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Abstract

Background. Mood disorders are common in patients with cardiac implantable electronic devices (CIEDs). The lockdown
related to COVID-19 pandemic may have further undermined their emotional well being exacerbating physical symptoms
such as palpitations. We investigated the occurrence of anxiety and palpitations in CIEDs patients during the pandemic. In
those with remote monitoring (RM) available, we evaluated whether these symptoms were associated with arrhythmic events.
Methods and Results. The generalized anxiety disorder (GAD) 7-items questionnaire and the frequency of palpitations were
assessed by telephonic interview in CIEDs patients Overall 152 CIEDs patients agreed to be interviewed (119 males, age 69+14
years). The RM was available in 54/152 (36%). Thirtyseven (24%) and 43 (28%) patients experienced anxiety and palpitations
respectively, and 23 (15%) patients experienced both. Women were more likely to have symptoms than men (50% vs. 20%;
p<0.01 for anxiety and 53% vs. 24%; p<0.01 for palpitations). Among patients with palpitations the RM was available in
17/43 (40%) and revealed the following arrhythmias in 7/17 (41%) patients: 8 non-sustained ventricular tachycardias (NSVT),
2 supra-ventricular tachycardias (SVT), 4 sustained ventricular tachycardias (VT). The RM enabled to detect in 6 patients a
device malfunctioning: in 2 increased impedance in the shock lead, in 3 increased capture threshold for the LV lead and in 1 the
battery reached the end of life Conclusion. Patients with CIEDs during the COVID19 outbreak were likely to experience anxiety

and palpitations and the RM has been pivotal to ascertain the occurrence of arrhythmic events and device malfunctioning

Introduction

The outbreak of the pandemic caused by coronavirus disease 2019 (COVID 19) led the hospitals to “reshape”
themselves in order to dedicate the majority of the efforts, in terms of human and economic assets, in the
management of infected patients.

These changes of course involved also the Cardiac Electrophysiology (EP) Departments and in order to
counteract the contagion the face-to-face EP visits, unless urgent, have been avoided and tele-medicine
and remote monitoring (RM) of patients with cardiac implantable electronic devices (CIEDs) have been
encouraged to reduce the exposure.

Furthermore, the COVID-19 pandemic has forced the governments of the most heavily affected countries to
adopt a complete lockdown policy for about 2 months with dramatic consequences on the mental health of
individuals (1-4), indeed mood disorders and suicides increased.



As depression and anxiety are common in CIEDs patients, especially in those having an ICD (6-7), these
challenging times may undermine their emotional well being exacerbating physical symptoms either true or
“psychogenic”.

In the current study we investigated the occurrence of anxiety and palpitations among CIEDs patients during
the pandemic, and in those for which the RM was available we investigated whether these symptoms were
associated with arrhythmic events or device malfunctioning.

Methods
Study population

In our centre, the Department of Cardiology of the University of Naples Federico II (IT), CIED patients
are followed-up with outpatient visits every 6- and 12- months and for about 1/3 of these the RM it is also
available.

Events collection by RM

Since the start of the lockdown (i.e. March 2020) we were able to check the functioning of the device and
the occurrence of arrhythmic events only in patients for which the RM was available.

Two EP technicians performed a remote daily check of these patients and looked for any pre-specified alerts
related to device functioning or to clinical events.

Thereafter, the alerts were evaluated by 2 electrophysiologists in order to discard the not relevant ones.
Assessment of anziety and palpitations

Four different physicians (GA, VP, LI, LA) contacted by telephone and interviewed all patients whose
control visit was scheduled in the months of the lockdown period (March-April) and due to the COVID-19
was cancelled. The presence of anxiety during the lockdown period was assessed by the (General Anxiety
Disorder) GAD-7 questionnaire (5). The latter comprises 7 questions that investigate the occurrence of
uncomfortable feelings related to anxiety, and for each answer a score from 0 to 3 is attributed, based on
the frequency of these feelings (O=never; 1= several days; 2= more than half of the days; 3= nearly every
day; min-max= 0-21). A score [?]5 indicates mild anxiety, a score [?]10 indicates moderate anxiety and [?]15
indicates severe anxiety. Likewise patients were also asked to describe whether they felt palpitations during
the index period and their frequency (O=never; 1= once per month; 2= once per week; 3= nearly every
day; min-max= 0-3) (Figure 1). All patients gave the informed consent to data collection. The study is in
agreement with the Declaration of Helsinki e was approved by the local ethical committee.

