduc-
tion reported of 40%). In the subsequent second and third
waves, the extent of the decline gradually decreased (median
reduction of 10%), and in the fourth and fifth waves, the
majority of participating centers (56.7 and 64.6%, respec-
tively) reported no significant variations compared to the
same period of 2019 (Fig. 3, panel A). A similar pattern was
observed for implantable cardioverter-defibrillator (ICD)
implantations for primary prevention (Fig. 3, panel B), and
for cardiac resynchronization therapy (CRT) device implan-
tations (Fig. 3, panel C). The number of ICD implantations
for secondary prevention had undergone a lower reduction
than ICD implantations for primary prevention: a median
reduction of 10% in the first and second waves, no significant
variations compared to 2019 for the majority of participating
centers during the third, fourth, and fifth waves (54.3, 60.6,
and 66.9%, respectively) (Fig. 4, panel A).

Participating centers also reported a large reduction in the
number of elective ablations during the first wave (median
reported reduction of 70%), whereas most of them (60.6%)
reported no significant variations during the fifth wave com-
pared to the same period of 2019 (Fig. 3, panel D).

Procedures performed in the emergency setting The
majority of participating centers (70.1%) reported a sig-
nificant reduction in the number of CIED implantations
procedures performed in the emergency setting (including
temporary and definitive PM implantations for severe, life-
threatening bradyarrhythmias) during the first five waves of
the COVID-19 pandemic compared to the same periods of
2019. Specifically, a median reduction of 10% was reported
during the first wave, whereas no significant variations dur-
ing the following four waves were reported by the majority
of participating centers (51.2, 53.5, 62.2, and 64.4%, respec-
tively) (Fig. 4, panel B).

Similarly, the majority of participating centers (66.1%)
reported a significant reduction in the number of ablation
procedures performed in the emergency setting (including
urgent ablation of an electrical storm, refractory ventricular
or supraventricular tachycardias) during the first five pan-
demic waves compared to the same periods of 2019. Also for
these procedures, a median reduction of 10% was reported
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Fig.2 Number of operators per center (A); rate of centers with at
least one operator and with > 50% of operators directly involved in the
management of patients with COVID-19 during the first five waves

during the first wave, whereas no significant variations dur-
ing the following four waves were reported by the majority
of participating centers (50.4, 56.7, 59.1, and 60.6%, respec-
tively) (Fig. 4, panel C).

Changes in the number of procedures reported by par-
ticipating centers during each of the five pandemic waves
compared to the same periods in 2019 are reported in detail
in Supplementary Table.

The temporal trend in the variations in the number of
elective and emergency procedures did not show significant
differences between the centers located in hospitals desig-
nated to treat COVID-19 patients in all the first five waves of
the pandemic (n=65) compared to the other centers (n=62)
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(see Supplementary Figure). Similarly, no significant dif-
ferences in the temporal trend of centers with an high rate
(>20%) of operators directly involved in the management of
COVID-19 patients (n=63) compared to the other centers
(n=064) was observed.

The COVID-19 pandemic impacted also the total cases
of acute pharmacological and non-pharmacological treat-
ment of AF in the emergency setting (including pharma-
cological rate or rhythm control, and urgent electrical car-
dioversion). Specifically, a median reduction of 40% was
reported during the first wave, with a gradual return to the
number of cases treated before the pandemic in subsequent
waves (Fig. 4, panel D).
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Fig.3 Variations in the number of elective PM implantations (A),
ICD implantations for primary prevention (B), CRT device implan-
tations (C), and elective ablation procedures (D) during the first five
waves of the COVID-19 pandemic compared to the same periods of
2019. The box and whiskers graphs show median, 25th and 75th per-
centiles, and extreme values. *P <0.05 compared to CIEDs implanta-

Based on the reported procedure volumes, we estimated
that during the first five pandemic waves in the 127 centers
that participated in the survey, globally about 9,900 fewer
CIEDs had been implanted and about 6,400 fewer abla-
tions had been performed (in both elective and emergency
settings) compared to the same periods of 2019.

