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Aims Our objective was to determine the ventricular arrhythmia burden in implantable cardioverter-defibrillator (ICD)
patients during COVID-19.

...................................................................................................................................................................................................
Methods
and results

In this multicentre, observational, cohort study over a 100-day period during the COVID-19 pandemic in the USA,
we assessed ventricular arrhythmias in ICD patients from 20 centres in 13 states, via remote monitoring.
Comparison was via a 100-day control period (late 2019) and seasonal control period (early 2019). The primary
outcome was the impact of COVID-19 on ventricular arrhythmia burden. The secondary outcome was correlation
with COVID-19 incidence. During the COVID-19 period, 5963 ICD patients underwent remote monitoring, with
16 942 episodes of treated ventricular arrhythmias (2.8 events per 100 patient-days). Ventricular arrhythmia bur-
den progressively declined during COVID-19 (P < 0.001). The proportion of patients with ventricular arrhythmias
amongst the high COVID-19 incidence states was significantly reduced compared with those in low incidence
states [odds ratio 0.61, 95% confidence interval (CI) 0.54–0.69, P < 0.001]. Comparing patients remotely moni-
tored during both COVID-19 and control periods (n = 2458), significantly fewer ventricular arrhythmias occurred
during COVID-19 [incident rate ratio (IRR) 0.68, 95% CI 0.58–0.79, P < 0.001]. This difference persisted when
comparing the 1719 patients monitored during both the COVID-19 and seasonal control periods (IRR 0.69, 95%
CI 0.56–0.85, P < 0.001).

...................................................................................................................................................................................................
Conclusions During COVID-19, there was a 32% reduction in ventricular arrhythmias needing device therapies, coinciding with

measures of social isolation. There was a 39% reduction in the proportion of patients with ventricular arrhythmias
in states with higher COVID-19 incidence. These findings highlight the potential role of real-life stressors in ven-
tricular arrhythmia burden in individuals with ICDs.

...................................................................................................................................................................................................
Trial
registration

Australian New Zealand Clinical Trial Registry; URL: https://www.anzctr.org.au/; Unique Identifier:
ACTRN12620000641998
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Introduction

The coronavirus disease 2019 (COVID-19) was identified in Wuhan,
China in December 2019,1 with the first case of COVID-19 in the USA
confirmed on 21 January 2020.2 A surge in cases in the USA ensued, fol-
lowed by implementation of various public health interventions
designed to reduce viral transmission, including social distancing, clo-
sures of schools and non-essential business, stay-at-home orders,
and—in some cases—quarantine.3 To date, the COVID-19 pandemic
has infected >5 million people and claimed >160 000 lives in the USA
as of mid-August 2020.4 In addition, the pandemic has affected the day-
to-day lives of millions, through a combination of the effects of enforced
social distancing and lockdown, a surge in unemployment, larger eco-
nomic impacts, and the methods by which healthcare is accessed.

Ventricular arrhythmias (VAs) are more likely to occur in settings
associated with increased sympathetic tone, including physical activity,
illness, and emotional distress.5 Historically, we have seen significant
world events coinciding with a substantial rise in myocardial infarc-
tions (MIs) as well as VAs and the need for implantable cardioverter-
defibrillator (ICD) therapies.6–11 The health consequences of such
events may be long lasting, with documented increases in MIs up to 3
years following earthquakes and tsunamis.12 Interestingly, a decline in
hospitalization for cardiovascular-related illness during COVID-19 has
been documented in multiple countries, seemingly attributable to
fewer acute coronary syndrome (ACS) presentations.13–17

Patients with an ICD are at greater risk of VAs and sudden cardiac
death. We hypothesized that the COVID-19 period would be

associated with a greater burden of VAs. We sought to apply remote
monitoring technology to assess the impact of the coronavirus pan-
demic on VA burden in ICD patients.

Methods

Study cohort and data source
This is a multicentre cohort study. The study cohort included all
patients with an ICD receiving remote monitoring via PaceMateTM, a
vendor-neutral service providing monitoring to a broad outpatient
demographic, inclusive of hospital-based and community-based device
clinics, across multiple states in the USA. This was an investigator-
initiated study with data obtained from PaceMate LIVETM, a software
system with automatic integration of all remote monitoring transmis-
sions and alerts from multiple device vendor platforms, streamlined
into a single user interface. The study evaluated all patients receiving
remote monitoring during the 100 days following identification of the
first COVID-19 case in the USA (COVID-19 period: 21 January to 29
April 2020 inclusive).

