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COVID pandemic emergency has forced changes from traditional in-person visits to
application of telemedicine in order to overcome the barriers and to deliver care.
COVID-19 has accelerated adoption of digital health. During this time, the distance is
itself a prevention tool and the use of technology to deliver healthcare services and
information has driven the discovery of mobile and connected health services.
Health services should to be prepared to integrate the old model of remote monitor-
ing of CIEDs and adopt new digital tools such as mobile Apps and connected sensors.

The COVID-19 has catalysed digital medicine

The pandemic public health emergency has forced
changes from traditional to ‘new’ forms of health care ac-
cess and delivery across all countries. During lockdown,
in-person visits have become the last option for meeting
patients. Telemedicine (the use of technologies to re-
motely diagnose, monitor, and treat patients) and digital
health (the application of technologies to help patient
management of illnesses) have been applied and com-
bined to overcome the barriers and to deliver care. Thus,
COVID-19 has accelerated adoption of telemedicine tools
even in ‘digital miscreant’. These features rapidly evolved
from ‘gadgets’ to useful tools, especially when overall
health care system capacity was stretched to its maxi-
mum, as in COVID-19 pandemic. The term telemedicine
(from the Latin ‘medicus’ and Greek ‘tele’) literally
means ‘healing at a distance’. During this time, the dis-
tance is itself a treatment and a prevention tool, and the
use of technology to deliver healthcare services and infor-
mation at a distance has driven the discovery of mobile
and connected health services.1–5 For example, providing
remote radiology consultations to confirm COVID-19 suspi-
cion after a computed tomography (CT) scan. Restricted

clinic access deeply influenced the management of non-
COVID patients. Heart rhythm professionals are fortunate
to have a choice of wireless technologies to relay moni-
tored information to maintain connection. Cardiac im-
plantable devices allow convenient monitoring for
arrhythmias on a long-term basis due to the comfort asso-
ciated with their small size and ease of use while reducing
patient and health care worker exposure. Remote cardiac
implantable electronic device (CIED) monitoring has
existed for decades. It has been strongly endorsed by pro-
fessional societies, but in practice, only a fraction of its
diagnostic and therapeutic capabilities has been utilized
until now.6,7 Available remote patient monitoring technol-
ogies like HeartLogic, CardioMEMS, and Vree Health to
name a few, should be adopted quickly to provide a better
assessment of heart failure (HF) clinical status while main-
taining social distancing through the performance of vir-
tual visits. Such invasive and non-invasive technologies
may better allow clinicians to keep patients with HF safely
in their homes and minimize the need for in-person hospi-
tal or clinic visits. Despite its effectiveness, remote moni-
toring is significantly underused because of a variety of
patient-based and system-based issues. Remote monitor-
ing should be used in most circumstances to reduce the
need for non-current clinic visits. During this pandemic,
remote monitoring should be reconsidered in all patients
who have been not yet enrolled.*Corresponding author. Tel: þ39 06 23188406, Fax þ39 06 23188410,
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The new normal may benefit from digital
tools and improved patient connectivity
beyond traditional remote monitoring

In the past, intrathoracic impedance (ITI) drop detected by
implantable devices has been used to detect the presence
of pulmonary congestion. ITI is calculated bymeasuring the
energy needed to send a small current from the battery of

a device (the ‘extrathoracic component’) to an intracar-
diac lead (the ‘intrathoracic component’). It was hypothe-
sized to predict new episodes of HF decompensation.
CorVue ITI monitoring algorithm was developed by St Jude
Medical for its implantable cardioverter-defibrillator and
cardiac resynchronization therapy with defibrillator devi-
ces. It has been hypothesized that using multiple intratho-
racic vectors, the diagnostic reliability of ITI would

Figure 1: In this case, we found in the past a decrease in thoracic impedance following a high rate AF episode with reduction of biventricular stimula-
tion. Following a telephone interview with evidence of increased body weight and dyspnoea, the of diuretic dosage was increased; after few days there
was significant improvement. In the right part, a step increase is designed mimicking a COVID-19 pneumonia.

Figure 2: During an AF episode a patient already implanted with an ICM (Confirm RX), transmits both ECG and symptoms to the referral Hospital.
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Figure 3: A representation of the remote monitoring diagnostic tools direct trend: AT/AF burden and heart rate during atrial fibrillation/atrial tachy-
cardia (AT/AF) are showed together with rest and mean heart rate, biventricular pacing percentage, and patient’s activity.
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increase. But, the diagnostic efficacy of ITI measurement
as an isolated data in the early detection of HF decompen-
sation is poor, both for Optivol and CorVue algorithms. On
the other hand, there are no perspective data if a sudden
and steep increase of ITI with atypical features may induce
the suspicion for an alternative diagnosis such as early de-
tection of a severe COVID-19 pneumonia.8 Statistics like
percent activity per day, resting heart rate, and mean rate
per day are currently available in the CIEDs, and there is a
well-known relationship between fever and heart rate.9

An increased thoracic impedance claims an alternative
diagnosis. Normally, a lower impedance would be expected
for severe HF decompensation because of fluid overload.

