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Ventricular arrhythmias among patients with implantable
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Abstract
Correspondence Background: Coronavirus Disease-2019 (COVID-19) has been associated with myo-
G. Malanchini, MD, Piazza OMS 1, Bergamo . . . . L
(BG), Italy. cardial injury and higher risk of arrhythmic complications. However, no reports are

Email: gmalanchini@asst-pg23.it available about the effect of the ongoing pandemic on arrhythmias in patients at risk.

Objective: To describe the effect of COVID-19 pandemic on arrhythmic burden
among high-risk patients.

Methods: This is a cross-sectional study on the incidence of ventricular arrhythmia
(VA) during the pandemic outbreak (study period), compared to the same timeframe
in 2019 (reference period). Inclusion criteria were age (>18 years) and having an im-
plantable cardiac defibrillator (ICD).

Results: Among 455 patients enrolled (mean age 64.9 + 15.7 years; 25.1% females
and 39.6% with CRTD), in the study period, 45 (9.9%) patients experienced a total of
86 VA; 8 patients (1.7%) required antitachycardia-pacing (ATP) and 6 (1.3%) at least
one shock. In the reference period, a total of 69 events occurred in 36 patients (7.9%).
Six patients (1.3%) required ATP and three (0.7%) at least one shock. The number of
patients that suffered from any arrhythmic events in the study period (9.9% vs 7.9%)
did not significantly differ from the reference period (X2 = 1.09, P = .29). The main
predictor of VA during the COVID-19 pandemic was the previous history of any ICD
therapy (OR = 3.84, P < .001).

Conclusions: No evidence of an increase of arrhythmic burden was found during the

COVID-19 pandemic among patients with an ICD.

cohorts of hospitalized patients.>* A more negative outcome was ob-

1 | INTRODUCTION

served among patients admitted to intensive care units in Italy if car-

In December 2019, a new Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) emerged as a leading cause of mor-
bidity and mortality in Wuhan, China. Its manifestations known as
Coronavirus Disease-2019 (COVID-19), suddenly became a major
concern for physicians of every specialty.l’2

COVID-19 clinical manifestations are mainly respiratory, but major
cardiac complications have been reported in a considerable number of

diovascular risk factors (eg, hypertension) were present at baseline.®
Studies have linked COVID-19 to myocardial injury, suggesting
that it could lead to a higher risk of arrhythmic complications.
Patients with underlying heart disease, especially those con-
sidered at higher risk for cardiac arrhythmia, are routinely im-
planted, according to Guidelines,®™? with prophylactic implantable
cardioverter-defibrillator (ICD).
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Previous studies have reported seasonal variation, associated
with influenza-virus spread, in the occurrence of ventricular ar-
rhythmias (VA) in patients with an implantable cardiac defibril-
lator: during high influenza activity periods, patients were more
likely to have a VA treated with shock or antitachycardia pacing
(ATP).1011

There is a substantial lack of data from a wider population with
the history of cardiac diseases on the possible arrhythmogenic ef-
fects of the COVID-19 pandemic. The current study aims to: (a)
Characterize the burden of ventricular arrhythmia attributable to
COVID-19 among patients with an ICD during the pandemic out-
break in Italy, focusing on the period between February 21st and
April 5th, 2020; and (b) Compare the incidence of VA during the
COVID-19 outbreak to that observed during the same timeframe the
previous year (February 21st and April 5th, 2019).

2 | METHODS
2.1 | Study design

This was a cross-sectional comparative study conducted at the
Electrophysiology and Cardiac Pacing Unit at ASST Papa Giovanni
XXIIl Hospital, Bergamo, Italy. The study period was selected based
on the epidemiology of the COVID-19 pandemic in the area,” from
February 21st to April 5th, 2020. As a reference period, we selected

839 patients remote-

the same timeframe during the previous year (February 21st - April
5th, 2019).

