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Abstract

Background: Atrial fibrillation (AF) affects more than 33 million people globally, with many cases remaining undiagnosed
due to the paroxysmal nature of the condition. Current portable AF detection devices require additional hardware, and their cost
may limit their accessibility in community screening programs. Facial camera–based remote photoplethysmography (rPPG) is a
novel alternative to conventional fingertip-based photoplethysmography (PPG) that enables contact-free cardiac rhythm assessment.

Objective: This study aimed to assess the technical feasibility of a novel smartphone camera–based facial rPPG AF detection
system by comparing its performance with that of a portable electrocardiogram (ECG) device under real-world home monitoring
conditions.

Methods: We conducted a prospective, single-patient volunteer case study involving a patient with diagnosed paroxysmal AF
and atrial flutter with variable block over 12 consecutive days. Simultaneous 60-second recordings were scheduled 3 times daily
using the electronRx smartphone app and a Kardia portable ECG device to obtain a total of 36 paired recordings. The primary
outcome was device agreement in rhythm classification between the 2 systems. Secondary outcomes included assessment of the
effect of signal quality on device agreement and analysis of discordant recordings to identify technical limitations.

Results: Of the 36 scheduled recording sessions, 35 were attempted, yielding 24 successful simultaneous recordings. Of these,
23 paired recordings met the quality criteria, and device agreement was achieved in 21 (91.3%) recordings. The smartphone
system detected 4 of the 5 episodes classified as AF by the Kardia device and agreed with 17 of the 18 recordings classified as
normal sinus rhythm. A total of 2 discordant cases were identified: 1 false negative associated with atrial flutter presenting as a
fixed 3:1 atrioventricular block and 1 false positive related to poor signal quality due to suboptimal lighting conditions. Signal
quality significantly affected performance, with 94.7% agreement in recordings of good quality compared with 75% in recordings
of poor quality.

Conclusions: This case study demonstrates the technical feasibility of using a smartphone facial camera–based rPPG rhythm
analysis for AF detection. The approach shows promise as an accessible screening tool. However, the single-patient design, data
attrition resulting from synchronization and signal quality issues, and the identified technical limitations highlight the need for
larger validation studies before clinical application can be considered.

(JMIR Form Res 2026;10:e94661) doi: 10.2196/94661
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Introduction

Atrial fibrillation (AF) is the most common sustained cardiac
arrhythmia, affecting an estimated 33.5 million individuals
worldwide, and its prevalence continues to rise due to population
aging and an increase in cardiovascular risk factors [1,2].
However, the clinical significance of AF extends beyond its
symptoms, as the condition increases stroke risk approximately
5-fold and contributes substantially to health care costs through
emergency admissions and long-term complications [3]. Despite
these serious implications, a significant proportion of AF cases
remain undiagnosed, particularly cases involving paroxysmal
episodes that may be asymptomatic or occur infrequently [4].

The challenge of AF detection arises primarily from its episodic
nature, with many patients experiencing irregular episodes
separated by periods of normal sinus rhythm. Traditional
methods of detecting AF involve either continuous cardiac
monitoring in a hospital setting or periodic electrocardiogram
(ECG) recordings during clinical encounters, both of which
may miss paroxysmal episodes occurring outside these
monitoring windows [5]. This diagnostic gap has led to
increased interest in ambulatory monitoring technologies that
can capture AF episodes in a patient’s home environment over
extended periods of time.

Recent technological advances have led to the introduction of
portable ECG devices designed for consumer use, such as the
Kardia (AliveCor Inc) system, which has already received
regulatory approval for the detection of AF [6]. These devices
represent a significant improvement in accessibility compared
with traditional hospital-based monitoring because they enable
patients to record single-lead ECGs during symptomatic
episodes or as part of routine screening protocols. However,
these systems still require additional hardware, typically costing
between £120 and £300, and necessitate direct skin contact with
electrodes, which may limit their utility in certain populations
and settings [7].

The widespread availability of smartphones, with more than
7.1 billion users globally, presents an opportunity to develop
AF detection capabilities using existing and ubiquitous
technology platforms [8]. Smartphone-based
photoplethysmography (PPG), which uses the device’s camera
and flashlight to detect cardiovascular signals through fingertip
contact or facial measurements, is already showing promise in
various cardiac monitoring applications [9,10]. The technique
relies on detecting subtle changes in light absorption caused by
pulsatile blood flow, from which heart rate variability parameters
can be derived and analyzed for rhythm irregularities
characteristic of AF [11].