Other procedures The vast majority of participating
centers (94.5%) reported a significant reduction in the
number of elective DCC of persistent AF/atrial flutter per-
formed under day-case admission. The greatest reduction

B ICD implantations for primary prevention
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tions in emergency setting (see Fig. 4). 3P <0.05 compared to abla-
tions performed in emergency setting (see Fig. 4). ANOVA, analysis
of variance; CIED, cardiac implantable electronic device; CRT, car-
diac resynchronization therapy; ICD, implantable cardioverter-defi-
brillator; PM, pacemaker

was observed during the first wave (median reduction
reported of 70%). In the subsequent waves, the extent of
the decline gradually decreased. However, at the end of
the analyzed period, the number of elective DCC did not
return to pre-pandemic values (median reduction of 10%,
Fig. 5, panel A).

The vast majority of participating centers (92.1%)
reported a significant reduction in the number of elective
evaluations of patients with syncope who required diagnostic
procedures during the pandemic. The greatest reduction was
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Fig.4 Variations in the number of ICD implantations for secondary
prevention (A), CIEDs implantations in the emergency setting (B),
ablation performed in the emergency setting (C), and cases requiring
acute treatment of AF in the emergency setting (D) during the first
five waves of COVID-19 pandemic compared to the same periods
of 2019. The box and whiskers graphs show median, 25th and 75th

observed during the first wave (median reduction of 40%)
with a gradual return to pre-pandemic values in subsequent
waves (Fig. 5, panel B).

RM of CIEDs All participating centers declared to
use RM for follow-up of the CIED patients. COVID-19
pandemic resulted in a significant increase in the use of
RM in most participating centers (57.5%). The maximum
increase in the number of new CIED patients enrolled in
the RM program compared to the same period of 2019 was
reported during the first wave (median increase of 40%);
during the second wave, a slight increase was reported
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percentiles, and extreme values. *P <0.05 compared to elective PM
implantations (see Fig. 3). P <0.05 compared to elective ablation
procedures (see Fig. 3). AF, atrial fibrillation; ANOVA, analysis of
variance; CIED, cardiac implantable electronic device; ICD, implant-
able cardioverter-defibrillator; PM, pacemaker

(median 10%). During the fourth and fifth waves, no sig-
nificant changes were observed compared to the same peri-
ods of 2019 (Fig. 5, panel C).

Discussion

The present survey provides important and novel informa-
tion that depicts a more comprehensive picture of the impact
of the COVID-19 pandemic with the temporal perspective
of all the five different waves that characterized the diffusion
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Fig.5 Variations in the number of elective direct-current cardiover-
sions of persistent AF/atrial flutter performed under day-case admis-
sion (A), elective evaluations of patients with syncope (B), new CIED
patients enrolled in the remote monitoring program (C) during the

of the Sars-Cov-2 infection in Italy [15]. First of all, the
survey, which involved an important proportion of Italian
centers, deeply involved in the provision of care in the field
of electrophysiology and pacing showed that many physi-
cians traditionally dedicated to arrhythmias and pacing were
directly involved in the management of patients affected by
COVID-19 (for full-time or partial-time management of
these patients, including direct patient evaluation during
consultations). Moreover, this organizational derangement
was not confined to the first wave, but continued with a pro-
gressive decline, with an important contribution to the care
of COVID-19 patients even in the fifth wave.