2.2 | Sample

Inclusion criteria were age (>18 years) and having an implantable car-
diac defibrillator (ICD), a subcutaneous ICD (S-ICD), or cardiac resyn-
chronization therapy defibrillator (CRT-D). All patients were enrolled
in different remote monitoring systems, according to manufac-
turer technology (BIOTRONIK Home Monitoring, Boston Scientific
LATITUDE, and Medtronic CarelLink), which allows physicians to ac-
cess on a secured website to patients’ data. Patients were considered
eligible for analysis if available device stored data covered at least
1 month within the study period. Data from the remote-monitoring
system were deidentified before analysis. Patient population was
characterized using demographic data including age, gender, device
model, reason for implantation, previous history of antitachycardia
therapy (shocks or ATP), antitachycardia programming. Among 839
patients with an implanted cardiac device followed up with remote
monitoring at the enrolling Institution on April 5th, 2020, 563 had
ICD, S-ICD or CRT-D. We excluded 26 patients due to: limited fol-
low-up during the study timeframe (21 patients), unavailable data at
remote monitoring (5 patients) or implantation after the study pe-
riod (77 patients, see Figure 1). The final cohort consisted of 455
patients.
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The study was approved by the institutional review board at the
enrolling Institution. Every participant gave informed consent for such

analysis during hospitalization for device implant or replacement.

2.3 | Data analysis

The main endpoint of the study was an episode of ventricular tachy-
cardia (VT) or ventricular fibrillation (VF) during the study period
(see Supplementary Material).

Programming of detection zones, counters, and discrimination
algorithms was set in any patient according to indication, routine
practice, and patient's history. Device detected ventricular episodes
labeled as VT or VF was adjudicated by two expert cardiac electro-
physiologists; in case of discordance a third electrophysiologist was
asked to classify the event and the episode was labeled according to
the majority vote. Episode data were categorized into binary vari-
ables, indicating the presence or absence of a VT, VF, treatment with
ATP or with shock during the study period. Data analyses were con-
ducted separately for VA episodes self-terminating and/or treated
with ATP or with at least one shock.

Descriptive statistics for continuous variables were reported
as mean (standard deviation) and binary variables as percentages.
The event rate was calculated as the number of patients having an
event in the study period divided by the total number of patients.
Event rate in the study period was compared to that of the refer-
ence period using chi-squared test. The mean number of events
in the study period was calculated as the total number of events
divided by the total sample size; comparison between periods was
carried out by t t test. Univariate and multivariate logistic and
linear regressions were conducted in order to examine the asso-
ciations between variables of interest and the occurrence of an ar-
rhythmic event. In a subgroup of patients, with available data, we
also consider physical activity level and heart rate data and com-
pare them to reference period. For all tests, a significance level of
0.05 was used. All analyses were performed using the Stata soft-
ware version 13.0 (StataCorp, Texas, US).

3 | RESULTS
3.1 | Incidence of VA in the study population

As depicted in Figure 1, the final cohort consists of 455 patients;
mean age was 64.9 + 15.7 years. 24.3% of them were females.
Table 1 presents patients’ characteristics. More frequent eti-
ologies of heart diseases leading to implant were ischemic heart
disease (40.2%), dilated nonischemic cardiomyopathy (32.5%), hy-
pertrophic cardiomyopathy (9.2%), Brugada syndrome (3.5%), and
arrhythmogenic right ventricular cardiomyopathy/dysplasia (1.2%).

Among the study population, 163 patients (35.8%) had a single-
chamber ICD, 75 (16.5%) had a dual-chamber ICD, 37 (8.1%) a sub-
cutaneous ICD, and 180 patients (39.6%) had a CRTD implanted.
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TABLE 1 Patients’ characteristics

Study population

(N = 455)
Age (years) 64.9 + 15.7
Females 110 (24.3%)
Device type

163 (35.82%)
75(16.48%)

ICD - single chamber
ICD - dual chambers

CRTD 180 (39.56%)

S-ICD 37 (8.13%)
Indication

Ischemic heart disease 183 (40.22%)