The advantages of smartphone-based AF detection include the
elimination of the need for additional hardware, the potential
for unlimited monitoring episodes without per-recording costs,
and improved accessibility across diverse populations [12-14].
However, the clinical validation of such systems remains
limited, with few studies comparing smartphone-based
approaches directly with established portable ECG devices
under real-world monitoring conditions.

This case study aimed to assess the technical feasibility of a
novel smartphone camera–based AF detection system that
detects changes in blood flow using facial imaging through
comparison with an established portable ECG device over an
extended monitoring period in a patient with documented AF.
The primary objective was to evaluate device agreement in
rhythm classification between the 2 systems, whereas the
secondary objectives included assessing the impact of signal
quality on classification agreement and characterizing discordant
cases to identify technical limitations that may require further
development.

Methods

Study Design
We conducted a prospective, single-patient volunteer case study
to assess the technical performance of smartphone camera–based
AF detection by comparing it with a portable ECG device. The
data were collected from May 20, 2025, to May 31, 2025, over
12 consecutive days, with recordings scheduled 3 times daily
for a total of 36 recording sessions. The single-patient study
design was used to evaluate the impact of signal quality and
identify sources of discordance rather than to estimate diagnostic
accuracy. These findings were intended to provide essential
proof-of-concept information, which can be used to inform
subsequent, larger validation studies.

There were several differences between the original data
collection protocol and the final study. Among these, the planned
monitoring period increased from 10 days to 12 days, resulting
in 36 recording sessions rather than the planned 30. There was
also a difference in the software name: the software was referred
to as purpleDx 6.1.0 in the protocol and as the electronRx
(electronRx Ltd) smartphone app in the final study. The study
objectives were also refined to include an assessment of the
effect of signal quality on device agreement and a
characterization of discordant recordings to identify technical
limitations.

Ethical Considerations
The participant volunteered to take part in the study and was
informed by the clinical team about their rights and the
protections offered under Good Clinical Practice (GCP)
guidelines of the International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for Human Use
(ICH), particularly with respect to safety and withdrawal. The
study was conducted in accordance with the principles of the
Declaration of Helsinki and applicable GCP guidelines. Written
informed consent was obtained from the participant before
enrolment and covered participation in the study, data collection,
analysis, and the anonymized publication of the study findings.
Participant data were anonymized before analysis and
publication, and all identifiable information was handled
confidentially in accordance with applicable data protection
regulations. The study was not prospectively registered in a
public clinical study registry.

Participant Recruitment and Demographics
A single male participant aged 50 to 70 years was recruited
from a general practitioner (GP) surgery following identification
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by the GP. More specific demographic details have been
withheld to maintain participant anonymity in accordance with
research ethics requirements. To be eligible for inclusion in the
study, the participant was required to have a diagnosis of
paroxysmal AF and atrial flutter with variable block documented
on a 12-lead ECG. From a technical and compliance perspective,
the participant was also required to demonstrate the ability to
operate both the smartphone and portable ECG devices
independently and a willingness to comply with the
3-times-daily recording protocol for 12 consecutive days.

Technology Specifications

Comparator Technology: Kardia Portable ECG Device
The comparison device was the Kardia 6-lead portable ECG
system, which has received regulatory clearance as a Class II
medical device for AF detection. The device consists of a small
hardware unit that connects to a smartphone app and enables
the recording of 6-lead ECGs through direct skin contact using
the integrated electrodes. Previously published validation studies
using the Kardia system have demonstrated high sensitivity and
specificity for AF detection compared with physician-interpreted
12-lead ECGs [15-19]. The device was configured to record
60-second tracings with automatic rhythm classification using
the manufacturer’s proprietary algorithm. For this case study,
the Kardia device was used as a comparator rather than as a
reference standard for AF diagnosis; consequently, its
classifications were used to assess device concordance rather
than to provide diagnostic accuracy.