An important impact of COVID-19 outbreak on car-
diac care provision has been reported for the first wave of
COVID-19 in various countries [17], but our study expands
the evidence of the profound alterations of in-hospital car-
diology practice, that involved both staff physicians [14, 18]
and fellows in training [19] and that unfortunately was coun-
teracted by a wide range of re-arrangements of health care
organization. This survey shows for the first time that the
marked reduction in elective procedures of pacemaker, ICD
and CRT implants, as well as cardiac ablations, observed
immediately after the COVID-19 outbreak, during the first
wave [14], more pronounced in Italy as compared to other
countries such as Germany [20], had a slow recovery over
time and levels of operational activity similar to the same
periods in 2019 were actually achieved only during the third
or fourth waves, and for elective ablations only during the
fifth wave. Although the nature of our study, in the form of
a survey addressed to physicians, does not allow to explain
such temporal trend, it is possible to hypothesize that it
was due to multiple reasons, including the limited propen-
sity of patients to be admitted for both elective procedures
and emergencies in hospitals with a large number of beds
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first five waves of COVID-19 pandemic compared to the same peri-
ods of 2019. The box and whiskers graphs show median, 25th and
75th percentiles, and extreme values. AF, atrial fibrillation; ANOVA,
analysis of variance; CIED, cardiac implantable electronic device

dedicated to patients affected by COVID-19 [21, 22], as
well as the re-organization of care with reduced availability
of beds and operators for usual care, particularly in public
hospitals [23, 24].

However, it is reassuring to realize that for emergency
procedures related to ICD implants for secondary preven-
tion, PM, CRT implantations and urgent ablations, after a
10% reduction of activity during the first wave, the return
to the same levels of activity of the pre-pandemic period of
occurred in most cases at the time of the second wave, even
though with some variability. In other words, the dramatic
impact that the first wave of COVID-19 created, in terms
of reduced access and efficiency of interventions for car-
diac acute events and emergencies, such as cardiac arrests,
acute coronary syndromes and bradyarrhythmias [11, 12, 14,
25-27] had a period of major disruption during the first and
second waves, with the volumes of activities for emergen-
cies restored at the end of the year 2020. It is noteworthy
that several patients affected by COVID-19 presented with
cardiac arrhythmias or syncope and required pacing or other
electrophysiological interventions [28-35].

A field where the COVID-19 pandemic exerted a par-
ticularly negative influence is the care of patients with AF.
Indeed, both acute care for AF in emergency and elective
DCC for achieving rhythm control had not only a marked
reduction in the first wave but also a prolonged reduction
as compared with the reference of the pre-pandemic period.
The mid-term and long-term consequences of this lack of
adequate care for AF management implied that the strong
recommendations to institute oral anticoagulation in patients
at risk of stroke and to apply a rhythm-control strategy when
indicated [36, 37] could not be followed, with dramatic con-
sequences on outcomes and specifically on stroke events, as
reported in one country analysis related to Denmark [38].
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The trend in cardiology activities for elective evaluations
of syncope observed during the five waves of COVID-19
showed a pattern quite similar to the trend of AF manage-
ment, supporting the concept that the diagnostic pathways
for important cardiovascular diseases and events were pro-
foundly altered during the pandemic, with consequences that
will completely emerge only in the following years [39—42].
Indeed, the delay in recovery of the full volume of activi-
ties for elective procedures observed in this survey could
have resulted in a series of risky consequences, including
the worsening of patient clinical status, the need for urgent
interventions, or the evolution to more severe, even life-
threatening, conditions. Finally, we should be able to assess
in the next months if the most appropriate target is the level
of activities in the year 2019 or an over-reaction due to the
increased need for procedures/interventions is needed.

It is noteworthy that an important and proactive conse-
quence of the derangement in care provision caused by the
COVID-19 pandemic was the input for widespread imple-
mentation of telemedicine, to overcome the difficulties in
providing care for chronic diseases through the conventional
approach based on in-person visits and checks. The easily
achievable implementation of telemedicine during the pan-
demic was the RM of CIEDs. As known, implanted devices
offer the possibility of RM of devices and in many CIEDs
also of some variables related to cardiac status and heart
failure [43—47]. The results of this survey confirm that dur-
ing the lockdown period of COVID-19 in Italy there has
been a global increase in the use of RM of CIEDs [48],
although with a substantial amount of within centers vari-
ability, as shown by the observation that the percentage
change in the number of new CIED patients enrolled in the
RM program ranged from — 20 to+70% (see Fig. 5, panel
C). This technology allowed to safely check thousands of
patients with CIEDs, as well as to document a wide range
of consequences and reactions to the lockdown [45, 49-51].
The complete implementation of RM as a standard of care
for the follow-up of CIED patients is currently challenged
by many factors including the lack of appropriate reimburse-
ment across Europe [52] and many Italian regions. It appears
that in consideration of the reliability of RM concerning the
safety of the transmissions and proven ability to anticipate
detection of CIED malfunctions, the implementation of RM
as a standard of care for CIED follow-up should be fostered,
even beyond the emergency of COVID-19 outbreak [48].
Indeed, the number of new patients followed with RM in
Italy sharply increased during the first wave, but then the
rate of increase in the adoption of RM declined.