The study was reviewed and approved by the Human Research
Ethics Committees of the Royal Adelaide Hospital and the University
of Adelaide, Adelaide, Australia. The study was registered with the
Australia and New Zealand Clinical Trials Registry
(ACTRN12620000641998).

Control groups
For comparison, two further 100-day periods in 2019 were included. The
first was for determining the direct impact of the COVID-19 period and
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.used a 100-day period in late 2019 (control period: 12 September to 20
December 2019 inclusive, after excluding the Christmas period). The se-
cond was to control for potential seasonal variations in VA burden and
used the same period in 2019 (seasonal control period: 21 January to 30
April 2019 inclusive).

Study design
Analysis of the primary study cohort was designed to demonstrate the
burden of VAs during the COVID-19 pandemic, and to compare VA bur-
den between states according to COVID-19 incidence. All patients with
an ICD [standard ICD, cardiac re-synchronization therapy with defibrilla-
tor (CRT-D), or subcutaneous defibrillator (S-ICD)] who received re-
mote monitoring during the COVID-19 period, following the first
confirmed case of COVID-19 in the USA, were included in the analysis (n
= 5963; Figure 1). Patients who transmitted at least one arrhythmia epi-
sode for VA [ventricular fibrillation (VF) or ventricular tachycardia (VT)]
needing device therapy were identified.

Episode classification occurred according to the arrhythmia adjudica-
tion algorithms of each defibrillator model, combined with programmed
arrhythmia detection thresholds at the treating physician’s discretion. All
current ICDs monitored by PaceMate transmit automatically if alert
thresholds are met, and thus, depending on alert programming, VA epi-
sodes were automatically transmitted, providing that the patient’s remote
monitor was connected. Further, all ICDs were programmed for a sched-
uled download every 30–90 days (variable time frame as per physician
preference), with a standard follow-up via phone call for any patient not
transmitting according to their schedule, to ensure compliance. Upon re-
ceipt, all ICD alerts and transmissions were adjudicated by cardiac device
specialists certified by the International Board of Heart Rhythm
Examiners. The VA burden was determined across all monitoring sites,
divided into their respective states, and correlated with per state
COVID-19 incidence.

Analysis of the secondary study cohort was designed to determine the
impact of the pandemic on VA occurrence, by assessment of VA burden
during the COVID-19 period in comparison with a 100-day period in the
months prior to the pandemic (control period, late 2019). The secondary

cohort included all patients with an ICD who received remote monitor-
ing during both the COVID-19 period and the control period (n = 2458;
Figure 1), allowing for a paired analysis with direct comparison. Analysis of
the tertiary cohort was designed to determine the presence of significant
seasonal variations, by assessment of VA burden during the COVID-19
period in comparison with the identical 100-day period 1 year previously
(seasonal control period, early 2019). Again, to allow direct comparison,
only patients who underwent remote monitoring during both the
COVID-19 period and the seasonal control period (n = 1719; Figure 1)
were included in this analysis.

COVID-19 infection incidence
The 100-day COVID-19 incidence per 10 000 people per state was
obtained via COVID-19 case data from the United States Centers for
Disease Control and Prevention website2 and population data from the
United States Census Bureau.18 The number of infections per state as at
29 April (end of the 100-day COVID-19 study monitoring period) was
recorded. For the purposes of our analysis, states were classified as either
high COVID-19 incidence (>_15 COVID cases per 10 000) or low
COVID-19 incidence (<15 COVID cases per 10 000).

Study outcomes
The primary outcomes of the study were the VA burden in ICD patients
during the COVID-19 pandemic, and the impact of the pandemic on VA
burden, as determined by comparison with two time periods in the pre-
ceding year. The secondary outcome was the association of VA burden
with COVID-19 infection incidence per state.

Statistical analysis

The summary statistics are presented as frequencies and percentages,
and continuous variables as mean [standard deviation (SD)] or median
[interquartile range (IQR)]. Paired data regarding VAs from patients
undergoing monitoring in both the COVID-19 period and control
periods were analysed using McNemar’s v2 test. We used univariable
and multivariable negative binomial regression analyses to compare

Figure 1 CONSORT figure demonstrating the breakdown of the remote monitoring population and VA episodes in each period: COVID-19
period, control period, and seasonal control period.
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the incidence of VA episodes adjusted for patient age and geographic-
al location (US state) to derive incident rate ratios (IRRs) with 95%
confidence intervals (CIs). The state with the lowest COVID-19 inci-
dence was considered as the reference group to estimate the IRR for
primary events. We evaluated the association between incidence of
VAs and COVID-19 incidence per state using logistic regression and
reported odd ratios (ORs) with 95% CIs. A two-sided P-value of
<0.05 was considered statistically significant. All statistical analyses
were performed using Stata 16 (StataCorp LLC, TX, USA).