Test Technology: electronRx Smartphone App
The investigational technology used in this study comprised a
smartphone app (electronRx) that uses the front-facing camera
for noncontact facial remote photoplethysmography
(rPPG)–based cardiac rhythm analysis. The system uses the
smartphone’s front-facing camera to detect cardiovascular
signals through facial blood flow, with real-time signal
processing algorithms analyzing heart rate variability patterns
to identify potential AF episodes [20]. The primary classification
parameter used was the root mean square of successive
differences (rMSSD) in R-R intervals, and a threshold of 250
milliseconds was used to distinguish between AF and normal
sinus rhythm based on heart rate variability characteristics. The
app was installed on an iPhone 12 (Apple Inc) and configured
to record for 60 seconds while performing simultaneous heart
rate variability analysis.

Data Collection Procedure

Participant Training and Instructions
Before commencing data collection, the study participant
provided written informed consent and received standardized
instructions on how to operate both the electronRx smartphone
app and the Kardia 6-lead portable ECG device. The participant
was also asked to familiarize themselves with both systems
before the start of the study. Instructions included performing
recordings in a well-lit room, sitting on a comfortable chair
away from direct sunlight, and placing the smartphone on a
stable surface. During the recordings, the participant was
instructed to remain as still as possible, initiate the electronRx

app first, and immediately place 2 fingers from each hand on
the Kardia leads to ensure near-simultaneous recording. The
participant was also instructed to keep notes on factors that
could affect signal quality, specifically lighting, the color and
pattern of clothing, and any movement during the recording.
The participant performed all recordings independently in the
home environment without investigator supervision.

Recording Schedule and Conditions
For both devices, recordings were scheduled 3 times daily
(morning, afternoon, and evening) for 12 consecutive days,
totaling 36 recording sessions. Each session involved the
simultaneous operation of both devices to ensure temporal
concordance in rhythm detection. The recordings were
performed in the participant’s home environment under
standardized conditions, including adequate ambient lighting,
a stable seating position, and minimal physical movement during
the recording period. To enable simultaneous recordings, the
Kardia device was operated using an iPad (Apple Inc), whereas
the smartphone app was operated using an iPhone.

Synchronization Protocol
To ensure accurate temporal comparison between the devices,
the following synchronization protocol was implemented: the
smartphone app was initiated first, followed immediately by
the placement of the participant’s fingers on the Kardia
electrodes to begin the ECG recording. Both devices were then
confirmed to be actively recording before the participant
remained stationary for the 60-second measurement period. Any
sessions in which synchronization could not be achieved were
excluded from analysis and repeated where possible. The study
protocol is provided in Multimedia Appendix 1.

Quality Control Measures
Signal quality was assessed for both devices during each
recording session. For the smartphone system, signal quality
was evaluated based on the consistency of the PPG waveform
and the absence of motion artifacts. For the Kardia system,
signal quality was assessed using the device’s integrated quality
indicators and by visual inspection of the ECG tracing.
Recordings were categorized as either good quality (clear,
consistent signal with minimal artifacts) or poor quality
(significant noise, motion artifacts, or signal interruption). As
this was a single-patient feasibility study involving simultaneous
recordings, no formal blinding to the device outputs was
performed. Discordant cases were reviewed by a clinician.
However, measurement bias was reduced through simultaneous
device operation and standardized conditions, while attrition
bias was addressed by reporting all recording outcomes.

Outcome Measures
The primary outcome measure was device agreement in rhythm
classification, defined as concordance between the smartphone
app and the Kardia device in identifying recordings as either
AF or normal sinus rhythm. This was assessed by comparing
the rhythm classification assigned by each system for each
paired recording and was expressed as the percentage of
recordings with concordant classifications. Given the
single-patient study design, statistical testing was deemed
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inappropriate, and results are presented as descriptive statistics
and percentage agreement.

Secondary outcome measures included assessing the effect of
signal quality on device agreement and analyzing discordant
cases in detail to identify technical factors contributing to
disagreement. For the electronRx smartphone app, signal quality
was assessed according to predefined criteria, whereas Kardia
signal quality was assessed through the device’s built-in quality
indicators. Paired recordings were categorized as good or poor
quality, and agreement rates were compared descriptively
between these categories. To assess discordant cases, recordings
in which the electronRx smartphone app and Kardia system
provided different rhythm classifications were individually
reviewed to identify potential causes of disagreement.