Statistical analysis

Descriptive statistics are reported as means + standard deviations for normally distributed continuous va-
riables or medians with 25th to 75th percentiles in the case of skewed distribution. Normality of distribution
was tested by means of the nonparametric Kolmogorov—Smirnov test. Differences between mean data were
compared by means of a t-test for Gaussian variables, and the F-test was used to check the hypothesis of
equality of variance. The Mann-Whitney non-parametric test was used to compare non-Gaussian variables.
The difference in proportions was tested by applying the y2 analysis or the Fisher’s exact test, when ap-
propriate. Pearson’s correlation was performed to assess the correlation between anxiety and palpitations
scores. All statistical analyses were performed by means of SPSS 25.0 (IBM. Armonk. New York. USA).

Results
Study population and prevalence of anziety and palpitations

Between March and April 2020, 169 CIEDs control visits were scheduled in our outpatient clinic and all
of them had to be cancelled. All patients whose visit was cancelled were contacted by telephone, and 152
of them agreed to answer to the questionnaire whereas 2 had died of non-cardiac death. One hundred and
nineteen patients (78%) were males with a mean age of 69414 years. Sixty-seven patients had an implantable



cardiac defibrillator (ICD), 37 had a cardiac resynchronization device (CRT), 40 had a pacemaker (PMK)
and 8 had an implantable loop recorder (ILR). The RM was available for 54 out of 152 (36%) patients.

Overall, 37 (24%) and 43 (28%) patients experienced anxiety (at least mild [?] 5) and palpitations respec-
tively, and 23 (15%) patients experienced both (Figure 2). No differences were found in the occurrence of
anxiety and palpitations between patients with an ICD/CRTD and those with a CRTP, PMK or ILR (Figure
3, panel A).

Women were more likely to have these symptoms than men (50% vs. 20%; p<0.01 for anxiety and 53% vs.
24%; p<0.01 for palpitations) (Figure 3, panel B). The mean GAD7 score was 5+-4.5, however the score
was significantly higher in women (7.5+-5.5 vs. 4.1+-3.5; p<0.01). Furthermore, significantly more women
than men reported to have palpitations at least once per week or nearly every day (palpitation score 2/3)
(38% vs 17%, p=0.02).

Correlation between anxiety and palpitations

We found a significant moderate correlation between the prevalence of anxiety and the occurrence of pal-
pitations (r=0.45). In particular, we found that when dividing the overall population in tertiles of anxiety
(GADT score), the mean palpitations score was higher in the highest tertile (p<0.01) (Figure 4).

Arrhythmic events detected by remote monitoring in patients with and without palpitations

Among the 43 patients who experienced palpitations, the RM was available in 17 patients (40%), thus in these
we were able to verify the occurrence of arrhythmic events. In 7 out of 17 (41%) patients the palpitations
were really associated with arrhythmic events: 4 patients experienced a single episode of non sustained
ventricular tachycardia (NSVT), 1 patient experienced an episode of supraventricular tachycardia (SVT)
and an episode of NSVT, 1 patient experienced a single episode of SVT and finally 1 patient experienced 3
NSVT and 4 sustained ventricular tachycardias (VTs) for which he received shock (Table 1).

For those 37 patients for whom the RM was available however that didn’t report the occurrence of palpi-
tations, we identified the occurrence of arrhythmic events in 4 (11%) of them: in 2 a new onset of atrial
fibrillation (AF) and in the other 2 patients a single episode of fast VT (>210bpm) treated with ATP and
shock (Table 1).

Patients with new onset of AF were then contacted to start an adequate anti-coagulation therapy according
to the CHA2DS2VASc score and in the absence of contraindications, whereas patients with recurrent SVT
were scheduled for a 24-hours Holter-ECG. In patients with NSTV and TVs the anti-arrhythmic therapy
was implemented according to the electrophysiologist’s discretion.

Cases of device malfunctioning detected by remote monitoring
By mean of the RM the alerts related to device malfunctioning were detected in 6 patients.

