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ABSTRACT
Aim: A recent European Heart Rhythm Association (EHRA) practical guide provides guidance on the use of novel digital

devices for heart rhythm analysis using either electrocardiogram (ECG) or photoplethysmography (PPG) technology for the

diagnosis of atrial fibrillation (AF). This survey assesses physicians' preferences to use digital devices in patients with possible

AF and their impact on clinical decision‐making.
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Methods and Results: Participants of the DAS‐CAM III initiated and distributed an online survey assessing physician

preferences in using digital devices for the management of AF in different clinical scenarios. A total of 505 physicians (median

age: 38 [IQR 33–46] years) from 30 countries completed the survey. A third of respondents were electrophysiologists, the others

were cardiologists, cardiology residents, or general practitioners. Electrophysiologists were more likely to have experience with

both ECG‐based (92% vs. 68%, p< 0.001) and PPG‐based (60% vs. 34%, p< 0.001) digital devices. The initial diagnostic approach

to each scenario (symptomatic low‐risk, symptomatic high‐risk, or asymptomatic high‐risk patient) was heterogeneous.

Electrophysiologists preferred intermittent single‐lead ECG monitoring to traditional Holter ECGs to screen for AF. Both

electrophysiologists and non‐electrophysiologists would rarely use PPG‐based devices to diagnose and screen for AF

(8.2%–9.8%). Electrophysiologists and non‐electrophysiologists use ECG‐based technology to confirm PPG‐documented tracings

suggestive of AF.

Conclusion:While PPG‐based digital devices are rarely used for diagnosis and screening for AF, intermittent ECG‐based digital

devices are beginning to be implemented in clinical practice. More education on the potential of novel digital devices is required

to achieve diagnostic pathways as suggested by the EHRA practical guide.

1 | Introduction

Technological advances in digital devices using either electro-
cardiogram (ECG) or photoplethysmography (PPG) signals to
assess heart rate and rhythm have led to a rapid uptake of these
devices in clinical practice for arrhythmia diagnosis and remote
management of patients with arrhythmias [1–4]. European
Society of Cardiology (ESC) guidelines continue to require ECG
documentation for the diagnosis of rhythm disorders, including
atrial fibrillation (AF). Therefore, devices using ECG technology
remain the gold standard for arrhythmia detection. However,
PPG‐based consumer‐facing technology (e.g., smartphones,
smartwatches) offers the advantages of wide availability, ease
of use, and ability to perform continuous monitoring (e.g., by a
smartwatch) [5–7]. Although PPG‐based digital devices and
accompanying algorithms have been validated for AF detection
and heart rate assessment during sinus rhythm and AF, the
uptake of PPG‐based devices into clinical practice remains
limited [4, 8–10]. In 2020, the wEHRAbles surveys demon-
strated that clinicians are aware of novel digital devices and that
they are used in routine clinical practice, but ECG‐based
devices are used almost exclusively in preference to PPG‐based
devices [3, 4]. In 2022, the European Heart Rhythm Association
(EHRA) published a practical guide for the use of digital devices
for arrhythmia management [1]. This guide stated that both
PPG‐ and ECG‐based digital devices can be used for arrhythmia
detection in symptomatic patients in both AF screening and
AF management. Despite increasing evidence for PPG‐based

devices, current physician preferences in using novel digital
devices for the management of AF are unknown.

The Diploma of Advanced Studies in Cardiac Arrhythmia
Management III (DAS‐CAM III) participants initiated and
conducted a survey to assess how physicians use digital devices
in patients with possible AF and to identify the impact of data
derived from ECG‐ and PPG‐based digital devices on clinical
decision‐making.

2 | Materials and Methods

An online questionnaire consisting of 22 questions was
distributed by EHRA DAS‐CAM III participants via their
networks as well as via social media platforms (Twitter,
LinkedIn, and Facebook). The questionnaire included questions
on demographics (age, location, and current profession),
experience with ECG‐ and PPG‐based rhythm monitoring
devices, and three specific patient scenarios. The scenarios,
described in Table 1, included (1) a symptomatic low‐risk
patient (a 45‐year‐old male with CHA2DS2‐VASc = 0 with a
rapid heartbeat twice per week), (2) an asymptomatic high‐risk
patient (a 70‐year‐old female with hypertension and type II
diabetes mellitus [CHA2DS2‐VASc = 4]), and (3) a symptomatic
high‐risk patient (a 70‐year‐old female patient with hyper-
tension and type II diabetes mellitus [CHA2DS2‐VASc 4] with
episodes of rapid heartbeat twice per week). Participants could

TABLE 1 | Case scenarios.

