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Evaluating Arrhythmia Alerts from Smartwatches in Asymptomatic Emergency
Patients

Acil Servise Bagvuran Asemptomatik Hastalarda Akilli Saat Aritmi Uyarilariin Degerlendirilmesi

Omerul Faruk AYDIN?, Giilbin AYDOGDU UMAC?

ABSTRACT

Smartwatches equipped with
photoplethysmography (PPG) sensors are increasingly
used for arrhythmia detection, yet their diagnostic
accuracy in asymptomatic patients presenting to the
emergency department (ED) remains underexplored.
This study aimed to evaluate the performance of PPG-
equipped smartwatches in detecting arrhythmias
among asymptomatic  patients and compare
smartwatch-generated alerts with standard 12-lead
electrocardiograms  (ECG).  This  retrospective
observational study included 523 asymptomatic
patients who presented to a tertiary care ED over a one-
year period with smartwatch-generated arrhythmia
alerts. All patients underwent a standard 12-lead ECG
upon arrival. Arrhythmias were categorized as atrial
fibrillation (AF), sinus bradycardia, bundle branch
block (BBB), or ischemic changes. Diagnostic metrics
including sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and
overall accuracy were calculated for each condition.
Misclassification rates were analyzed to assess
smartwatch limitations. Of the patients, 35.27% had
abnormalities detected by ECG, including AF (18.2%),
sinus bradycardia (10.9%), BBB (17.5%), and ischemic
changes (25.5%). For AF, smartwatches demonstrated
a sensitivity of 53.85%, specificity of 69.06%, PPV of
28.87%, and NPV of 86.52%, with an overall accuracy
of 66.18%. Detection rates were lower for sinus
bradycardia (sensitivity 30.36%) and ischemic changes
(sensitivity 4.88%). Misclassification rates were
particularly high for ischemic changes (95.7%), sinus
bradycardia (70%), and BBB (75%). While
smartwatches exhibit moderate utility for AF detection,
their limited accuracy for other arrhythmias
underscores the need for algorithmic improvements.
Despite these limitations, smartwatches may serve as
supplementary tools to encourage early medical
attention in asymptomatic patients.

Keywords: Smartwatches, Photoplethysmography,
Arrhythmias, Emergency Department, Diagnostic
Accuracy

oz

Fotopletismografi (FPG) sensorleriyle donatilmis
akilli saatler, aritmi tespiti i¢in yayginlasmakta, ancak
asemptomatik  hastalarin  acil  servise  (AS)
bagvurusunda tanisal dogruluklar1 hakkinda sinirl: bilgi
bulunmaktadir. Bu ¢aligmada, asemptomatik hastalarda
FPG sensorlii akilli saatlerin aritmi tespit performansi
degerlendirilmis ve cihazlardan gelen uyarilar standart
12 derivasyonlu elektrokardiyografi (EKG)
sonuglariyla  karsilagtirilmigtir.  Bu  retrospektif
gozlemsel ¢alisma, bir y1l boyunca iigiincii basamak bir
saglik merkezinde yiiriitiilmiistiir. Calismaya, AS’ye
akilli saatlerinden gelen aritmi uyarilariyla bagvuran
523 asemptomatik hasta dahil edilmistir. T{im hastalara
bagvurduklarinda standart 12 derivasyonlu EKG
uygulanmistir. Aritmiler; atriyal fibrilasyon (AF), siniis
bradikardisi (SB), dal blogu (DB) ve iskemik
degisiklikler — olarak  smiflandirilmistir.  Tanisal
metrikler duyarlhilik, 6zgiillik, pozitif 6ngorii degeri
(POO), negatif 6ngorii degeri (NOO) ve genel dogruluk
olarak  hesaplanmis, cihazlarin  smirlamalarini
belirlemek i¢in yanlis smiflandirma oranlar1 analiz
edilmistir. Hastalarin %35,27’sinde EKG ile aritmi
tespit edilmistir. En sik goriilen bulgular AF (%18,2),
SB (%10,9), DB (%17,5) ve iskemik degisikliklerdir
(%25,5). AF igin cihazlarin duyarlih@ %53,85,
ozgilligli %69,06, genel dogrulugu ise %66,18
bulunmustur. iskemik degisikliklerin duyarliligi %4,88
gibi diisiik bir diizeyde olup yanlis siniflandirma orani
%95,7 olarak oldukga yiiksektir. Sonug olarak, akilli
saatler AF tespiti i¢in smirlt dogruluk sunarken, diger
aritmilerdeki performanslari algoritmalarin
iyilestirilmesi  gerektigini  gostermektedir. Buna
ragmen, asemptomatik hastalarda erken tibbi
bagvuruya tesvik acisindan faydali bir arag olabilirler.
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INTRODUCTION