Beyond RM of CIEDs, telemedicine with digital, non-
implanted devices has a great potential to be useful in several
settings [53-58] and during COVID-19 there was a trend to
fuel the implementation of these tools also in arrhythmia
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detection and management [59-61], even if lack of digital
literacy, of frequent occurrence among elderly patients [62],
may be an important barrier. Our survey suggests that the
care of AF patients could benefit from digital tools/weara-
bles and remote connection, especially in problematic situa-
tions, such as the pandemic, even if the organization and pre-
paredness of physicians remain a matter of debate [56, 63].

Study limitations

Overall 127 out of 372 arrhythmia centers operating in Italy
took part in the survey (34.1% of the Italian centers) and our
findings should be interpreted with caution, as they did not
provide an accurate measurement, but simply an estimate
of the impact of the first waves of COVID-19 pandemic on
the activities of all Italian arrhythmia centers. However,
it is noteworthy that the characteristics of the centers that
took part in the survey (geographical distribution, number of
operators, volume and types of procedures performed) seem
to be representative of the current Italian scenario [64—66].
In addition, the reduction in cases managed for acute AF
during the first wave, as assessed by this survey, is consist-
ent with the actual data derived from the National Registry
in Denmark [38].

The volume of activities and procedures of every specific
center was self-reported and not objectively defined; how-
ever, this is a method that allows a rapid feedback and was
chosen for having a general view of COVID-19 pandemic
in Italy.

In the questionnaire, participating centers were not asked
to report in detail the absolute number of procedures per-
formed during 2019. They were asked to report the percent-
age change in the number of procedures performed during
each of the five pandemic waves compared to the same peri-
ods of 2019. Consequently, it was not possible to perform
a statistical comparison between the number of procedures
performed during the five pandemic waves and the same
periods of 2019. This is in line with the characteristics of
our study, which is actually a survey.

Since this survey did not collect data on patient's out-
come, it was not possible to assess the impact of the reduc-
tion in the treatment of arrhythmias caused by the COVID-
19 pandemic on the survival and the quality of life of
patients, which actually depend on the complex interaction
of many factors [50].

Fifteen of the 19 questions of the questionnaire were
multiple-choice questions. This type of questionnaire is
time-efficient, and responses are easy to code and interpret.
On the other hand, the surveys based on multiple-choice
questions have some limitations. Respondents are required
to choose a response that may not exactly reflect their answer
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but is conditioned by a pre-conceived simplest of answers to
depict the experiences, beliefs, and activities of respondents.

Conclusions

In conclusion, in this nationwide survey involving one-
third of the centers involved in cardiac electrophysiology
and arrhythmia management in Italy, the dramatic and pro-
found derangement that occurred during the first wave of
the COVID-19 pandemic, and that involved all the activi-
ties related to cardiac care for arrhythmias (CIED implants,
management of AF, including ablations, and evaluation of
patients with syncope) was followed by a progressive return
to the volume of activities of the pre-pandemic periods.
However, different temporal dynamics and some centres'
heterogeneity characterized the specific recovery of full
activities, especially concerning elective cardioversions for
AF and elective evaluation of patients with syncope. The
innovative approaches based on telemedicine were largely
applied, using RM in patients with CIEDs during the first
wave, but full implementation is needed with dedicated path-
ways and adequate organization.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11739-022-03140-4.
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