In particular, in 2 ICD patients the alerts revealed increased impedance in the shock lead, and as this was
considered an urgent situation, patients were asked to come to the hospital. In the cathlab, under deep
sedation we induced an episode of fast VT /VF and we ascertained the correct functioning of the shock lead.
In other 3 CRT patients who reported the occurrence of fatigue and dyspnoea the RM revealed that the
rate of BiV pacing was very low as the threshold of capture of the left ventricular lead was too high with
loss of capture, therefore, again this was considered an urgent situation, and patients were asked to come to
the hospital and we changed the pacing vector to reach an increased BiV pacing. Finally, in 1 patient the
generator of the PMK reached the end of life (EOL) and the patient was scheduled for an urgent replacement
of the battery (Table 2).

Discussion

Main findings



The cuwrrent study demonstrates that in the COVID-19 pandemic 1) CIEDs patients were likely to have
anxiety and palpitations, and in particular women more than men 2) the frequency of palpitations in CIEDs
patients was related to their anxiety status 3) the RM enabled to verify the true arrhythmic events associated
with palpitations and to properly treat these patients when needed, whereas in CIEDs patients not followed
by RM the incidence of real arrhythmic events could not be ascertained 4) the RM enabled to identify
patients with device malfunctioning and to properly manage them.

The impact of COVID-19 pandemics and of the lockdown on the Italian population

The complete lockdown adopted by the governments dramatically affected the population. Beyond having
worries about their own health and that one of their relatives, people had to worry about the financial
consequences of the working activities stop (1,2). Recent data also demonstrate that in Italy patients were
afraid of getting infected by COVID-19 in the hospitals, thus even in case of cardiovascular symptoms,
such as chest pain, they didn’t go to the emergency departments. This wrong behaviour, reflected by the
incredibly lower number of accesses to the emergency departments for myocardial infarction and its increased
mortality, was observed all-over the country and especially in highly populous regions as Campania region
(3,4).

There is a tight relationship between mood disorders and cardiovascular diseases and it is well established
that depression and its related symptoms may influence the outcomes of patients with cardiovascular disease
(5). Therefore in this category of patients the emotional wellbeing is pivotal.

Previous studies reported that depression and anxiety are present in nearly half of the patients with ICD
(6-8). These challenging times may have severely impacted the mental health of patients with CIEDs, in
particular of those who have seen their control outpatient visit cancelled. We hereby demonstrated that
nearly 1 out of 4 patient felt anxious and experienced palpitations at least once during the months of the
lockdown, and especially women were more likely to feel these symptoms. Furthermore, we found that
anxiety and palpitations were tightly related.

The benefits of remote monitoring of CIEDs

Outpatient visits for device interrogation are usually scheduled every 6-12 months, however the RM is a
valid option to reduce them.

More than a decade ago Heidbuchel et al. (9) demonstrated that most of the arrhythmia- and/or device-
related events in ICD patients are found during the unscheduled visits, and that the ICD remote monitoring
in addition to a clinical follow-up performed by the general practitioner may potentially diagnose >99.5%
of arrhythmia- or device-related problems. Since then the CIEDs companies have implemented their RM
systems and many studies provided evidence of the important contributions of this new technology. In
particular the CONNECT and the TRUST trial (10-11) proved a significant reduction in the total number
of in-office visits, with consequent huge cost savings for the health systems. Moreover, the TRUST trial
demonstrated also significant benefits for the patients, as the silent or symptomatic arrhythmic/ device
problems were detected about 30 days earlier with RM than with programmed in-office interrogations (11).

In the current study we demonstrated the added value of RM in the COVID-19 pandemic, as in such “extra-
ordinary” situation it represented the only way to detect relevant events in CIEDs population especially in
those patients who reported to have symptoms such palpitations. In particular, we identified 18 arrhythmic
events in 11 patients (7 symptomatic and 4 asymptomatic): 8(44%) NSVT, 2(11%) SVT, 2(11%) new onset
AF, 6 (33%) TV.

Furthermore, the following scenarios of device malfunctioning were detected via the RM: increase in the
impedance of the shock lead, EOL of the PMK battery, increase of the threshold of LV lead capture.