According to the World Health
Organization, cardiovascular  diseases,
including myocardial infarction, stroke, heart
failure, cardiac arrhythmias, and valvular
heart disorders, account for approximately
45% of all deaths, causing an estimated 17.9
million deaths annually, making them a
leading cause of mortality worldwide.?
Among these conditions, arrhythmias account
for 15-20% of all deaths and are a significant
cause of concern due to their association with
sudden cardiac death.?® Their impact on
mortality and morbidity is particularly
pronounced in both the general population and
in emergency departments (EDs), which serve
as the initial point of care and advanced
medical intervention.

In recent years, the widespread use of
smartphones worldwide has also led to an
increased adoption of wearable smart
devices.* Among these wearable devices,
smartwatches equipped with technologies
such as electronics, software, sensors,
actuators, and network connectivity offer a
critical opportunity in the mobile technology
market to monitor personal health in real-
time, including cardiovascular health
measures.® The frequent occurrence of
arrhythmias and their impact on mortality
epidemiology have led these sensors to focus
increasingly on arrhythmia detection.

Smartwatches today are capable of
monitoring biometric data, including oxygen
saturation, sleep patterns, blood pressure, and
heart rate, through various sensors. One of the
most used sensors in smartwatches is
photoplethysmography (PPG), which enables
these devices to record single-lead
electrocardiograms (ECG), measure pulse
rates, and generate arrhythmia alerts. PPG is
an optical measurement technique that
noninvasively detects changes in blood
volume within the microvascular system.®
Smartwatch technology utilizes this method
by detecting and measuring the user's
peripheral pulse when the device is worn on
the wrist. Advances in technology have
enabled PPG-equipped devices to diagnose
patients' heart rhythms within 30 seconds.’

When examining the symptoms of patients
presenting to the ED, numerous life-
threatening symptoms are reported, while
asymptomatic presentations are relatively
rare.® However, a disease can lead to severe
outcomes even without symptoms, making
research on asymptomatic emergency
presentations limited.® Today, the
advancement of wearable devices has
introduced a new reason for emergency
admissions: alerts generated by the device
indicating a "pathological condition." If such
an alert occurs without accompanying
symptoms, it necessitates both the
confirmation of its accuracy and the early
detection and management of the pathological
condition. In these scenarios, emergency
departments serve as the first point of contact
due to the acute nature of the situation.

The perception of heart rhythm
abnormalities varies significantly among
individuals. Palpitations are the most reported
symptom in patients with various types and
durations of cardiac rhythm disturbances.
However, while some patients are acutely
aware of minor irregularities in their
heartbeat, others may remain completely
unaware of rapid tachyarrhythmia episodes.
Arrhythmias such as atrial fibrillation (AF),
persistent  supraventricular  tachycardia
(SVT), and non-sustained ventricular
tachycardia (NSVT), even when
asymptomatic, can  have  significant
implications for patient outcomes.%! At this
point, the potential of technologically
advanced smartwatches capable of dynamic
monitoring for early diagnosis and treatment
remains underexplored, placing these devices
in a strategically important position.

This study aims to evaluate the
characteristics of patients presenting to the ED
with  arrhythmia alerts generated by
Photoplethysmography (PPG)-Equipped
Smartwatches despite being asymptomatic, as
well as to assess the sensitivity and specificity
of arrhythmia detection in asymptomatic
patients.
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METHODS

Study Design and Setting

This retrospective, observational study was
conducted at Memorial Sisli Hospital, a
tertiary care center, over a one-year period.
The study focused on assessing the diagnostic
accuracy of photoplethysmography-equipped
smartwatches in detecting arrhythmias among
asymptomatic patients presenting to the ED.
Ethical approval was obtained from the
Memorial Sisli Hospital Institutional Ethics
Committee  (Approval  Number: 004,
Approval Date: 26.12.2024).