Results

Study population
During the COVID-19 period, 5963 ICD patients, representing
20 centres from 13 states, were being remotely monitored via
PaceMateTM. The cohort included 2976 (49.9%) standard ICDs,
2899 (48.6%) CRT-Ds, and 88 (1.5%) S-ICDs (Figure 1). The
average patient age was 69 ± 12 years. Details of the number
of patients monitored per state and device types are provided
in Figure 2 and in the Supplementary material online, Tables S1
and S2.

Of the 5963 patients receiving remote monitoring during the
COVID-19 period, we identified all ICD patients who had also under-
gone remote monitoring during the control period (n = 2458), and
included them in the analysis determining the impact of COVID-19
on VA burden. These 2458 patients represented 15 centres in nine
states. The cohort consisted of 1226 (49.9%) standard ICDs, 1204
(49.0%) CRT-Ds, and 28 (1.1%) S-ICDs (Figure 1). The average pa-
tient age was 69 ± 12 years.

Of the 5963 patients monitored during the COVID-19 period, we
identified all patients who had also undergone remote monitoring
during the seasonal control period (n = 1719) and included them in

the analysis to determine the presence of significant seasonal vari-
ation. These 1719 patients represented 14 centres in eight states.
The cohort consisted of 882 (51.3%) standard ICDs, 820 (47.7%)
CRT-Ds, and 17 (1.0%) S-ICDs (Figure 1). The average patient age
was 68 ± 12 years.

COVID-19 burden per state
The number of confirmed COVID-19 cases per monitored state,4

state population, and 100-day COVID-19 incidence per state as at 29
April 2020 is detailed in Figure 2 and Supplementary material online,
Figure S1 and Table S3).

Ventricular arrhythmia burden during
COVID-19
During the COVID-19 period, there were 16 942 VA episodes need-
ing device therapies (Figure 1). This translated to 2.8 episodes per 100
patient-days. Figure 2B and Supplementary material online Figure S2
and Table S4 provide details regarding episodes per state. The
COVID-19 period was divided into 14 distinct weeks and demon-
strated a significant progressive reduction in events during the 100-
day time frame (P < 0.001). During the first week, 1923 (11.4%) VA
episodes were transmitted, reducing to 482 (2.8%) episodes in the
final week (Figure 3). Implementation dates of governor-issued stay-
at-home orders per state were noted. The lowest VA episode rates
followed application of stay-at-home orders, which occurred in
weeks 9–11, depending on the individual state19 (Figures 3 and 4B;
Supplementary material online, Figures S3 and S4). There were no
programming changes for VF or VT detection in 99.2% and 95%, re-
spectively, during the COVID-19 period (Supplementary material on-
line, Appendix).

Figure 2 (A) The map of the USA colour coded for the prevalence of COVID-19 infection on 29 April 2020. Also shown are the states with
centres undertaking remote monitoring services through PaceMateTM. The figure is colour coded to show the number of patients being monitored
with implantable cardioverter-defibrillators suitable for the study population. (B) The number of VAs per patient being monitored during the
COVID-19 period in the various states. Note the relatively reduced VA burden in regions with a high prevalence of COVID-19 infection.
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Impact of COVID-19 on ventricular
arrhythmia burden

VAs transmitted by the 2458 patients remotely monitored during
both the COVID-19 period and the control period were compared.
During the COVID-19 period, 572 (23.3%) patients experienced

6013 VA episodes, while during the control period, 549 (22.3%)
patients were responsible for 9580 VA episodes (Figure 4;
Supplementary material online, Figure S5 and Table S5). The number
of patients who experienced an arrhythmia episode during the
COVID-19 and control periods did not significantly differ (OR 0.88,
95% CI 0.71–1.09, P = 0.24). Multivariable negative binomial

Figure 4 (A) A map of the USA colour coded to denote which states saw an increase vs. a decrease in VAs during COVID-19, compared with the
control period. (B) The number of VA episodes per week, before (control period: green) and during (COVID-19 period: blue) COVID-19. The figure
demonstrates the natural incidental decline and incline in VA burden in the control period and highlights the markedly reducing burden of VAs during
the COVID-19 period with social lockdown strategies.

Figure 3 The weekly breakdown of VA burden requiring device therapies from the first detected case of COVID-19 infection in the USA. While
various degrees of social lockdown were initiated, the red arrows highlight the weeks in which lockdown was mandated.