If lung alveoli are progressively filled up with water (pul-
monary oedema due to decompensation), resistance
decreases as the conductivity for electric current is higher
for water than for air. Therefore, an increased thoracic im-
pedance is very atypical for cardiac decompensation. The
increase in thoracic impedance in COVID pneumonia might
be explained by air trapping due to hyperinflation. Such as
for HFmonitoring, amultiparametric approach can confirm
the suspicion and reduce mortality among at-risk patients
and protect caregivers (Figure 1). Additionally, some im-
plantable cardiacmonitors (ICMs) contain an internal, inte-
grated solid-state temperature sensor.10 A temperature
sensor could be evaluated for possible use as a screening
tool for patients with all CIEDs and move these devices to-
wards vital sign monitors with a significant clinical impact.
With a broader implementation of RM, the new normal may
benefit from digital tools and improved patient connectiv-
ity beyond traditional remote monitoring. The use of wear-
ables such as watches, smartphones is a novel approach.
The need for contactless monitoring has triggered the
novel implementation of digital health monitoring applica-
tions (e.g. Instant Heart Rate, PulsePoint Respond, Blood
Pressure Monitor, Cardiio, Blood Pressure Companion,
Kardia, Qardio, FibriCheck, Cardiac Diagnosis, Blood
Pressure Tracker). This type of wireless monitoring may be
continued after discharge, permitting prolonged surveil-
lance of rhythm and vital signs. Even a standard 12-lead
ECG may be difficult to obtain, given the enormous burden
of increasing number of COVID-19 patients. The use of
modern handheld ECG (h-ECG) devices should be consid-
ered in order to reduce traditional ECG recording as much
as possible to preserve resources and limit virus spread. In
a recent study, the QTc in lead-I and lead-II derived from a
standard 12-lead ECG was compared with a rhythm strip
from a h-ECG device in healthy volunteers and hospitalized
patients treated with antiarrhythmic drugs. h-ECG had a
high specificity for detecting a QTc > 450ms and should
thus be considered as an effective outpatient tool for moni-
toring patients with prolonged QTc. It can thus be used in
COVID-19 patients treated with QT-prolonging drugs such
as anti-viral drugs, chloroquine or hydroxychloroquine.11–14

But new technologies may transmit multiple parameters
(heart rate, sleep, oxygen desaturation index, and blood
pressure) via a smartphone link to centralized hubs. New
algorithms based on predictive analytics of electronicmed-
ical records (i.e. artificial intelligence) are needed to pre-
vent re-hospitalization (predictive medicine).

The critical points for the success of telemedicine are
patient compliance and frequency of transmissions.
Automatic daily remote transmissions were independently
associated with an increased probability of early adverse
event detection. Remote monitoring (RM) efficiency and
efficacy may be improved by increasing the frequency of
transmission.15 Home monitoring of weight, blood pres-
sure, heart rate, and pulse oximetry should be acquired au-
tomatically, by connected sensors, without the need for
any action by the patients.
Digital medicine represents a possible solution to ‘re-

duce’ distances during this pandemic. Through a mobile
application, the patients can refer symptoms, while a cen-
tral telemedicine unit staffed with one or more cardiolo-
gists, technicians, and nurses can check ECG tracings and
provide proactive care by avoiding hospitalization, reduc-
ing the hospital stay through a fast track (a less critical pa-
tient can be treated in less time or by remote
reprogramming of CIEDs). The goal of a ‘new’ telemedicine
model should be to integrate ‘conventional’ telemedicine,
not replace the ‘old’ model. The central point is to adopt a
standardized model for management of alerts and daily
check of symptoms, parameters, and transmissions. In case
of an alert the hospital team can remotely triage the pa-
tient (Figure 2) and check for new symptoms: increasing
shortness of breath or fatigue, worsening peripheral oe-
dema, or weight gain suggestive fluid overload and not at-
tributable to alternative causes (i.e. lower respiratory
infection). In cases deemed to have positive signs or symp-
toms of decompensation, in line with routine clinical prac-
tice suggested actions may include remote adjustment of
medications, access to the primary care physician, or the
outpatient HF clinic for a virtual or in-person visit.
Integrating general practitioners in the remote monitoring
network can further reduce delay in patient treatment and
avoid hospitalization for patients at low risk (Figure 3).16

Conclusion

In conclusion, telemedicine tools can allow providers to
provide care even in a difficult scenario like the COVID pan-
demic. Health care teams must continue to be prepared
and preserve adequate resources for dealing with a second
wave. More monitoring and diagnostic testing aspects of
both inpatient and outpatient care will be served by new
digital medicine. When feasible, the application of mobile
apps and connected sensors should integrate the old model
of remotemonitoring of CIEDs.
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