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Abstract

Background: In Italy, a nationwide full lockdown was declared between March and

May 2020 to hinder the novel coronavirus disease 2019 (COVID-19) pandemic. The

potential individual health effects of long-term isolation are largely unknown. The cur-

rent study investigated the arrhythmic consequences of the COVID-19 lockdown in

patients with defibrillators (ICDs) living in the province of Ferrara, Italy.

Methods: Both the arrhythmias and the delivered ICD therapies as notified by the

devices were prospectively collected during the lockdown period (P1) and compared

to those occurred during the 10weeks before the lockdown began (P2) and during the

same period in 2019 (P3). Changes in outcome over the three study periods were eval-

uated for significance usingMcNemar’s test.

Results: A total of 413 patients were included in the analysis. No differences were

found concerning either arrhythmias or shocks or anti-tachycardia pacing. Only the

number of patients experiencing non-sustained ventricular tachycardias (NSVTs) dur-

ing P1 significantly decreased as compared to P2 (p = 0.026) and P3 (p = 0.009). The

subgroup analysis showed a significant decrease in NSVTs during P1 for men (vs. P2,

p= 0.014; vs. P3, p= 0.040) and younger patients (vs. P2, p= 0.002; vs. P3, p= 0.040)

and for ischemic etiology (vs. P2, p= 0.003). No arrhythmic deaths occurred during P1.

Conclusions: The complete nationwide lockdown, as declared by the Italian govern-

ment during the first COVID-19 pandemic peak, did not impact on the incidence of

arrhythmias in an urban cohort of patients with ICDs.
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1 INTRODUCTION

The first cases of severe acute respiratory syndrome-coronavirus-2

(SARS-CoV-2) infection were reported in late 2019 in China and the

novel coronavirus disease (COVID-19) began to take on the char-

acteristics of a pandemic beginning in March 2020. Italy was the
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first European country overwhelmed by COVID-19. Since COVID-19

was spreading rapidly in late February 2020, the Italian government

declared a nationwide lockdown between March 9th and May 18th,

2020 in efforts to contain human-to-human virus transmission and to

prevent a collapse of the health care system. The enforced restric-

tive social measures and themandatory in-home confinement formost

Italian residents raised concerns about the ability to maintain well-

established favorable effects of a healthy lifestyle in patients with car-

diovascular disease.

While COVID-19 has been frequently associated with a high inci-

dence of both atrial and ventricular arrhythmias,1,2 the potential

effects of long-term isolation on the incidence of cardiac arrhythmias

are largely unknown.

Implantable cardioverter-defibrillators (ICDs) represent a unique

tool for continuousmonitoringof cardiac rhythm inpatients at high risk

for sudden cardiac death. The current multicenter study investigated

the arrhythmic consequences of the lockdown in a cohort of patients

with ICDs in Ferrara, a northern Italian urban province that has been

heavily affected by the COVID-19 pandemic.

2 METHODS

We performed a multicenter cohort study including all patients

aged > 18 years who underwent ICD implantation for primary or sec-

ondary prevention of sudden death before March 9th, 2019 and who

were still alive onMarch 9th, 2020. The routine use of remotemonitor-

ing of cardiac implantable electronic devices has been strongly recom-

mended in the context of the COVID-19 pandemic, in order to avoid at

the most the in-person visits at the device referral centers.3 Accord-

ingly, all patients were required to have remote follow-up by home-

monitoring technology at the cardiology centers of the public hos-

pitals of Ferrara. Ferrara is a northern Italian province of the Emilia

Romagna region, one of the areas most affected by the novel coron-

avirus pandemic. Both the arrhythmic events and the delivered ICD

therapies as notified by the device were prospectively collected dur-

ing the lockdown (study period 1, P1) and compared to those occurred

during the 10 weeks before the lockdown began (study period 2, P2)

and during the corresponding period across March-May 2019 (study

period 3, P3). Accordingly, patients who underwent ICD implantation

after March 9th, 2019 were excluded from the analysis. We compared

P1 initially with P2 to investigate any abrupt change in arrhythmic

event rate, then with P3 to determine any effect related to the well-

known seasonal fluctuation of arrhythmic risk. The three aforemen-

tioned study periods were compared for the following ICD event noti-

fications: ventricular tachycardias (VT) of ≥3 consecutive ventricular

complexes at rate> 100 bpm terminating spontaneously, detected and

stored as “monitor” events; shock therapy or anti-tachycardia pacing

(ATP) delivered appropriately - according to device programming - for

terminating ventricular arrhythmias; inappropriate shocks delivered

for cardiac rhythm-related problems (e.g. atrial fibrillation); and new

episodes of sustained (> 30 s) supraventricular arrhythmias. Further,

untreated (i.e., monitor) VTs were divided into non-sustained (NSVT)