524 C.J. O’Shea et al.
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..regression analysis, adjusted for patient age and state, demonstrated
significantly fewer VA events during the COVID-19 period compared
with the control period (IRR 0.68, 95% CI 0.58–0.79, P < 0.001;
Supplementary material online, Table S6). There were no changes for
VF or VT detection in 99.2% and 93.8%, respectively, that occurred
in the secondary cohort during both the COVID-19 and the control
period (Supplementary material online, Appendix).

Impact of 100-day COVID-19 incidence
per state on ventricular arrhythmia
burden
Of the 13 states with centres undergoing remote monitoring during
both the COVID-19 period and the control period, 6 were classified
as high COVID incidence (>_15 cases per 10 000 population:
Colorado, Illinois, Louisiana, Maine, New Jersey, and Virginia) and 7
were classified as low COVID-19 incidence (<15 cases per 10 000
population: Alabama, Kansas, Kentucky, Ohio, Oklahoma, South
Carolina, and Texas). States with high-COVID-19 incidence saw a
39% reduction in the proportion of patients with VAs during the
COVID-19 period, compared with low-COVID-19 incidence states
(OR 0.61, 95% CI 0.54–0.69, P < 0.001; Figure 4; Supplementary ma-
terial online, Figure S5).

Ventricular arrhythmia burden during
COVID-19 compared with seasonal
controls
VAs transmitted by the 1719 patients remotely monitored during
both the COVID-19 period and the seasonal control period were
compared. During the COVID-19 period, 349 (20.3%) patients expe-
rienced 3988 VA episodes, while during the seasonal control period,

331 (19.3%) patients were responsible for 5396 VA episodes
(Supplementary material online, Table S7). The number of patients
who experienced an arrhythmia episode in each of the COVID-19
and seasonal control periods did not significantly differ (OR 0.87,
95% CI 0.67–1.12, P = 0.28). Multivariable negative binomial regres-
sion analysis, adjusted for patient age and state, demonstrated signifi-
cantly fewer VA events during the COVID-19 period compared with
the seasonal control period (IRR 0.69, 95% CI 0.56–0.85, P < 0.001;
Supplementary material online, Table S7).

Discussion

This study identifies a 32% reduction in the burden of VA needing de-
vice therapies in ICD patients during the COVID-19 pandemic. In
states with a high COVID-19 incidence, 39% fewer patients were
affected by VAs. In addition, there was a progressive decline in VAs
following implementation of lockdown measures, suggestive of an as-
sociation between VAs and societal adaptations in response to the
pandemic (Take home figure).

Not for over a century have we experienced a pandemic of such
magnitude as the novel coronavirus.20 In the past, a correlation be-
tween momentous world events, including natural disasters across
multiple continents, and sudden death/cardiac arrhythmias has been
identified,6,9–11,21,22 most probably as a result of increased sympathet-
ic output during such crises. We hypothesized that COVID-19 would
similarly be associated with a rise in VAs, in the context of stress
related to economic circumstances, social isolation, and fear of
COVID-19 infection. Though we may expect to see a similar phe-
nomenon during such a pandemic, the nature of our current predica-
ment is distinct. Unlike a natural disaster, which is finite in duration,

Take home figure The left image demonstrates the dramatic reduction in the VA burden with stricter lockdown measures for COVID-19.
The right image demonstrates the results of the cohort monitored during both COVID-19 and the control periods. This demonstrates the markedly
reduced episodes of VA during COVID-19.
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.
the pandemic has swept the globe and continued to spread for >7
months. In the USA, it is associated with extensive lockdown meas-
ures, social distancing, and record job losses, all of which have
resulted in many people largely remaining in their homes. The daily
routines of millions of Americans have been drastically altered since
COVID-19 first surfaced in Washington state in late January 2020.2

Although the challenges faced during this time have been rather un-
charted in terms of VAs, there are various potential explanations for
the decline in VAs during COVID-19.

The COVID-19 pandemic is associated with record unemploy-
ment figures and temporary closure of many businesses. A rise in
working from home arrangements for non-essential workers who re-
main employed has been observed. A resultant reduction in work/oc-
cupational stressors may impact VA incidence. In one previous study
assessing septadian trends in VT and VF in patients with an ICD in situ,
VT events were most likely to occur on a Monday, suggestive of a po-
tential relationship between VAs and the working week.23

The link between physical stress and VAs is well established.
Various studies have established a correlation between physical
stress 5,24,25 and risk of VAs. A trend of increased sedentary behav-
iour has emerged during the pandemic, as people are largely confined
to their homes and in many cases prohibited from attending exercise
venues such as gyms and sports centres. Two studies observed a re-
duction in physical activity during lockdown in almost half (48.6% and
47.9%, respectively) of participants.26,27 Another study of >1000 sur-
vey respondents documented a 28% increase in sitting time during
the pandemic.28 A reduction in physical activity may partially contrib-
ute to fewer VAs in our ICD cohort.