Case 1: Symptomatic
low‐risk patient

Case 2: Asymptomatic
high‐risk patient

Case 3: Symptomatic
high‐risk patient

Gender Male Female Female

Age (years) 45 70 70

Reason for
consultation

Palpitations Regular follow‐up Palpitations

Comorbidities None Hypertension, type II
diabetes mellitus

Hypertension, type II
diabetes mellitus

Symptoms Rapid heartbeat 2×/week None Rapid heartbeat 2×/week

CHA2DS2‐VASc 0 4 4
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choose from different monitoring strategies as follows: 12‐lead
ECG, Holter ECG for 24 h, Holter ECG for > 24 h, and on‐
demand intermittent monitoring with either single‐lead ECG‐
based or PPG‐based device or no monitoring and clinical follow‐
up. After selecting a monitoring strategy, participants were
asked to select a second test from the same list after the first test
failed to document an arrhythmia. For each scenario, when
selecting PPG workup, three different results were generated
using the FibriCheck database (Qompium, Hasselt, Belgium):
uneventful measurements, tracings consistent with paroxysmal
AF, and tracings consistent with persistent AF (see Supporting
Information S1: Table 1). All questions, besides questions on
demographics, were classified as mandatory.

Continuous variables are presented as mean± SD or median
(interquartile range [IQR]). Categorical variables are presented as
percentages and counts. Questions on clinical decision‐making
were compared using Wilcoxon's test for matched samples and
Mann–Whitney U‐test for independent variables. Categorical
variables were compared using the chi‐squared test. A two‐sided
p value of < 0.05 was considered significant. Sankey plots were
used to visualize respondent's device selections at two time
points. Statistical analyses were performed using R version 4.3.1
(The R Foundation, Vienna, Austria).

3 | Results

A total of 563 respondents (median age 38 [IQR 33–46] years)
from 30 countries participated in the survey. From these, 61 were
excluded because of missing data (n= 6) and/or professions
other than physicians (n= 58) (see Supporting Information S1:
Figure 1). A third of respondents (n= 146/502, 29%) were
electrophysiologists and 71% were cardiologists, cardiology
residents, or general practitioners. Electrophysiologists were
more likely to have experience with ECG‐based (92% vs. 68%,
p< 0.001) or PPG‐based (60% vs. 34%, p< 0.001) digital devices
than non‐electrophysiologists. Experience with any wearable
technology (i.e., PPG or ECG) was significantly associated with

higher age (39 [34–46] vs. 37 [31–46] years, p= 0.042). A total of
76.5% of respondents were from Europe, 20.9% from Asia, 1.4%
from the Americas, 1.0% from Africa, and 0.2% from Australia.
Respondents from Asia had significantly less experience in
wearable technology (51.4%) than respondents from Europe
(83.6%) or other continents (76.9%, p< 0.001).

3.1 | Surveyed Case Scenarios

3.1.1 | Case 1: Symptomatic Low‐Risk Patient

When presented with a case of a 45‐year‐old male patient
without comorbidities (CHA2DS2‐VASc = 0) reporting episodes
of rapid heartbeat twice per week, most respondents would
select ECG‐based monitoring (28.8% Holter for > 24 h, 27.8%
Holter for 24 h, and 25.2% single‐lead ECG‐based digital device).
Only 8.9% of participants would start on‐demand intermittent
monitoring by a PPG‐based digital device (see Figure 1A).
Physicians experienced with PPG are more likely to use a
PPG‐based device in this scenario, compared to physicians
without PPG experience (12.1% vs. 6.6%, p= 0.026). Electrophy-
siologists were more likely to select intermittent monitoring via a
single‐lead ECG‐based digital device (48.1% vs. 26.3%, p< 0.001)
than non‐electrophysiologists.

If a first test failed to document an arrhythmia, one‐third of
respondents (32.8%) would select intermittent monitoring via a
single‐lead ECG‐based digital device, 25.9% of respondents
would select a Holter for > 24 h, 15.2% of respondents would
select a Holter for 24 h, and 14.8% of respondents would select
monitoring by a PPG‐based digital device (see Figure 2).