Non-ischemic dilated cardiomyopathy 148 (32.53%)

Hypertrophic cardiopathy 42 (9.23%)

Arrhythmic disease 55 (12.09%)

Brugada 16 (3.51%)

Syndrome

Other 39 (8.57%)
Other 27 (5.93%)

Prevention type

Primary 358 (79.20%)
Secondary 94 (20.80%)
History of previous device therapy 89 (19.56%)

History of recent device therapy 25 (5.49%)

(<12 months)
Treatment with antiarrhythmic drugs

Beta-blockers 346 (85.86%)

Amiodarone 138 (34.24%)
Mexiletine 14 (3.47%)
Mean lower cut off for tachycardia 182.7 + 20.9
discrimination (bpm)

Mean lower cut off for tachycardia 156.2 + 13.7
monitor (bpm)

Mean cut off for VF discrimination (bpm) 206.7 +15.8

Regarding manufacturer the study sample included 80 devices by
BIOTRONIK (35 single-chamber ICD, 3 dual-chamber ICD, 42 CRTD),
245 by Boston Scientific (103 single-chamber ICD, 30 dual-chamber
ICD, 75 CRTD, 37 Subcutaneous ICD), and 130 by Medtronic (25
single-chamber ICD, 42 dual-chamber ICD, 63 CRTD).

Most patients received a defibrillator for primary prevention
(358 patients - 79.2%). Device settings were variably programmed,
with 205 (45.4%) with an enabled monitor zone (mean cut-off value
156.2 + 13.68 beats per minute - bpm), 18.4% with a VT zone (mean
cut-off value 182.7 + 20.9 bpm), and 100% having a VF zone (mean
cut-off value 206.6 + 15.8 bpm).

Within the study cohort, 89 patients (19.6%) had a previous his-
tory of device therapy, either ATP or shocks. A vast majority of pa-

tients take beta-blockers as medication (Table 1).
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Overall, 45 (9.9%) patients experienced from February 21st
to April 5th, 2020, a total of 86 VA: 77 episodes (89.5%) of VTs, 9
(10.5%) VF. Eight patients (1.7%) required ATP and six (1.3%) at least
one shock during the study period (see Table 1; Figure 2).

During reference timeframe—February 21st to April 5th, 2019—
the number of events was 69 VA, experienced by 36 patients (7.9%):
64 episodes (92.7%) of VTs, 5 (7.2%) VF. Six patients (1.3%) required
ATP and three (0.7%) at least one shock during the study period. An
electrical storm occurred in one patient in the study period, none in

the reference period.

3.2 | Comparison of event rate between study and
reference period

The number of patients that suffered from any arrhythmic event did
not differ significantly from that of the reference period (X2 =1.09,
P = .29). A comparable rate of VT, VF, ATP, and shocks was also
found (Table 2).

The overall mean event number per person during the timeframe
of the study was 0.19 events/person, not significantly higher than

0.15 events/persons in the reference period (difference 0.04, P = .36).

3.3 | Predictors of VA during the study period

The main predictor of any VA during the COVID-19 pandemic period
was a previous history of any ICD therapy (OR 3.54, P < .001) and
recent (<12 months) history of ICD interventions either with ATP
or shock (OR 9.15, P < .001). Age, sex, pharmacologic therapy or
secondary prevention indication were not found to be predisposing
factors for arrhythmic events during the study period (Table 3 - uni-
variable and multivariable logistic regression analysis).

Among men, the incidence of VA was similar in the study period

to the reference period (34 vs 26 events in a sample of 342 males,

x> =0.034, P = .851). The findings were consistent in univariable and
multivariable linear regression analysis (Tables $1-54).

3.4 | Activity level and heart rate variations

In a restricted subgroup of patients, devices implanted allow to
measure for physical activity level and heart rate: available data
show a stable value between the study period and reference period
in term of heart rate (68.4 vs 67.7 beats per minute, 1% reduction,
net difference 0.7 beats per minute, P = 0.53), but a significant re-
duction of activity level during the study period compared to the
reference period (2.46 vs 2.06 h/d, 14.4% reduction, P < .001).

