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In response to the COVID-19 pandemic, a protocol was designed for mail-out devices and educational materials
created to teach patients how to install a device for 2weeks of continuous ambulatory ECGmonitoring.We com-
pared data collection from two sequential patient populations; one who received standard device application in
the same clinic in the months before the pandemic response, and another, who received their device bymail for
self-installation. Patients received a single phone call when the device was mailed and were able to contact the
manufacturer as needed for support. A total of 47 deviceswere assessed from each group. Each groupwas similar
in age (70 vs 65 years), and clinical indication for monitoring. Noise signal magnitude (22.34 vs 26.28%), symp-
tom based manual activation (10 vs 8 events) and APB/recorded hour burden measurements (37.05 vs 23.36%)
were similar in both groups (all comparisons were statistically non-significant). Both groups had a similar mean
of hours recorded (240.37 vs. 245.05 h). Zero patient kits were lost, and all reports were delivered. Overall, it was
found that amail-delivered home-based recordingplatform can be reliably used to acquire clinical datawith sim-
ilar data quality and patient compliance as a conventional in-clinic model for long term ambulatory ECG
monitoring.

© 2020 Elsevier Inc. All rights reserved.
Introduction

Long-term ambulatory ECG monitoring devices are used for the ac-
quisition of symptom-rhythm correlation in the assessment of rhythm
related symptoms and for detection of suspected clinically relevant
arrythmias, especially atrial fibrillation or, as a surrogate atrial ectopy
burden [1]. There are a variety of manufacturing systems available for
such data acquisition. More recently, patch electrode systems have be-
come available. These are available in a single, or multiple lead data ac-
quisition configurations and allow for the reliable acquisition of
continuous ECG data for up to a two-week period. Such devices are
small, leadless and depending on manufacturing configurations can be
mailed back to the manufacturer for refurbishment after downloaded
data is uploaded to a cloud server or other interface [2]. In routine use
of these devices, patients receive the device in a clinic, are educated
on its use, instructed how to activate thedevice for symptom correlation
and, also instructed how to take off the device and reapply as needed. At
the time of clinic application, the skin is prepared to enhance electrode
contact and the reason for obtaining the data is reviewed. In the
nce Centre, Room B327, 2075

. Newman).
aggregate, the current standard application of ambulatory ECG record-
ing devices requires expert clinical supervision, patient education and
delivery of the device in an office or clinic.

The global COVID-19 pandemic has forced healthcare providers to
pivot their care to telemedicine and video conferencing capabilities
[3]. We wished to assess whether a similar approach could be provided
for home ECG long-term telemetry data acquisition. A protocol was de-
veloped, instructional materials were created and models for internal
validation were designed to answer this question. We hypothesized
that the simplicity of a mail-out patch electrode long-term (14 day)
ECG recording configuration should allow for reliable, entirely home-
based delivery of education, service and data acquisition.
Methods

The patient population studied was derived from a specialty neurol-
ogy clinic focused on stroke management. The descriptions of both pa-
tient populations were limited to age, gender and base line rhythms.

We developed educational materials including a pamphlet and a
5 min video to educate patients on how to apply and use the device.
The ordering physician met with the patient by videoconference to ex-
plain the need for long-term ECG recording data and then, notified the
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manufacturer (Icentia, Quebec, QC, Canada) to deliver the package to
the patients.

Upon notification, a package was sent using regular priority postage
with tracking capabilities. The package included: a single lead adhesive
long term ECG recording device (CardioSTAT, Icentia, Quebec, QC,
Canada), 2 sets of electrodes, the surrounding adhesive collar, a patient
diary form, a pre-addressed return envelope, written instructions with
diagrams as well as a contact phone number to call manufacturer for
any technical support (see Fig.1). All devices were placed in a vertical
orientation along the sternum (see Fig. 2) [4]. The instruction guide
also included a URL reference to a 5 min video for support as needed
(available at www.cardiostat.com/support (last accessed July 3, 2020)).

Quality control

Once an ECG recording system package was mailed to the patient,
the data base entry for the tracking of the package started. By protocol,
all patients received a single phone call, upon shipping to provide infor-
mation regarding the device including the company's contact informa-
tion. The phone call was used to remined the patient of the role of
device in management, review use and encourage prompt application.
At that time, patients confirm and consent to wearing the device upon
arrival. All patients were invited to phone themanufacturer if any chal-
lenges arose and the nature of the phone call was abstracted. If the re-
corder was not returned to the company by a specific date, the patient
received their only other phone call to ensure they mailed the
device back.

For comparison, a retrospective approachwas used to identify a con-
trol groupmade up of a sequential series of patients, seen just before the
pandemic responsewho received the same long termECG recording de-
vice in the standard, conventional fashion with in-clinic education, skin
preparation and device applicationwere studied. Both groupswere oth-
erwise identical with respect to a physician prescribed device, and clin-
ical location in an academic stroke clinic with the main goal being
identification of atrial fibrillation in the context of concern for cardioem-
bolic cause of stroke. All of the Holter data was reviewed and reported
by the same physician. The primary outcome was noise magnitude
and secondary outcome was APB burden and hours recorded. In order
to express the APB burden among patients with variations in the quan-
tity of noise signal, the amount of ectopywas normalized to the hours of
Fig. 1. From patient 2-page manual, a description of
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data available for analysis. This has been represented by absolute APB
count per total recorded hours. The chief endpoint for purposes of com-
parison and validation point was:

1. The magnitude of noise on the record signal from the mailed in de-
vices compared to the in clinic deliver devices

2. Arrhythmia related indices of atrial ectopy burden. Total atrial ectopy
count wasmeasured and expressed as: APB count per recorded hour
of data acquired

3. The frequency of manual activations for symptoms
4. Hours of recorded data available

Statistical analysis

All variables were expressed as means with standard deviations
(SD). Standard descriptive statisticswere used to compare the two pop-
ulations using a Mann Whitney U test.