Data Analysis
Data analysis was performed using standard Python (version
3.11; Python Software Foundation) data analysis and statistical
tools, including NumPy and SciPy. The analysis focused on a
descriptive assessment of device performance without statistical

testing due to the single-patient design of the study. Agreement
rates were calculated as simple percentages, and factors
potentially influencing concordance were examined. Recordings
that were not simultaneous or did not meet the quality criteria
were excluded from the final analysis. Each discordant case
underwent detailed individual analysis to identify technical or
clinical factors that may have contributed to disagreement
between the devices.

Results

Data Collection Summary
Over the 12-day monitoring period, 35 of the 36 planned
recordings were completed; however, some recordings were
excluded due to technical issues, mainly synchronization
failures, and 1 recording was deemed unclassified by the Kardia
device. This resulted in 24 successful simultaneous recordings
using both devices. In total, 23 paired recordings met the quality
criteria for inclusion in the final analysis (Table 1). No adverse
events occurred during the study.

Table 1. Recording outcomes for the 12-day monitoring period, including the total number of attempted recordings, successful simultaneous recordings,
recordings excluded for technical reasons, and final analyzed pairs obtained using the Kardia 6-lead portable electrocardiogram device and the electronRx
smartphone app.

Recordings, n (%)Outcome categories

36 (N/Aa)Scheduled recordings

35 (100)Total attempted recordings

11 (31.4)Recordings excluded due to technical issues

24 (68.6)Successful simultaneous recordings

1 (2.8)Recordings excluded due to failure to meet quality criteria

23 (63.9)Final analyzed pairs

aN/A: not applicable.

Device Agreement Analysis
Analysis of the 23 paired recordings revealed device agreement
in 21 cases, representing an overall concordance rate of 91.3%.
The Kardia device classified 5 recordings as showing AF and
18 as showing normal sinus rhythm, whereas the smartphone
app classified 5 recordings as AF and 18 as normal sinus rhythm.

Representative heart rate plots obtained using the electronRx
smartphone app, showing normal sinus rhythm and AF, are
shown in Figures 1A and 1B, respectively. Direct comparison
revealed that 4 recordings were classified as AF by both devices
and 17 were classified as normal sinus rhythm by both devices
(Table 2). Two example Poincaré plots demonstrating agreement
between the 2 devices are shown in Figures 2A and 2B.
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Figure 1. Representative heart rate (HR) plot obtained using the electronRx smartphone app showing (A) normal sinus rhythm and (B) atrial fibrillation.

Table 2. Confusion matrix showing rhythm classification by the electronRx (eRx) smartphone app compared with the Kardia 6-lead electrocardiogram
device (N=23).

eRx: normal sinus rhythm (negative), n (%)eRx: atrial fibrillation (positive), n (%)Kardia device classification

1 (20)4 (80)Atrial fibrillation (positive)

17 (94.4)1 (5.6)Normal sinus rhythm (negative)
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Figure 2. Poincaré plots demonstrating 2 cases of agreement between the devices: (A) classified as atrial fibrillation by both the smartphone app and
the Kardia device and (B) classified as normal sinus rhythm by both the smartphone app and the Kardia device.

When examining agreement by rhythm type, the smartphone
system agreed with the Kardia device in 4 (80%) of 5 recordings
classified as AF and 17 (94.4%) of 18 recordings classified as
normal sinus rhythm (Table 2). The higher agreement rate for
normal sinus rhythm than for AF reflects the technical
challenges associated with detecting irregular rhythms using
heart rate variability analysis.

Analysis of Discordant Cases
Two discordant recordings were identified, each reflecting
distinct technical challenges in rhythm classification. Poincaré
plots showing these 2 discordant cases, including a smartphone
false positive for AF and a smartphone false negative, are shown
in Figures 3A and 3B, respectively.

Figure 3. Poincaré plots showing the 2 discordant cases: (A) classified as atrial fibrillation (AF) by the smartphone app but as normal sinus rhythm by
the Kardia device (false positive) and (B) classified as normal sinus rhythm by the smartphone app but as AF by the Kardia device (false negative).