4 | DISCUSSION
The current study found that the incidence rate of any ventricular
arrhythmia during the COVID-19 outbreak acute period was 9.9%. A
total of 86 VA was observed, a small number of patients experienced
arrhythmia requiring therapy from the ICD: nine patients (1.7%) ATP
and eight (1.3%) shock. Importantly, there was no evidence of a signif-
icant increase of arrhythmic burden during the COVID-19 pandemic
outbreak, if compared to a reference period, the same timeframe in
2019. The same result was found for sub-types of VA and for VA re-
quiring ICD therapy. The main predictor of the arrhythmic event dur-
ing the study period was a previous history of any device therapy,
especially in the previous 12 months; this fact reinforces the findings
that at the beginning of the COVID-19 pandemic personal history of
arrhythmia remain the strongest risk factor for a subsequent event.
Little is known about COVID-19 and arrhythmias, especially
among patients with an ICD implanted, for whom the risk is
generally considered very high. Previous reports of high risk for
cardiac damage and arrhythmia refer primarily to very sick popu-

lations admitted to hospital for severe acute respiratory syndrome

Arrhythmic events during COVID epidemic and

reference period
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FIGURE 2 Incidence rates
(percentages) of ventricular arrhythmias
and ICD therapy among the study
population and reference population; VA,
ventricular arrhythmias; VT, ventricular
tachycardia, VF, ventricular fibrillation;
ATP, antitachycardia pacing
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TABLE 2 Comparison of incidence rate
in study vs reference period

Ventricular Arrhythmias

Any device Therapy

Ventricular tachycardia - VT
Ventricular fibrillation - VF

Anti-tachycardia Pacing - ATP

ICD shocks

TABLE 3 Logistic regression analysis predicting the risk of
ventricular arrhythmia during the COVID-19 epidemic (February
21st - April 5th, 2020)

Univariate Multivariate
logistic logistic
regressions regression
Variable OR P OR P
Female 1.01 .98 0.87 .75
Age 0.99 .69 1.01 .98
Secondary prevention 0.94 .89
History of any ICD therapy 3.54 <.001 3.84 <.001
History of recent 9.15 <.001
(<12 months) ICD therapy
Amiodarone 0.81 .55
Beta-blockers 0.62 .26
Mexiletine 1.53 .58 0.69 .60
Etiology
Ischemic heart disease 0.79 .50
Non-ischemic dilated 1.53 .19
cardiomyopathy
Hypertrophic 0.24 17
cardiomyopathy
Arrhythmic disease 1.50 .35 1.83 .21

Abbreviations: OR, odds ratio.

caused by SARS-CoV2*>'2 and, thus, cannot be generalized to
larger spectrum of conditions, during the outbreak of a pandemic.
In the series of fatal cases of COVID-19 from Wuhan, China, a
high rate of arrhythmia was reported, leading to hypothesize that
COVID-19 may exacerbate underlying cardiovascular diseases.?
However, only a small minority of patients had malignant and fatal
cases of such complications.

No data are available on the cardiac effect of COVID-19 spread
among the general population and especially in patients with heart
disease. We hypothesized that subjects with an ICD could be the sub-
group at higher risk of arrhythmic manifestation of such a pandemic.

It is important to underscore that the Italian area considered in
the study, is one with the highest rate of infection and death for
COVID-19,"*** thus a population-based approach could be consid-
ered highly informative.

Since recent reports of higher incidence of cardiac arrest during
the COVID-19 period, also underscore that the rhythm of the
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Study period (2020) Reference period

-n=455 (2019) - n = 455 %2 P
45 (9.89%) 36 (7.91%) 1.09 .29
8(1.76%) 8 (1.76%) 0.00 1.00
42 (9.23%) 34 (7.47%) 0.92 .33
5(1.09%) 3(0.66%) 0.50 A8
8(1.75%) 6(1.31%) 0.29 .59
6(1.31%) 3(0.66%) 0.41 .52

presentation was more likely to be asystole or pulseless electrical
activity than ventricular rhythms,® our study reinforces the concept
that ventricular event is as likely as in previous periods of time.