TABLE 1 Demographic and clinical characteristics of the study
patients (n= 413)

Variables Mean± SD or n (%)

Age, years 70±13

Male 313 (76)

Ischemic etiology 201 (49)

NYHA functional class

I 191 (46)

II 181 (44)

III 36 (9)

IV 5 (1)

History of atrial fibrillation 123 (30)

Left ventricular ejection

fraction, %

37± 12

Device type

ICD 247 (60)

CRT-D 166 (40)

CRT-D, cardiac resynchronization therapy with defibrillator back-up; ICD,

implantable.

cardioverter-defibrillator; NYHA, NewYork Heart Association.

or sustained VT, defined as lasting ≤ 30 s or > 30 s, respectively. Any

death occurring during the lockdown was also recorded. Patients who

were diagnosed with COVID-19 by nasopharyngeal swab during P1

were excluded from the analysis. This study was approved by the local

Internal Review Board and involves three hospitals in the province of

Ferrara, Italy.

Statistical analyses were performed using Stata 13.1 (Stata Corp.,

College Station, TX, 2014). Changes in outcomes throughout the three

study periods were evaluated for significance using McNemar’s test.

Significance was defined as a two-tailed test with p < 0.05 for all

analyses.

3 RESULTS

A total of 414 patientswho underwent ICD implantation beforeMarch

9th, 2019 and who were still alive on March 9th, 2020 were included.

Of the initial study population, one patient was excluded from the

analysis owing to a definitive diagnosis of COVID-19. Demographic

and clinical characteristics of patients are shown in Table 1. Briefly,

patients had a mean age of 70 ± 13 years and 76% were male; the eti-

ology of cardiomyopathy was ischemic in 49% of patients and 40% of

ICDs had cardiac resynchronization therapy capability. Medical ther-

apy, including β-blockers, angiotensin-converting enzyme inhibitors or

angiotensin receptor blockers, loop diuretics and antialdosteronics, did

not differ during the analysis periods (Table 2).

During P1 the number of patients showing at least one notified

arrhythmic event by the device was mildly lower than during P2 and

P3 (n = 66 [16%], n = 83 [20%] and n = 81[20%], respectively). As

shown in Figure 1, no differences were found in the prevalence of

reported ventricular arrhythmias, except for the number of patients
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TABLE 2 Medication therapy of the 413 study patients in each of the three selected periods

Number of patients (%)

Drug Mar-May 2019 Dec 2019 - Feb 2020

Mar-May

2020

β-blockers 376 (91) 370 (90) 371 (90)

ACEIs/ARBs 321 (78) 333 (81) 325 (79)

Loop diuretics 291 (70) 283 (69) 279 (68)

MRAs 197 (48) 181 (44) 183 (44)

Medication therapy, for each indicated drug group, resulted not significantly different during the three selected periods as all p-values were> 0.05 and they

have not been shown to avoid redundancy.

ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; Dec, December; Feb, February;Mar,March;MRAs,mineralocorticoid

receptor antagonists.

F IGURE 1 Events notified by implantable cardioverter-defibrillators in each of the three selected study periods. Non-sustained VT refers to
detected, untreated and stored ventricular tachycardia lasting≤ 30 s. Sustained VT refers to detected, spontaneously terminated and stored
ventricular tachycardia lasting> 30 s. † McNemar’s test: P1 versus P3, p= 0.026 and P1 versus P2, p= 0.009. All other p-values were not significant
(> 0.05), and they have not been shown to avoid redundancy. Dec, December; Feb, February; Mar, March; VT, ventricular tachycardia

experiencing NSVTs, which decreased by roughly 33% as compared to

bothP2 (p=0.009) andP3 (p=0.026). Subgroup analysis showed a sig-

nificant decrease in NSVTs during P1 for men (vs. P2, p= 0.014; vs. P3,

p = 0.040) and younger patients (< 75 years, vs. P2, p = 0.002; vs. P3,

p=0.041) and for ischemic etiology (vs. P2,p=0.003) (Table3).Wealso

foundnosignificantdifference concerning the incidenceof SVAsduring

the lockdown period (5.6%) compared to the same period of the pre-

vious year (6.1%) or the same amount of time immediately preceding

the lockdown (5.6%).Our results have not changed even after including

the only episode of inappropriate shocks delivered for new-onset atrial

fibrillation that occurred during the lockdown period. Three patients

died during the lockdown; the deceased patients experienced neither

arrhythmic nor COVID-19-related deaths.