3.1.2 | Case 2: Asymptomatic High‐Risk Patient

When presented with a case of a 70‐year‐old female patient with
hypertension and type II diabetes mellitus (CHA2DS2‐VASc= 4),
who has no arrhythmia‐related symptoms, the highest proportion

FIGURE 1 | Sankey plots showing first (left side) and second choices (if first test was negative, right side) of diagnostic tools for the three case

scenarios of a symptomatic low‐risk (A), asymptomatic high‐risk (B), and symptomatic high‐risk patient (C). If participants chose no monitoring,

they did not proceed with the second question (N/A).
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of respondents would perform no monitoring and follow‐up after
1 year (29.4%), while 21.7% would schedule a follow‐up consulta-
tion with an a 12‐lead resting ECG examination (see Figure 1B).
Nineteen percent would perform 24 h Holter, 10.2% would
use single‐lead ECG monitors, and 10.2% would perform a Holter
for > 24 h. Only 9.8% of respondents would start on‐demand
intermittent monitoring by a PPG‐based digital device. Physicians
experienced with PPG would rather use a PPG‐based device in this
scenario (13.6% vs. 7.2%, p=0.026).

If a first test failed to document an arrhythmia, one‐third
(34.2%) of respondents would not perform any other monitor-
ing and schedule a 1‐year follow‐up consult, 17.4% of
respondents would start intermittent monitoring by a single‐
lead ECG‐based digital device, 16.1% of respondents would
select 24 h Holter monitoring, 15.1% of respondents would
select Holter monitoring for > 24 h, and 9.1% of respondents
would select monitoring by a PPG‐based digital device
(see Figure 2).

3.1.3 | Case 3: Symptomatic High‐Risk Patient

When presented with a case of a 70‐year‐old female patient with
hypertension and type II diabetes mellitus (CHA2DS2‐VASc 4),
who reports episodes of rapid heartbeat twice per week, 38% of
respondents would schedule > 24 h Holter examination (see
Figure 1C), 27% of respondents would perform Holter for 24 h,
14.1% respondents would use monitoring by a single‐lead ECG‐
based digital device, and 8.7% of respondents would schedule a
follow‐up consultation for an additional resting 12‐lead ECG
examination. Only 8.2% of respondents would start on‐demand
intermittent PPG monitoring.

If a first test failed to document an arrhythmia, most
respondents (30.2%) would select > 24 h Holter monitoring as
a second option (see Figure 2). A total of 29.5% would select
intermittent monitoring via single‐lead ECG technology, 15.5%
24 h Holter monitoring, and 14.5% would select PPG monitor-
ing. Electrophysiologists were more likely to select intermittent
monitoring via a single‐lead ECG technology (42.5% vs. 24%,
p< 0.001) than non‐electrophysiologists.

3.2 | Focus on PPG Work‐Up

For each case, respondents who selected PPG as their first
diagnostic tool (case 1: 8.9% of respondents; case 2: 9.8% of
respondents; case 3: 8.2% of respondents) were presented with
three examples of a standard PPG report (60‐s recordings,
three measurements per day for 7 days) of either normal
measurements, single measurements suggestive of AF, or all
measurements suggestive of AF.

The most common answers for further management, stratified
by case and arrhythmia burden, are presented in Figure 3.

In a symptomatic low‐risk patient with normal measurements,
most respondents (16/44= 36.4%) would perform >24 h Holter
examination as a next step and 20.5% would perform intermittent
single‐lead ECG measurements or not perform further measure-
ments. In case of PPG measurements suggestive of paroxysmal AF,
most respondents would try to confirm AF with an ECG‐based
measurement (21/44, 47.7% Holter for > 24 h, 20.5% intermittent
single‐lead ECG‐based digital device, 18.2% Holter for 24 h, and
4.5% 12‐lead resting ECG). In case of measurements suggestive of
persistent AF, most respondents would try to confirm AF with a
Holter examination for > 24 h (11/44, 25.0%), with a Holter
examination for 24 h (25.0%) or a 12‐lead resting ECG (22.7%).