Considering that hospital reports of cardiac abnormalities among
patients with COVID-19 are limited to subjects admitted to the in-
tensive care unit (ICU), it is unclear how important is the impact of
cardiovascular complication among nonhospitalized patients. The
presence of myocardial damage, eg, elevated cardiac troponin, in
patients with COVID-19 is reported as independent factors associ-
ated with mortality,*® but there is a substantial possibility that the
overestimation of cardiac involvement in such a condition maybe
attributed to studies focusing on very sick patients admitted to ICU
with COVID-19. So that, cardiac involvement maybe less severe
among asymptomatic and mildly symptomatic cases, that are missing
from most reports.

A growing body of recently published evidence found that sea-
sonal influenza pandemics could trigger acute coronary syndromes
and arrhythmias.'®*Y” Therefore, it has also been proposed that the
increment of underlying cardiovascular diseases may not be specific
to COVID-19, but a more general feature of seasonal viral infections.

The International community is giving high priority to support
cardiological practice in a setting of the disruption of previously de-
fined protocols, and, thus, knowledge of epidemiological data is of
seminal relevance.'®2° Previous reports underscore the importance
of device derived data analysis in monitoring the activity level of ICD
patients,21 the present study confirms the sensible reduction of ac-
tivity level during the pandemic.

The present study showed that, among the unselected consecu-
tive population of patients with an ICD, in a setting of high incidence
of disease caused by SARS-CoV2,?? the rate of ventricular arrhyth-
mias was not significantly higher. Possible speculative hypothesis of
the stable incidence in the two periods maybe also be related to rel-
atively stable conditions of cardiac patients at the very beginning of
the disruptive changing in health-care providing that occurred in the
period, which may become more relevant in the subsequent months
and years.?® Continuous monitoring of the phenomenon will give
in the future more information about the effect of the COVID-19
pandemic on cardiac health, including arrhythmic burden.

A number of limitations should be considered. First, the study
approach does not allow us to verify the actual incidence of clinically
relevant COVID-19 in the cohort. Nevertheless, our approach al-
lowed us to verify the phenomenon in a large sample and to account

for the effect of asymptomatic infections in one of the areas most
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affected by the COVID-19 pandemic. Furthermore, our approach al-
lowed us to assess the impact of the pandemic from a holistic stand-
point, which goes beyond the sole effect of viral activity. Second, we
considered only patients with an ICD implanted, generally because
considered at higher risk of ventricular arrhythmia due to under-
lying cardiac disease; this group may be one of the more carefully
followed-up by cardiologists and device specialists, as suggested by
the high proportion of antiarrhythmic drugs taken by patients in the
study. Fourth, we were unable to assess whether all patients suffer-
ing from COVID-19 were treated with the same pharmacological and

nonpharmacological therapy.

5 | CONCLUSIONS

The current study found that the incidence rate of any ventricu-
lar arrhythmia during the first 45 days of the COVID-19 pandemic
outbreak was 9.9% and only a minority of patients required therapy
from ICD. There was no evidence of a significant increase in the ar-
rhythmic burden during the study period if compared to the same
period in the previous year. The main predictor of arrhythmic events
was the previous history of any device therapy, especially within the

previous 12 months.

CONFLICT OF INTEREST
All authors report no conflict of interest.