4 DISCUSSION

A growing number of governments across the world have mandated

various forms of isolation in efforts to hinder the spread of the COVID-

19pandemic. In earlyMarch2020, the Italian government declared the

total lockdown to be applied to the whole national territory, then to

the province of Ferrara as well. Several compulsory restrictions were

applied indiscriminately to the general population for 69 days, with a

hard impact on the social and economic country life. According to the

definitions proposed by Haider et al.4 the Italian lockdown consisted

of four main interventions: firstly, the geographic containment across

the entire country, banning any non-essential movements in and out of

the municipality of residence, with exceptions only for necessary com-

modities (e.g., the flow of food) and employments (e.g., medical assis-

tance, public security); secondly, the forced in-home confinement, halt-

ing any outdoor activities except those essential (e.g., shopping for food

supply); thirdly, the absolute prohibition of crowding and gatherings of

people, including funerals and sporting events at any level; fourthly, clo-

sure of schools and universities, religious venues, shops and premises,

with rare exemptions to be applied to essential businesses and strate-

gic industries (e.g. pharma and food processing). Our data showed no

increase of both atrial and ventricular arrhythmias or delivered ICD

therapies during the lockdown period as compared to either the 10-

week period before the lockdown began or the corresponding period

in 2019.
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TABLE 3 Patients with non-sustained ventricular tachycardia episodes notified by remotemonitoring in each of the three selected periods,
according to demographic and clinical variables

Variable

Mar-May 2019%

(n)

Dec 2019-Feb

2020% (n)

Mar-May 2020%

(n) p-value

Gender

Females (n= 100) 14.1 (14) 14.1 (14) 10.0 (10) ns

Males (n= 313) 14.1 (44) 14.9 (46) 9.8 (30) 0.040A;

0.014B

Age-class

<75 years

(n= 248)

13.8 (34) 16.6 (41) 9.0 (22) 0.041A;

0.002B

≥75 years

(n= 165)

14.6 (24) 11.8 (19) 11.2 (18) ns

Etiology of

cardiomyopathy

Non-ischemic

(n= 212)

11 (24) 16 (34) 8 (17) 0.003B

Ischemic (n= 201) 16 (34) 13 (26) 11 (23) ns

Device type

ICD (n= 247) 15 (37) 15 (36) 11 (26) ns

CRT-D (n= 166) 13 (21) 14 (24) 8 (14) ns

†McNemar’s test:
AMar-May 2020 versusMar-May 2019;
BMar-May 2020 versusDec 2019-Feb 2020. All other p-values were not significant (> 0.05).

CRT-D, cardiac resynchronization therapywith defibrillator back-up; ICD, implantable cardioverter-defibrillator; Dec,December; Feb, February;Mar,March;

ns, not significant.

It is assumed that the lockdown has negatively impacted lifestyles

and mental health. Sedentary behavior, unhealthy diet, higher rate

of smoking, greater alcohol intake, and less optimal medical therapy

have been reported in Western countries that have adopted tem-

porary lockdown strategies to counteract COVID-19 spread during

the sharp rise in the pandemic.5 In addition, a negative psychological

impact has been documented in socially marginalized subjects during

COVID-19 quarantine.6 Fear of contagion or job loss with prolonged

social isolation and economic concerns are common causes of mood

disorders, mostly represented by traits or symptoms of depression and

anxiety, especially in younger adults. Several reports have documented

a causal relationship between acute mental stress and ventricular

arrhythmias.7,8 However, the literature is controversial regarding

the existence of a clear relationship between depression or anxiety

and the incidence of cardiac arrhythmias in ICD patients.9–14 Also,

how these factors act as potential triggers for cardiac arrhythmias

remains unclear. Likewise, evidence derived from population-wide

major catastrophic events is inconsistent regarding the triggering

effect of stress on ventricular arrhythmias in patients with ICD.15–17

While acknowledging that mental stressors might have been highly

prevalent in our patients during the lockdown, we did not observe any

increase in arrhythmic events or delivered ICD therapies.