Results

The 47 patients who received the device in the mail were compared
to 47 patients in the control group. The 47 recipients withmail delivery
had an average age of 70 ± 14.7 years and was 49% male. The 47 pa-
tients used for the comparison control group had an average age of 65
± 15 years and was 55% male. All patients in both populations were
in sinus rhythm. The two groups were not statistically different from
each other.

The 47machines were sent out fromMarch 27th toMay 11th, 2020.
All devices shipped out were returned and had reports delivered. Of the
total shipped out, 47were returned. Of those that were returned, 25 pa-
tients (53%) installed the devices using instructional materials given
without additional assistance over the phone and 21 patients (45%) re-
quired help over the phone to install. The status of one patient (2.1%) is
unknown to have required additional help. One device (2.1%) was
wrongly addressed and one device (2.1%) was sent to a patient that
was unaware of the test, however, both reports and devices were
returned.

The magnitude of noise on mailed devices was an average of 22 ±
21% compared to 26 ± 14% on control group, U = 848, p = 0.052. Pa-
tients with mailed devices had an APB burden of 37.05 ± 95.5 APB per
contents in mailed box and details on activation.

http://www.cardiostat.com/support


Fig. 2. From patient 2-page manual, the method for applying the device.
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recorded hours. Control patients were similar with respect to an APB
burden of 23.3 ±42.8 APB per recorded hours, U = 669, p = 0.465.
The mean number of hours recorded for patients with mailed devices
was 240.37 ±78.3 h. Control patients had a mean number of hours re-
corded of 245.05 ±46.7 h, U = 1032, p = 0.589. Manual activations
for symptoms occurred at an average of 10 and 8 times, respectively.

Discussion

The main finding of this study is that a simple and effective protocol
can be quickly developed to deliver homeECG recording technology in a
reliable fashion with very limited involvement of healthcare profes-
sionals. Using only home printed materials, one phone call, and as-
needed access to a simple video, patients can receive, apply, and record
valid data for long-term ambulatory ECG recorders. Using data points
such as magnitude of noise, ABP burden per hour recorded, and fre-
quency of manual activation, this study shows a non-significant statisti-
cal difference between home-based vs clinic-based application. The
quality of data is commensurate with that of the patients who received
their device in the clinic in a conventional format.

Our goal was to assess the least intensive intervention possible and
still obtain adequate quality data. This occurred with a high patient
compliance rate and limited loss to follow-up. With only one phone
call, a printed instruction manual, and a pre-supplied return label, a
large percentage of patients complied with the instructions and mailed
back the device.

We are not aware of any prior report establishing the validity of
home delivered, self-taught acquisition of ECG data in a clinical context.
Our study underscores the validity of this approach with even minimal
amount of contact required to reliably obtain such data. In another
study, a different home delivered 7-day recording ambulatory ECG re-
cording device was used in a trial to validate a comparison signal ob-
tained from continuous event activated patient wearable device and
also found high compliance for mailed out ECG recording devices. This
study did not detail the intensity of the home ECG instruction and inter-
vention. However, the research question required by design more in-
tensive efforts to ensure that acquisition of Holter data was
comprehensive and performed correctly [5]. Another trial using a
mail-out home ECG recording device had a voluntary, more intense
web-based module showing compliance to home monitoring. Unlike
our study, there was no exclusive comparison between clinic and
home-based application [6].

Limitations

The patient population represents a selected group from a single
stroke clinic which can give raise to possible selection and referral
bias. In particular, the population studied carries psychological and clin-
ical fears regarding stroke prevention and causation, which may influ-
ence the compliance and high response rate with minimal
intervention. Whether the data can be generalized to a less clinically
charged context is not known. Our comparison of the two groups is lim-
ited only to age, gender and rhythm status, no other factors were com-
pared between the two populations. There is no reason to suspect
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systematic differences between the two populations in the clinical
attributes expected of the two groups studied who differ only by date
of referral formonitoring. Althoughmanual activationswere preformed
and were similar in both groups, detailed assessment of clinical context
or even intent behind such activations is only partly available with lim-
ited patient diary methods.

Conclusion

The global pandemic has forced the rapid development of telemed-
icine protocols. In this study, the development and delivery of the sim-
ple long-term home ECGmonitoring protocol was effective and reliable
for continuous home ambulatory ECG data acquisition. The quality of
data matches clinically applied ECG monitoring devices. Using simple
instructions, as well as a standard constructed single phone prompt,
and as-needed contact, patients were able to properly use the device
to acquire symptom–rhythm correlation and ECG recordings equiva-
lently between home delivery and clinic application.
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