Clinical implications

The population of CIEDs patients is rapidly increasing all-over the world, and as the devices require regular
technical checks, cardiologists are increasingly overworked. The RM was demonstrated to reduce the number



of in-office visits, however some doubts were raised about the patient perception of this new technology, as in
this way the face-to-face contact with their caregivers would be lost. Actually it has been demonstrated that
patients showed a high level of acceptance and satisfaction for this new aspect of the healthcare organization
and up to 92% of patients claimed to receive a sense of security by having at home the transmitter (12). The
COVID-19 emergency highlighted the pivotal role of RM, and especially the need of extending this type of
monitoring to the vast majority of the CIEDs patients. So far, however only in few countries the physicians
are reimbursed for RM, and this represents the main obstacle for the widespread of this technology. In Italy
the RM is not reimbursed, and especially in areas such as Campania region, with limited economic resources
intended for healthcare, this technology would be very helpful to cut the costs of unnecessary outpatient
visits. Furthermore, the occurrence of this pandemic may represent an incentive for the governments to
implement and reimburse the RM as this represent the only way to dramatically reduce or even abolish the
risk of contagion.

Limitations

This is a single-centre study, thus the number of patients included is limited. Furthermore, In Italy the RM
is not reimbursed therefore only 36% of patients were followed with this technology. As a consequence we
were not able to detect relevant arrhythmias or device malfunctioning in the other patients without RM.

Conclusions

Patients with CIEDs, especially women, during the COVID19 outbreak were likely to experience anxiety and
palpitations. In the lockdown period the RM has been pivotal as it represented the only way to ascertain
the occurrence of arrhythmic events and device malfunctioning and to properly manage them.
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Figure Lengend

Figure 1. Questionnaires for the assessment of anxiety and palpitations

Figure 2. Prevalence of anxiety and palpitations in CIED patients

Figure 3. Prevalence of anxiety and palpitations according to the device type (upper graph) and to the
gender (lower graph)

Figure 4. Mean palpitation score per tertile of GADT score

Figure 1
GAD7 guestionnaire

Over the last 8 weeks of lockdown, how Not at all Several days Maere than half Nearly every
often have you been bothered by the of the days day
following problems?
1. Feeling nervous, anxious or on edge 0 1 2 3
2. Not being able to stop or control

worrying 0 1 2 3
3. Worrying too much about different

things 0 1 2 3
4. Trouble relaxing
5. Being so restless that is hard to sit 0 1 2 3

still
6. Becoming easily annoyed or irritable 0 1 2 3
7. Feeling afriad as if something awful

might happen

Palpitations questionnaire
Never Once per month Once per week Nearly eve
Over the last 8 weeks of lockdown, pe pe day vevern
how often have you experienced
episodes of palpitations ? 0 1 2 3
Figure 2
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Table 1. Cases of arrhythmic events detected by remote monitoring of CIEDs



Patients with Gender Age Device Brand Arrhythmias
palpitations
CG. F 61 ICD BOSTON 1SVT
1 NSVT
D.A. M 46 ICD BOSTON 1INSVT
F.F. M 62 ICD BOSTON INSVT
AF. M 56 ICD BIOTRONIK INSVT
CF. M 85 CRTD BOSTON 1SVT
AM. F 63 PMK BIOTRONIK INSVT
R.G. M 55 CRTD BIOTRONIK 3NSVT
4TV
Patients with no
palpitations
G.U. M 83 ICD BIOTRONIK 1TV
RA. M 58 ICD ST.JUDE INSVT
M.V. M 73 PMK BIOTRONIK AF
AR M 66 ICD BIOTRONIK AF

ICD: implantable cardiac defibrillator; CRTD: cardiac resynchronization therapy-defibrillator; PMK: pace-
maker; SVT: supra-ventricular tachycardia; NSVT: non sustained ventricular tachycardia; VT: ventricular
tachycardia

Table 2. Cases of device malfunctioning detected by remote monitoring of CIEDs

Patients with Gender Age Device Brand Type of alert
device-related
alerts
AV. M 84 CRTD MEDTRONIC Loss of capture
of LV lead
T.S. M 77 CRTD ST.JUDE Loss of capture
of LV lead
D.S. F 67 ICD BOSTON Shock lead
impedance out
of range
B.A. F 68 ICD BIOTRONIK Shock lead
impedance out
of range
NS M 83 CRTD BIOTRONIK Loss of capture
of LV lead
CA. M 80 PMK SORIN Battery EOL

ICD: implantable cardiac defibrillator; CRTD: cardiac resynchronization therapy-defibrillator; PMK: pace-
maker; LV: left ventricle; EOL: end of life