ORCID

G. Malanchini https://orcid.org/0000-0002-5044-0069

REFERENCES

1. Kochi AN, Tagliari AP, Forleo GB, Fassini GM, Tondo C. Cardiac and
arrhythmic complications in patients with COVID-19 [published
online ahead of print, 2020 Apr 9]. J Cardiovasc Electrophysiol.
2020;31(5):1003-8. https://doi.org/10.1111/jce.14479

2. Lakkireddy DR, Chung MK, Gopinathannair R, Patton KK, Gluckman
TJ, Turagam M, et al. Guidance for cardiac electrophysiology during
the coronavirus (COVID-19) pandemic from the Heart Rhythm Society
COVID-19 Task Force; Electrophysiology Section of the American College
of Cardiology; and the Electrocardiography and Arrhythmias Committee
of the Council on Clinical Cardiology, American Heart Association [pub-
lished online ahead of print, 2020 Mar 31]. Circulation. 2020;141:e823-
31. https://doi.org/10.1161/CIRCULATIONAHA.120.047063

3. Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F, et al. Association of car-
diac injury with mortality in hospitalized patients with COVID-19
in Wuhan, China [published online ahead of print, 2020 Mar 25].
JAMA Cardiol. 2020;5:e200950. https://doi.org/10.1001/jamac
ardio.2020.0950

4. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical charac-
teristics of 138 hospitalized patients with 2019 novel coronavirus-
infected pneumonia in Wuhan, China [published online ahead
of print, 2020 Feb 7]. JAMA. 2020;323:€201585. https://doi.
org/10.1001/jama.2020.1585

5. Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, Castelli
A, et al. Baseline characteristics and outcomes of 1591 patients
infected with SARS-CoV-2 admitted to ICUs of the Lombardy
Region, Italy [published online ahead of print, 2020 Apr 6]. JAMA.
2020;323:€205394. https://doi.org/10.1001/jama.2020.5394

6. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Colvin MM,
et al. 2017 ACC/AHA/HFSA focused update of the 2013 ACCF/
AHA guideline for the management of heart failure: a report of
the American College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines and the Heart Failure
Society of America. Circulation. 2017;136(6):e137-61. https://doi.
org/10.1161/CIR.0000000000000509

7. Priori SG, Blomstrém-Lundqvist C, Mazzanti A, Blom N, Borggrefe
M, Camm J, et al. 2015 ESC Guidelines for the management of pa-
tients with ventricular arrhythmias and the prevention of sudden
cardiac death: The Task Force for the Management of Patients
with Ventricular Arrhythmias and the Prevention of Sudden
Cardiac Death of the European Society of Cardiology (ESC).
Endorsed by: Association for European Paediatric and Congenital
Cardiology (AEPC). Eur Heart J. 2015;36(41):2793-867. https://doi.
org/10.1093/eurheartj/ehv316

8. Al-Khatib SM, Stevenson WG, Ackerman MJ, Bryant WJ, Callans
DJ, Curtis AB, et al. 2017 AHA/ACC/HRS guideline for manage-
ment of patients with ventricular arrhythmias and the preven-
tion of sudden cardiac death: a report of the American College
of Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines and the Heart Rhythm Society [published cor-
rection appears in J Am Coll Cardiol. 2018 Oct 2;72(14):1760]. J
Am Coll Cardiol. 2018;72(14):e91-€e220. https://doi.org/10.1016/j.
jacc.2017.10.054

9. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats
AJS, et al. 2016 ESC Guidelines for the diagnosis and treatment of
acute and chronic heart failure: The Task Force for the diagnosis
and treatment of acute and chronic heart failure of the European
Society of Cardiology (ESC) developed with the special contri-
bution of the Heart Failure Association (HFA) of the ESC [pub-
lished correction appears in Eur Heart J. 2016 Dec 30]. Eur Heart
J. 2016;37(27):2129-200.  https://doi.org/10.1093/eurheart;j/
ehw128

10. Madjid M, Connolly AT, Nabutovsky Y, Safavi-Naeini P, Razavi M,
Miller CC. Effect of high influenza activity on risk of ventricular
arrhythmias requiring therapy in patients with implantable cardiac
defibrillators and cardiac resynchronization therapy defibrillators.
Am J Cardiol. 2019;124(1):44-50. https://doi.org/10.1016/j.amjca
rd.2019.04.011