Study Population

Patients included in the study were those
presenting with arrhythmia alerts generated
by smartwatches equipped with PPG sensors.
Eligible patients were asymptomatic at the
time of presentation and underwent a standard
12-lead electrocardiogram upon arrival.
Patients with incomplete data or missing
smartwatch arrhythmia alerts were excluded.
Additionally, cases involving pre-existing
arrhythmia diagnoses under alternative
monitoring methods were not included.

Arrhythmia Classification

Arrhythmias were categorized based on
standard  definitions.!?  Bradyarrhythmias
included findings such as sinus bradycardia
and atrioventricular block, defined as heart
rates below 55 bpm. Tachyarrhythmias
encompassed conditions such as AF, atrial
flutter, and ventricular tachycardia, defined as
heart rates at or exceeding 100 bpm. Ischemic
abnormalities were characterized by the
presence of pathologic Q waves, abnormal ST
segments, or T waves. Cases without any
arrhythmias were classified as normal sinus
rhythm.

Data Collection

Demographic information, such as age and
gender, along with smartwatch models and
clinical findings, were retrieved from patient
records. Smartwatch models included various
brands capable of generating arrhythmia
alerts. Each alert was compared with the
corresponding findings from the standard 12-
lead electrocardiogram performed at the ED.
Diagnostic agreement between smartwatch-
detected arrhythmias and
electrocardiographic findings was analyzed.

Diagnostic Performance Metrics

The diagnostic performance of the
smartwatches was evaluated in terms of
sensitivity, specificity, positive predictive
value, negative predictive value, and overall
accuracy. These metrics were calculated using
confusion matrices, and confidence intervals
at 95% were estimated using the Wilson score
method.  Misclassification trends were
identified for each arrhythmia type to assess
the limitations of smartwatch-based detection.

Analysis

The data were analyzed using SPSS
(version 30.0, IBM Corp, Armonk, NY).
Sensitivity, specificity, positive predictive
value (PPV), negative predictive value
(NPV), and accuracy were calculated using
confusion matrices to evaluate the diagnostic
performance of the smartwatch compared to
standard 12-lead ECG. Confidence intervals
(95%) for these metrics were calculated using
the Wilson score method. Descriptive
statistics, including mean + standard deviation
for age and proportions for categorical
variables (e.g., gender and diagnoses), were
used to summarize the study population.

RESULTS AND DISCUSSION

During the one-year study period, 523
asymptomatic patients presented to the
emergency department due to arrhythmia
alerts generated by smartwatches with
photoplethysmography sensors, among whom
275 were found to have acute cardiac changes

on bedside electrocardiograms at presentation
and were included in the analysis; of these
patients, approximately 47% (n=129) used an
Apple Watch, 23% (n = 63) a Samsung
Galaxy Watch, 12% (n = 33) a Fitbit Sense,
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9% (n = 25) a Withings ScanWatch, and 9%
(n = 25) an AliveCor KardiaMobile.

The mean age of the cohort was 45 + 11.4
years, and 60% were male. Despite being
asymptomatic, only 35.27% of patients were
found to have at least one abnormality
correctly detected by their smartwatch when
compared to standard 12-lead
electrocardiograms. The most frequently
observed abnormalities on standard ECG
included atrial fibrillation in 18.2% of cases,
sinus bradycardia in 10.9%, bundle branch
block in 17.5%, and ischemic changes in

Similarly, for bundle branch block (BBB),
sensitivity was 25.93%, specificity was
62.44%, and overall accuracy was 55.27%.
For ischemic changes, sensitivity dropped to
4.88%, while specificity was moderately high
at 59.40%. The smartwatch struggled
particularly with ischemic findings, as only
4.3% of ischemic changes detected by
standard ECG were identified.

Table 1. Prevalence of Abnormalities Detected by
Smartwatches Compared to 12-Lead
Electrocardiograms

Prevalence (%)

25.5% (Table l). Diagnosis
The smartwatch demonstrated variable Any abnormality 35.27
diagnostic performance across conditions. For
AF, sensitivity was 53.85%, and specificity Atrial fibrillation (AF) 182
was 69.06%, with a positive predictive value _ , 109
. .. Sinus bradycardia
(PPV) of 28.87% and a negative predictive
value (NPV) of 86.52% (Table 2). The overall Bundle branch block (BBB) 175
accuracy for detecting AF was 66.18%. Sinus _ 255
bradycardia detection was less effective, with Ischemic changes (ST/T-wave) '
a sensitivity of 30.36% and specificity of
63.47%, vyielding an accuracy of 56.73%.
Table 2. Diagnostic Performance of Smartwatches in Detecting Arrhythmias
Rhythm/Condition Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy(%)
[95% CI] [95% ClI] [95% CI] [95% CI] [95% CI]
AF 53.85 [43-64] 69.06 [60-77] 28.87[20-39] 86.52[79-92] 66.18 [59-73]