Finally, limited opportunities to perform physical activity as a con-

sequence of themandatory in-home confinement have raised concerns

for the maintenance of the well-established favorable effects of physi-

cal activity on cardiovascular risk.18 Light-to-moderate exercise train-

ing programs in ICD recipients have resulted in similar benefits as

those in other patients with cardiovascular disease.19–22 Accordingly,

personalized programs for keeping physically active during the lock-

down are strongly recommended, especially for older patients.23 We

recently analyzed data acquired by embedded accelerometer sensors

as part of the rate-responsive pacing systems. In these ICD patients,

whose movements were restricted as a consequence of the lockdown,

a decrease of daily physical activity of 25% was observed.24 However,

this reduction in physical activity did not translate into a higher preva-

lence of cardiac arrhythmias in our sample. We can speculate that a

decline in physical activity in an already poorly trained ICD patient

population might not have been of clinical significance. Moreover, a

10-week period may not have been long enough to result in a clini-

cally significant loss of metabolic, cardiovascular and musculoskeletal

conditioning.

A significant decrease in NSVT was observed for men, younger

patients and those with ischemic cardiomyopathy. Since younger male

patients represented the largest number of subjects still working in our

sample, it is possible that during the stay-at-homeorder the forced rest

hasmitigated the job-related stress somewhat. A relationship between

psychological stress and NSVTs has been demonstrated, especially

in ischemic patients, likely through an increase in adrenergic tone.25

Additionally, recent data from an online social media-based survey of

135 individuals reporteda significant increaseof sleepdurationby11%
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during the stay-at-home order.26 Noteworthy, men showed a greater

increase in the duration of sleep thanwomen. Since sleep deprivation is

an independent risk factor for cardiovascular disease,27 and improve-

ment in sleep habits during the lockdown might have had a positive

health impact on our patients.

Importantly, the only previous study on the topic, which included a

cohort of 5963 ICDpatients from20USAcenters, followedover a 100-

day period during the pandemic, showed a significant decline in the

risk of ventricular arrhythmias (VT or ventricular fibrillation) requiring

device therapy.28 In contrast, we only found a non-significant reduc-

tion. The most likely explanation for the observed discrepancy lays in

the shorter length of the follow-up and smaller sample size. O’Shea

and Colleagues observed a progressive reduction of incident ventric-

ular arrhythmias during a 14-week lockdown period: during the first

week, 1923 (11.4%) episodes were recorded, as compared to 482 in

the final week. Since our follow-up lasted only 10 weeks, we may have

missed a large amount of the reduction. This, combined with the sub-

stantially smaller sample of this study, as compared with the US one

(414 vs. 5963 patients, respectively), may have determined the lack

of significance of the decrease in either sustained VTs or appropri-

ate device therapy (ATP or shock) for ventricular arrhythmias in our

study.

This study has potential limitations. Firstly, our data were partly

retrospective. Secondly, the short study period certainly represents

a limitation, however the extension of the study period beyond the

end of the national lockdown periodwould have introduced an unmea-

sured bias related to the possibility of moving within the country bor-

ders and the resumption of physical activity which may have impacted

the arrhythmic burden in ICD patients. Thirdly, we did not systemati-

cally assess either the mental health or sleep patterns or other health

outcomes thus any conclusion on the association between pandemic-

related psychological disorders or sleep habits and arrhythmic events

remainsmerely speculative. Finally, the presence of possible confound-

ing factors (e.g., individual training level, type of diet, alcohol intake)

was not analyzed, thus making it difficult to draw definitive conclu-

sions. Owing to these limitations, we are aware that our analysis

remains descriptive in nature and should be considered hypothesis-

generating, opening the path for further studies and mechanistic

research.

5 CONCLUSION

At present, the impact of restrictive lockdown measures in response

to COVID-19 on the arrhythmic event rate in patients with car-

diac implantable electronic devices is largely unknown. We reported

on the arrhythmic consequences of the total lockdown to contain

the COVID-19 outbreak, in an urban cohort of patients with ICDs.

The abrupt and enforced temporary in-home confinement, as man-

dated by the national lockdown in Italy, was not associated with

increased risk of either cardiac arrhythmias or delivered device

therapies.
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