11. RussoV, Solimene F, Zanotto G, Pisano EC, Della Bella P, lacopino S,
et al. Seasonal trend of ventricular arrhythmias in a nationwide re-
mote monitoring database of implantable defibrillators and cardiac
resynchronization devices. Int J Cardiol. 2019;275:104-6. https://
doi.org/10.1016/j.ijcard.2018.10.025

12. DuY, Tu L, Zhu P, Mu M, Wang R, Yang P, et al. Clinical features
of 85 fatal cases of COVID-19 from Wuhan: a retrospective obser-
vational study. Am J Respir Crit Care Med. 2020;201(11):1372-9.
https://doi.org/10.1164/rccm.202003-05430C

13. Spina S, Marrazzo F, Migliari M, Stucchi R, Sforza A, FumagalliR. The
response of Milan's Emergency Medical System to the COVID-19
outbreak in Italy. Lancet. 2020;395(10227):e49-e50. https://doi.
org/10.1016/50140-6736(20)30493-1

14. Nacoti M, Ciocca A, Giupponi A. At the epicenter of the Covid-19
pandemic and humanitarian crises in italy: changing perspectives
on preparation and mitigation. NEJM Catlyst, Vol. No. | March 21,
2020. https://doi.org/10.1056/CAT.20.0080

15. Lai PH, Lancet EA, Weiden MD, Webber MP, Zeig-Owens R, Hall
CB, et al. Characteristics associated with out-of-hospital cardiac ar-
rests and resuscitations during the novel coronavirus disease 2019
pandemic in New York City [published online ahead of print, 2020
Jun 19]. JAMA Cardiol. 2020;5:e202488. https://doi.org/10.1001/
jamacardio.2020.2488

16. Inciardi RM, Lupi L, Zaccone G, Italia L, Raffo M, Tomasoni D, et al.
Cardiac involvement 1 with coronavirus 2019 (COVID-19) infection.


https://orcid.org/0000-0002-5044-0069
https://orcid.org/0000-0002-5044-0069
https://doi.org/10.1111/jce.14479
https://doi.org/10.1161/CIRCULATIONAHA.120.047063
https://doi.org/10.1001/jamacardio.2020.0950
https://doi.org/10.1001/jamacardio.2020.0950
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.5394
https://doi.org/10.1161/CIR.0000000000000509
https://doi.org/10.1161/CIR.0000000000000509
https://doi.org/10.1093/eurheartj/ehv316
https://doi.org/10.1093/eurheartj/ehv316
https://doi.org/10.1016/j.jacc.2017.10.054
https://doi.org/10.1016/j.jacc.2017.10.054
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1016/j.amjcard.2019.04.011
https://doi.org/10.1016/j.amjcard.2019.04.011
https://doi.org/10.1016/j.ijcard.2018.10.025
https://doi.org/10.1016/j.ijcard.2018.10.025
https://doi.org/10.1164/rccm.202003-0543OC
https://doi.org/10.1016/S0140-6736(20)30493-1
https://doi.org/10.1016/S0140-6736(20)30493-1
https://doi.org/10.1056/CAT.20.0080
https://doi.org/10.1001/jamacardio.2020.2488
https://doi.org/10.1001/jamacardio.2020.2488

MALANCHINI ET AL.

17.

18.

19.

20.

21.

JAMA Cardiol. 2020;5(7):819-24. https://doi.org/10.1001/jamac
ardio.2020.1096

Madjid M, Safavi-Naeini P, Solomon SD, Vardeny O. Potential ef-
fects of coronaviruses on the cardiovascular system: a review.
JAMA Cardiol. 2020;5(7):831. https://doi.org/10.1001/jamac
ardio.2020.1286

ESC guidance for the diagnosis and management of CV disease
during the COVID-19 pandemic. https://www.escardio.org/Educa
tion/COVID-19-and-Cardiology/ESC-COVID-19-Guidance