In an asymptomatic high‐risk patient with PPG measurements not
suggestive of AF, most respondents would perform no further
workup (17/48= 35.4%), intermittent monitoring by a single‐lead
ECG‐based digital device (25.0%), and a Holter examination for
24 h (16.7%) or > 24 h (14.6%). In case of PPG tracings suggestive
of paroxysmal AF, most respondents would try to confirm AF with
an ECG‐based measurement (17/46, 37.0% > 24 h Holter, 26.1%
intermittent single‐lead ECG, and 21.7% 24 h Holter). In case of
measurements suggestive of persistent AF, most respondents
would try to confirm AF with a 12‐lead ECG (18/48= 37.5%),
> 24 h Holter examination for 24 h (27.1%), or intermittent
single‐lead ECG monitoring (16.7%).

In a symptomatic high‐risk patient with a PPG measurement not
suggestive for AF, most respondents would perform > 24 h
Holter examination (13/41= 37.1%) or no other workup (26.8%).

FIGURE 2 | Preferred first and second diagnostic tests for each case scenario.
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Both 12‐lead ECG and intermittent monitoring via single‐lead
ECG were recommended at 17.1% each. In case of PPG tracings
suggestive of paroxysmal AF, most respondents would try to
confirm AF with an ECG‐based measurement (18/41 = 43.9%
> 24 h Holter, 29.3% intermittent single‐lead ECG, and 17.1%
24 h Holter). In case of PPG measurements suggestive of
persistent AF, most respondents would try to confirm AF with
a 12‐lead ECG (14/41 = 34.1%), Holter examination for > 24 h
(22.0%) or Holter examination for 24 h (19.5%), or no further
monitoring (19.5%).

Both scenarios with PPG tracings suggestive of paroxysmal and
persistent AF were presented together with a case vignette
(asymptomatic low‐risk patient and symptomatic high‐risk
patient) to all respondents. In both cases, respondents would
recommend > 24 h Holter recordings (36.4% for tracings
suggestive of paroxysmal AF and 47.7% for tracings suggestive
of persistent AF). Only 4.5% would confirm AF with a single
time point 12‐lead resting ECG after receiving a report of 21/21
PPG tracings suggestive of AF within 1 week.

4 | Discussion

The DAS‐CAM III participants collected data on physician
preferences in using digital devices for the management of AF
in over 500 participating physicians within the survey. Our
study has four main findings as follows:

– Nearly a third of respondents would not perform AF
screening in asymptomatic high‐risk patients.

– Physicians prefer to use ECG‐based (mainly Holter ECGs)
over PPG‐based devices to diagnose and screen for AF.

– Physicians use a variety of ECG‐based devices to confirm
PPG‐documented tracings suggestive of AF.

– Electrophysiologists would rather use intermittent single‐
lead ECG monitoring than traditional Holter ECGs for most
clinical indications.

This survey specifically focused on preferred rhythm monitor-
ing strategies in clinical scenarios of patients with different
CHA2DS2‐VASc scores and arrhythmia burdens and symptoms.
In symptomatic low‐risk patients, respondents would start with
> 24 h Holter recording, in part due to the frequency of
symptoms presented in the case. If this failed to diagnose the
arrhythmia, most respondents would recommend intermittent
single‐lead ECG‐based monitoring. This workup is in line with
the EHRA practical guide [1]. However, it requires substantial
medical resources compared to the use of wearable devices,
which are already available in a substantial proportion of
patients in developed countries. ECG documentation of the
arrhythmia seems necessary for most individuals in this
scenario, and differentiation between specific arrhythmias is
crucial in this scenario with a low pretest probability for AF.

In asymptomatic high‐risk patients, most respondents (29.4%)
would not perform any monitoring, even though monitoring is
indicated by current ESC guidelines for the diagnosis and
management of AF [11]. Opportunistic screening for AF in
hypertensive patients carries a Class I, Level of Evidence B
recommendation in the ESC guidelines, and the EHRA practical
guide suggests systematic screening. PPG‐based technology
might be a good rule‐out tool in this specific clinical scenario.
One explanation for this finding might be the conflicting results
from previous large‐scale screening studies including the
STROKE‐STOP and the LOOP study [12–14].