False Negative Case
One recording was classified as normal sinus rhythm by the
smartphone app but as AF by the Kardia device (Figure 3B). A
clinical review of this case revealed that the participant was

experiencing atrial flutter with a fixed 3:1 atrioventricular block
at the time of the recording. The regular ventricular response
pattern created consistent R-R intervals, resulting in an rMSSD
value of 235 milliseconds, which fell below the 250-millisecond
threshold used by the smartphone algorithm for AF detection.
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The Kardia device classified this recording as “possible atrial
fibrillation,” although subsequent clinical consultation confirmed
atrial flutter rather than true AF. This case highlights the
technical challenges of distinguishing between different atrial
arrhythmias, particularly when the ventricular response remains
regular.

False Positive Case
One recording was classified as AF by the smartphone app but
as normal sinus rhythm by the Kardia device (Figure 3A).
Further analysis revealed that this recording was obtained during
an evening session when lighting conditions were suboptimal,
resulting in poor signal quality with apparent double-peak
detection in the PPG waveform. The signal processing artifacts
created artificially elevated heart rate variability, producing an

rMSSD value of 287 milliseconds and triggering the AF
classification algorithm. The Kardia ECG tracing for this session
showed a clear normal sinus rhythm, with regular P waves and
QRS complexes. This case demonstrates the importance of
signal quality control when using smartphone-based cardiac
monitoring apps.

Signal Quality Assessment
An assessment of the impact of signal quality revealed a clear
relationship between recording quality and device agreement
rates. Device agreement was higher for recordings classified as
good quality than for those classified as poor quality,
highlighting the importance of signal quality for accurate rhythm
classification (Table 3).

Table 3. Signal quality analysis of paired recordings obtained during the 12-day monitoring period using the Kardia 6-lead portable electrocardiogram
device and the electronRx smartphone app, showing device agreement and detection rates by recording quality (N=23).

Poor quality recordings (n=4), n/N (%)Good quality recordings (n=19), n/N (%)Signal quality impact

3/4 (75)18/19 (94.7)Device agreement

0/1 (0)4/4 (100)Atrial fibrillation detection rate

3/3 (100)14/15 (93.3)Normal sinus rhythm detection rate

The main factors affecting signal quality included ambient
lighting conditions, participant movement during recording,
and smartphone position stability. Furthermore, evening
recordings were particularly likely to experience poor signal
quality due to inadequate lighting for the camera-based PPG
system. Motion artifacts, particularly facial motion during
smartphone recordings, also created signal disturbances that
affected heart rate variability calculations. Additionally, unstable
smartphone positioning on uneven surfaces led to intermittent
signal loss during recording sessions.

Discussion

Principal Findings
To our knowledge, this case study provides the first direct
comparison between a smartphone camera–based facial rPPG
AF detection system and an established portable ECG device
in a real-world home monitoring setting. The high rate of device
agreement demonstrates the technical feasibility of PPG-based
rhythm analysis for identifying AF episodes. The successful
detection of AF episodes by the smartphone system suggests
that camera-based heart rate variability analysis can be used to
identify the irregular rhythm patterns characteristic of AF
[12,13,21]. However, the technical challenges revealed by the
discordant cases highlight important technical limitations that
require further development before any clinical application can
be considered. These technical challenges were compounded
by the need to operate 2 devices simultaneously to obtain
temporally aligned recordings.

Several practical observations emerged from this study regarding
the usability and technical performance of both systems. The
smartphone-based approach required careful attention to lighting
conditions and facial positioning to achieve optimal signal
quality. However, the contact-free nature of smartphone
recording may offer advantages over the more obvious

electrode-based monitoring required by the Kardia device,
although usability was not formally assessed in this study and
should be evaluated in future research.

Furthermore, the 60-second recording duration was generally
well tolerated with both systems. The simultaneous operation
of both devices required coordination but was feasible after the
study participant became familiar with the protocol.

The analysis of discordant cases revealed fundamental
challenges in rhythm classification that affect both
smartphone-based and portable ECG approaches. The false
negative case involving atrial flutter with a regular ventricular
response demonstrates that heart rate variability–based detection
algorithms may miss certain atrial arrhythmias when
atrioventricular conduction produces regular ventricular
responses. This limitation is not unique to smartphone-based
systems, as evidenced by the Kardia device’s classification of
this episode as “possible” rather than definite AF.

The false positive case associated with poor signal quality
highlights the importance of signal processing and quality
control in smartphone-based cardiac monitoring. These
limitations are currently being addressed through continued
algorithm development and improved signal quality assessment.