Driggin E, Madhavan MV, Bikdeli B, Chuich T, Laracy J, Biondi-
Zoccai G, et al. Cardiovascular considerations for patients, health
care workers, and health systems during the coronavirus disease
2019 (COVID-19) pandemic [published online ahead of print,
2020 Mar 18]. J Am Coll Cardiol. 2020;75:2352-71. https://doi.
org/10.1016/j.jacc.2020.03.031

Migliore F, Zorzi A, Gregori D, Del Monte A, Falzone PV, Verlato R,
et al. Urgent pacemaker implantation rates in the Veneto Region of
Italy after the COVID-19 outbreak [published online ahead of print,
2020 May 20]. Circ Arrhythm Electrophysiol. 2020;13. https://doi.
org/10.1161/CIRCEP.120.008722

Malanchini G, Malacrida M, Ferrari P, Leidi C, Ferrari G, Racheli
M, et al. Impact of the coronavirus disease-19 outbreak on physi-
cal activity of patients with implantable cardioverter defibrillators.
J Card Fail. 2020;26(10):898-9. https://doi.org/10.1016/j.cardf
ail.2020.08.005

Sowwnal of O%z/?yf/f/lufm_wl LEYJﬂ

22. DipartimentodellaProtezione Civile, COVID-19 Italia- Monitoraggio
della situazione. ; http://opendatadpc.maps.arcgis.com/apps/opsda
shboard/index.html#/b0c68bce2cce478eaac82fe38d4138b1htt
ps://github.com/pcm-dpc/COVID-19/blob/master/dati-province/
dpc-covid19-ita-province-20200225.csv

23. Fersia O, Bryant S, Nicholson R, McMeeken K, Brown C, Donaldson
B, et al. The impact of the COVID-19 pandemic on cardiology ser-
vices. Open Heart. 2020;7:e001359. https://doi.org/10.1136/
openhrt-2020-001359

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Malanchini G, Ferrari P, Leidi C, et al.
Ventricular arrhythmias among patients with implantable
cardioverter-defibrillator during the COVID-19 pandemic. J
Arrhythmia. 2021;37:407-413. https://doi.org/10.1002/
joa3.12518



https://doi.org/10.1001/jamacardio.2020.1096
https://doi.org/10.1001/jamacardio.2020.1096
https://doi.org/10.1001/jamacardio.2020.1286
https://doi.org/10.1001/jamacardio.2020.1286
https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance
https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance
https://doi.org/10.1016/j.jacc.2020.03.031
https://doi.org/10.1016/j.jacc.2020.03.031
https://doi.org/10.1161/CIRCEP.120.008722
https://doi.org/10.1161/CIRCEP.120.008722
https://doi.org/10.1016/j.cardfail.2020.08.005
https://doi.org/10.1016/j.cardfail.2020.08.005
http://opendatadpc.maps.arcgis.com/apps/opsdashboard/index.html#/b0c68bce2cce478eaac82fe38d4138b1https://github.com/pcm-dpc/COVID-19/blob/master/dati-province/dpc-covid19-ita-province-20200225.csv
http://opendatadpc.maps.arcgis.com/apps/opsdashboard/index.html#/b0c68bce2cce478eaac82fe38d4138b1https://github.com/pcm-dpc/COVID-19/blob/master/dati-province/dpc-covid19-ita-province-20200225.csv
http://opendatadpc.maps.arcgis.com/apps/opsdashboard/index.html#/b0c68bce2cce478eaac82fe38d4138b1https://github.com/pcm-dpc/COVID-19/blob/master/dati-province/dpc-covid19-ita-province-20200225.csv
http://opendatadpc.maps.arcgis.com/apps/opsdashboard/index.html#/b0c68bce2cce478eaac82fe38d4138b1https://github.com/pcm-dpc/COVID-19/blob/master/dati-province/dpc-covid19-ita-province-20200225.csv
https://doi.org/10.1136/openhrt-2020-001359
https://doi.org/10.1136/openhrt-2020-001359
https://doi.org/10.1002/joa3.12518
https://doi.org/10.1002/joa3.12518