Sinus bradycardia 30.36 [20-43]

63.47 [54-72]

1753 [10-27] 78.09 [69-85]

56.73 [50-64]

BBB 25.93 [16-38]

62.44 [53-71]

1443[8-24] 77.53[686-84] 55.27 [48-62]

Ischemic changes (ST/T- 4.88[1-13]

wave)

59.40 [50-68]

2.06[05-7]  78.09[69-85] 51.27 [45-59]

AF: Atrial fibrillation; BBB: Bundle branch block; PPV: Positive Predictive Value; NPV: Negative Predictive Value

Misclassifications were common across all
conditions. Among 50 patients with
confirmed atrial fibrillation, 46% were
misclassified as “normal” by the smartwatch
(Table 3 and 4). For sinus bradycardia and
bundle branch block, misclassification rates
were 70% and 75%, respectively. The
majority of ischemic changes (95.7%) were
also misclassified as normal rhythms,

reflecting the device’s limited ability to detect
abnormalities outside Lead |.

In terms of clinical relevance, smartwatch
alerts provided minimal additional value in
identifying ischemic heart disease, as only 3
cases of ischemic changes were detected
compared to 70 on standard ECG.
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Table 3. Analysis of Misclassifications

Condition Total Cases Misclassified Cases Type of Misclassification Frequency
(n) (%)

AF 50 23 Classified as "Normal" 46.0

Sinus bradycardia 30 21 Classified as "Normal" 70.0

BBB 48 36 Classified as "Normal" 75.0

Ischemic changes (ST/T-wave) 70 67 Classified as "Normal" 95.7

AF: Atrial fibrillation; BBB: Bundle branch block

Table 4. Distribution of Abnormalities Detected by
Smartwatch vs. 12-lead ECG

Condition Detected by Detected by Proportion
Smartwatch ~ 12-lead Correctly
(n) ECG (n) Identified

(%)

AF 27 50 54.0

Sinus 9 30 30.0

bradycardia

BBB 12 48 25.0

Ischemic 3 70 43

changes (ST/T-

wave)

AF: Atrial fibrillation; BBB: Bundle branch block;
ECG: Electrocardiogram

Today, smartwatches equipped with PPG
sensors  offer  promising  non-invasive
technology  for  detecting  arrhythmia.
However, the diagnostic limitations of these
devices remain a frequently debated topic.
Considering that asymptomatic arrhythmia is
thought to contribute more to mortality and
morbidity than symptomatic ones, this study's
finding that 35.27% of asymptomatic patients
presenting to the emergency department had
abnormalities detected on ECG highlights the
technology's diagnostic potential. Although it
remains below the gold standard of dynamic
rhythm monitoring, the ability of these
devices to encourage patients to seek
emergency care positions them as a valuable
tool in clinical practice. From this perspective,
our study suggests that smartwatches function
as a passive monitoring system for
asymptomatic cardiac arrhythmia. Although
their detection capabilities show limited

concordance with ECG results, they offer a
promising  opportunity  for identifying
arrhythmias that patients might otherwise
remain unaware of due to their asymptomatic
nature.

Smartwatches are not designed to
diagnose, treat, cure, mitigate, or prevent any
disease or medical condition, and they are not
recommended as a replacement for traditional
ECG or medical advice.*® This is because they
have several limitations, such as reliance on a
single sensor and susceptibility to errors from
usage or calibration, which can sometimes
result in either a lack of alerts or false alerts.
In our study, smartwatches were observed to
detect abnormalities concordant with standard
12-lead ECG in only 35.27% of asymptomatic
patients presenting to the ED.