Comparison With Prior Work
Unlike the electronRx smartphone app, which uses facial rPPG
for AF detection, many other commercially available systems
use fingertip PPG. Examples of these systems include the
FibriCheck, CORAI, and Preventicus Heartbeats apps. Several
of these systems have received approval from the Food and
Drug Administration (FDA) or Conformité Européenne (CE;
European Conformity) marking, and previous studies have
shown that they have achieved high diagnostic accuracy for
rhythm classification, with sensitivities and specificities
exceeding 90% [12-14,17,21]. However, this approach requires
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users to deliberately place their finger on the camera flash,
making it unsuitable for passive monitoring. The accuracy of
the results is affected by finger motion and the amount of
pressure exerted on the camera lens.

Several portable ECG systems also exist, such as the Kardia
device, which was used as a comparator in this study. These
systems provide high-quality rhythm assessment but require
dedicated hardware and electrode contact [18,19]. In contrast,
the system evaluated in this study derives pulse waveforms from
facial video using rPPG. This study did not evaluate the
sensitivity and specificity of this approach for AF detection.
Although this approach is contact-free and eliminates the need
for users to purchase additional hardware, our findings suggest
that it is also particularly sensitive to environmental factors,
especially lighting conditions and motion artifacts.

Although this study was not designed to establish diagnostic
accuracy, it provides evidence to support the feasibility of facial
camera–based rPPG for AF detection. The influence of signal
quality on rhythm classification observed in this study is
consistent with findings from other studies evaluating
smartphone-based PPG technologies [12,13,21].

Implications
These findings add to the growing body of evidence supporting
optical rhythm monitoring and suggest that this technology
could offer an accessible and scalable means of screening for
or monitoring AF. However, existing clinical guidelines
recommend ECG confirmation before a diagnosis of AF can be
confirmed; consequently, positive results from
smartphone-based monitoring will still require subsequent
confirmation by ECG [22,23]. However, an accessible and
scalable approach to AF screening and monitoring could have
several practical implications. For patients, earlier detection can
provide reassurance and ensure more timely management. For
providers, it could help support earlier diagnosis and enable
more efficient use of health care resources. This study provides
preliminary evidence for the feasibility of this approach and a
basis for further validation studies of facial camera–based AF
detection systems.

Limitations
The main limitation of this case study is the single-patient study
design, which limits the generalizability of the results. Although
this design was appropriate for an initial case study, further

evaluation of device performance will require assessment in
broader patient populations. The study participant also had a
diagnosis of paroxysmal AF and atrial flutter with variable
block, which, although relatively common, may not be
representative of all AF presentations. Additionally, the study
was conducted using a single smartphone in the home
environment; consequently, the influence of different
smartphones, camera specifications, and environmental
conditions was not evaluated. The assessment of signal quality
was also subjective in nature and involved only a single
reviewer. Although predefined criteria were used to categorize
the quality of the recording as either good or poor, this may
have introduced some subjectivity into the results. Future studies
should include independent assessments of signal quality to
evaluate interrater reliability.

Although the device demonstrated good agreement in rhythm
classification, approximately one-third of all attempted
recordings could not be analyzed because of synchronization
or signal quality issues. Consequently, the reported agreement
reflects only those recordings that were analyzed rather than all
attempted measurements, which could overestimate the
performance of the device. Future work will focus on improving
recording synchronization to better assess device performance.
A further limitation of this study is that rhythm classification
was performed using the Kardia device as a comparator rather
than a gold standard, such as a clinician-reviewed 12-lead ECG
or Holter ECG recording.

Conclusions
This case study demonstrates the feasibility of smartphone
camera–based AF detection using PPG. Its high level of
agreement with the Kardia portable ECG device supports its
potential use as a low-cost, accessible screening approach for
AF. However, smartphone app performance was influenced by
multiple factors, including lighting and motion, and the
algorithm showed limitations in distinguishing atrial flutter and
sinus rhythm. The exclusion of recordings because of
synchronization and signal quality issues highlights the
importance of robust data acquisition for accurate rhythm
classification. Further larger-scale validation studies are needed
to optimize signal processing algorithms, confirm the app’s
accuracy, and assess its suitability for community screening
applications.
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