FIGURE 3 | Most common answer for further monitoring in the PPG group, stratified by case and arrhythmia burden. Green dots represent

measurements of regular rhythm, and red dots represent measurements suggestive of AF.
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In symptomatic high‐risk patients, most respondents would start
by performing a > 24 h Holter recording. This is in line with one
of the key messages of the current ESC AF guidelines demanding
to “confirm AF” using ECG‐based technologies [11]. It is unclear
whether intermittent ECG‐based devices used over longer
durations may increase the probability of detecting AF in this
patient scenario.

When presented with negative PPG tracings, this was rarely
sufficient as a rule‐out for AF, respondents recommended the
use of ECG‐based monitoring in these patients. In the case of
PPG tracings suggestive of AF, most respondents chose different
ECG tools to confirm AF but rarely the cheapest and most
effective tool to diagnose AF based on the 1‐week PPG
measurement (> 24 h Holter in case of paroxysmal episodes
and single 12‐lead ECG in case of persistent episode lasting the
whole week). This might also be explained by a lack of
experience or trust in the technology.

In 2020, the wEHRAbles 2 survey demonstrated that wearable
rhythm device ECG technologies are suitable for AF screening,
arrhythmia diagnostics, and patient monitoring [4]. However,
only a minority of participants of the wEHRAbles 2 survey found
PPG‐based devices suitable for these indications. Since then, new
PPG app‐based patient‐centered pathways have been designed,
educational content (i.e., PPG dictionary) has been produced,
further PPG validation studies have been conducted and
screening studies using intermittent or continuous PPG have
been conducted [2, 5, 8–10, 15–22]. More importantly, the EHRA
practical guide “How to use digital devices to detect and manage
arrhythmias” currently states that PPG‐based devices can be used
for arrhythmia detection in symptomatic patients, in AF
screening as well as in integrative AF care pathways [1]. Despite
increasing evidence and advancement of the PPG technology and
analysis algorithms, this survey with more than 500 respondents
demonstrates that just 60% of electrophysiologists and 34% of
non‐electrophysiologists have experience with PPG‐based digital
devices. Interestingly, older respondents were more often
experienced in PPG‐based digital devices than younger respon-
dents. This is also reflected in the small percentage of preferred
use of PPG‐based digital devices in the different clinical scenarios
assessed in this survey. This survey could not assess the cause for
the limited clinical uptake of PPG‐based digital devices, but the
lack of large outcome trials demonstrating non‐inferiority of PPG‐
based AF diagnosis, clear reimbursement models, and a wider
range of educational material such as the TeleCheck‐AF PPG
dictionary may partially explain the ongoing skepticism and
missing comfort related to the PPG technology [5, 23]. The
INTERPRET‐AF survey showed that physicians can detect AF on
a PPG output with equivalent accuracy compared to single‐lead
ECG if the PPG waveforms are presented together with a
tachogram and Poincaré plot, and the quality of the recordings is
high [15]. Besides proving and showing the accuracy of PPG‐
based technology, also more guidance on how to use PPG‐based
digital devices in defined clinical scenarios, such as using a PPG‐
based smartphone application on demand around teleconsulta-
tion (TeleCheck‐AF approach), may help to increase the
implementation of PPG‐based digital devices in the clinic [18].

This survey focused on physician's choices for screening.
However, consumer‐driven device development could potentially

lead to reversal of the screening process toward first presentation
to a physician with a wearable‐detected arrhythmia.

5 | Limitations

The present survey has limitations attributed to target respon-
dents and questionnaire design. The survey was mainly spread
through the network of DAS‐CAM III participants, and
participation was voluntary, therefore being prone to selection
bias. An online survey might not capture the complexity of
screening and monitoring strategies in its whole dimension. To
reduce the complexity of the survey, we decided to restrict the
patient scenarios to risk profiles and presence of symptoms. In
symptomatic patients, we set the symptom burden to twice to
avoid favoring one monitoring strategy (i.e., 24 h Holter in a
patient with daily symptoms or portable monitor in a patient
with monthly symptoms).

6 | Conclusion

While PPG‐based digital devices are still rarely preferred by
physicians in diagnosis and screening for AF, there is a shift
toward the use of intermittent monitoring by ECG‐based digital
devices, especially in electrophysiologists. More education on
the potential of widely available and currently underutilized
novel rhythm monitoring tools, such as PPG‐based digital
devices, is required to achieve diagnostic pathways as suggested
by the EHRA practical guide.
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