While studies in literature frequently focus
on the accuracy of smartwatch alerts in
symptomatic patients, research on
asymptomatic individuals remains limited.
Apple, in an internal study, claims that its
algorithm demonstrates 98% sensitivity and
99% specificity in classifying AF and normal
sinus rhythm.!* In other studies, among
patients who received an AF notification from
their smartwatch, ECG results confirmed
atrial fibrillation in 153 patients (34%).° This
percentage is similar to the findings of our
study; however, our research extends its focus
to all arrhythmia and ECG abnormalities. In
this regard, the judicious use of smartwatches
can be life-saving, particularly in detecting
asymptomatic arrhythmias, which might
otherwise go unnoticed.
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Studies have shown that smartphones
achieve high specificity (94%) and sensitivity
(96%) in detecting AF, while smartwatches
exhibit lower sensitivity when compared to
medical-grade devices.’® In our study, we
observed a sensitivity of 53.85% and a
specificity of 69.06% for smartwatches in
detecting AF. While these devices
demonstrate limited yet partially effective
capability in identifying this common
arrhythmia, the overall accuracy rate of
66.18% suggests that they could serve as a
supportive tool for AF diagnosis. However,
the potential impact of false-negative and
false-positive results on clinical decisions
should not be overlooked. High sensitivity
and specificity for AF detection are frequently
highlighted as advantages in studies,
particularly for early identification in
asymptomatic patients. Our findings support
these assertions and align with existing
literature, emphasizing the value of
smartwatches in this context.!” However, as
observed in our study, monitoring patients
with a low likelihood of arrhythmia can
increase the rate of false positives,
underscoring the need for cautious
interpretation of smartwatch-generated alerts.

Cardiac arrhythmias are associated with
significant mortality, morbidity, and financial
burden and, one of the primary limitations of
conventional screening tools in detecting
arrhythmias is the transient nature of
arrhythmia episodes.!® Wearable devices,
therefore, offer opportunities for dynamic and

long-term monitoring of arrhythmia. In our
study, diagnostic performance was observed
to be even lower for sinus bradycardia
(sensitivity 30.36%, specificity 63.47%) and
bundle branch block (sensitivity 25.93%,
specificity 62.44%). In recent years, research
has increasingly focused on wearable devices
for screening and early detection of
undiagnosed atrial fibrillation (AF), with
notable improvements in success rates over
time.'® Consequently, the specificity of
smartwatches and wearable devices in
detecting AF is steadily improving.?’ The U.S.
Food and Drug Administration (FDA) has
even granted approval for  certain
smartwatches to detect atrial fibrillation.
However, significant limitations persist in
detecting ischemic changes, often leading to
misinterpretations.?? Accurate detection of
bundle branch blocks and bradycardia
highlights the importance of smartwatch
placement, with the wrist being the most
reliable site for measurement. Despite being
worn on the wrist, our study did not achieve
the success rates reported in current literature
for detecting all arrhythmias.??> We attribute
this primarily to the asymptomatic nature of
our study group. We believe that the use of
smartwatches in screening may yield different
success rates compared to symptomatic
presentations in healthcare settings. This
highlights the need for studies involving
larger and more diverse research groups to
better understand the diagnostic potential of
wearable devices.

CONCLUSION

This study evaluated the diagnostic
performance of smartwatches equipped with
photoplethysmography sensors in detecting
arrhythmias  in  asymptomatic  patients
presenting to the ED, compared to standard
ECG. The findings revealed that
smartwatches could detect abnormalities in
only 35.27% of cases. While the devices
demonstrated moderate success in detecting
AF, with a sensitivity of 53.85% and
specificity of 69.06%, their performance was
notably lower for bradycardia, bundle branch
block, and ischemic changes. High rates of

misclassification, particularly for ischemic
changes and more complex arrhythmia,
emphasize the need for cautious interpretation
of smartwatch alerts and reinforce that these
devices should not replace standard diagnostic
methods.  Despite  these  limitations,
smartwatches provide valuable insights and
play a significant role in encouraging health-
seeking behavior. However, this study
highlights the current limitations of
smartwatches in detecting arrhythmias in
asymptomatic patients presenting to EDs.
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Limitations

This study is limited by its retrospective
design and single-center setting, which may
affect generalizability. The analysis focused
solely on asymptomatic patients and relied on
smartwatch alerts from various brands,
potentially introducing variability in detection
performance. User-related factors, such as
incorrect device usage, were not assessed, and
long-term clinical outcomes of undetected
abnormalities were not explored. High
misclassification rates, particularly for
ischemic changes, underscore the need for
improved algorithms.
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