With the COVID-19 pandemic has come cancellation of most
sporting events across the country, which may have some impact on
VA incidence. Watching a stressful sporting match has been corre-
lated with increased arrhythmia burden in multiple studies. Katz et al.
noted an increase in sudden cardiac death rates in Swiss men during
both the 2002 and 2008 football World Cups.30,31 Wilbert et al.
described a three-fold increase in serious arrhythmia presentations in
Munich while Germany was hosting the 2006 football World Cup; on
the days on which the German team played a match, cardiovascular
hospital presentations were especially high.32 A similar effect was
seen in patients with an ICD or pacemaker during the 2011 Baseball
World Series in Missouri. Arrhythmia rates were significantly higher
compared with the period prior to the playoffs; this difference was
driven by a greater number of VAs.33 Fewer sporting matches of con-
sequence may be a contributor to the results in our cohort.

ICD patients, many with an associated cardiomyopathy, often have
strict regimens consisting of specific pharmacotherapy, fluid restric-
tions, and salt restrictions. One study of heart failure patients with an
ICD in situ demonstrated a positive association between a rise in
intrathoracic impedance reflecting fluid overload, and risk of VAs.34 A
combination of time spent at home during lockdown without the
usual daily distractions of social and work commitments, as well as
restaurant closures reducing opportunity for dietary indiscretion,
may translate to improved adherence to prescribed medication, diet-
ary and lifestyle treatments in such patients, reducing the risk of car-
diac decompensation and resultant arrhythmias.

As approaches to healthcare delivery are tailored to involve less
in-person patient–physician contact during COVID-19, the rise in
telehealth-based medicine may, for some patients, enhance

outpatient care accessibility and improve attendance for clinical re-
view. The postponement of elective procedures during the pandemic
may allow electrophysiologists more time to dedicate to the out-
patient and remote monitoring transmission review processes, allow-
ing for timely intervention to prevent imminent VAs in patients
exhibiting warning signs of cardiac decompensation.

Data from various European countries and US states have identi-
fied a reduction in the burden of acute coronary syndrome (ACS)-
related hospital presentations. A French percutaneous coronary
intervention registry identified an 18% reduction in admissions for ST-
elevation myocardial infarctions (STEMIs) immediately following im-
plementation of national lockdown restrictions in France.17 Similarly,
in Northern Italy, De Filippo et al. described a significant fall of 21% in
rates of ACS-related hospitalization following the first confirmed case
of COVID-19 in Italy. Comparison with the same time period 1 year
earlier confirmed the effect to be independent of seasonal variation.16

In Northern California, a dramatic reduction in weekly acute MI hospi-
talizations, of up to 48%, was identified after the first COVID-19 death
in the region.15 Similarly, Garcia et al. detected a 38% reduction in
monthly STEMI activations across nine USA centres during COVID-
19, compared with the previous 14 months.14 Whether these trends
reflect an actual decrease in ACS incidence, or patient reluctance to
present to hospital in the COVID-19 climate, is unclear. If ACS inci-
dence has indeed fallen, this could have potential links to VA inci-
dence, as coronary ischaemia can precipitate such arrhythmias.

Limitations
The data for this study have been obtained from a real-world remote
monitoring registry. While this provides details of the VA and device
parameters, details of clinical characteristics, pharmacological thera-
pies and other treatments, and healthcare utilization are not available.
In addition, we do not have information regarding individual behav-
ioural changes around physical activity, eating habits, and working
from home arrangements, that were adopted by individuals included
in this analysis, or their exposure to COVID-19 infection. The infec-
tion rates may not represent the true infection rates of each state;
however, we have used the data available from the United States
Centers for Disease Control and Prevention website at the date to
ensure the best representation of known infection rates within states.

Conclusions

The COVID-19 pandemic has been associated with a marked reduc-
tion in VAs requiring device therapies. The VA burden was most dra-
matically reduced in states with a greater prevalence of COVID-19
infection, suggesting a potential relationship to the degree of social
lockdown. This was further supported by the progressive reduction
in VA burden with duration of social lockdown. These data implicate
a potential role for real-life stressors in VA burden in individuals with
an ICD.

Supplementary material

Supplementary material is available at European Heart Journal online.
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