Heliyon 10 (2024) e40595

Contents lists available at ScienceDirect

52 CelPress Heliyon

journal homepage: www.cell.com/heliyon

Case report

Connected health: Ventricular tachycardia detection with Apple
Watch-A case report

Gianluca Guarnieri ", Massimo Mapelli >, Massimo Moltrasio %,
Piergiuseppe Agostoni ", Claudio Tondo "

2 Centro Cardiologico Monzino IRCCS, 20138, Milan, Italy
® Department of Clinical Sciences and Community Health, University of Milan, 20122, Milan, Italy

ARTICLE INFO 2. ABSTRACT
Keywords: Background: Traditional screening methods, such as 12-lead electrocardiograms (ECGs) and
Apple watch Holter monitors, often fall short in detecting transient arrhythmias. However, advancements in
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wearable technology, like the Apple Watch®, enable real-time rhythm monitoring and specific
arrhythmia detection through dedicated algorithms.

Case description: A 60-year-old man with a history of arrhythmogenic cardiomyopathy and an
implanted cardioverter-defibrillator (ICD), during a walk, experienced palpitations and dizziness;
the Apple Watch® alerted him of an elevated heart rate. He recorded a single-lead ECG with the
watch, recognizing an abnormal electrocardiogram, then he sought for immediate medical
assistance. After few minutes ICD delivered a shock. The patient underwent further evaluation
and radiofrequency ablation to successfully treat the ventricular tachycardia.

Discussion: Wearable technologies, like the Apple Watch®, hold a promise in detecting arrhyth-
mias, as demonstrated by the Apple Heart Study’s high sensitivity and specificity for atrial
fibrillation detection. This case emphasizes the importance of correlating symptoms with
smartwatch-recorded ECGs, especially when receiving a elevated heart rate alert. Limitations
include reliance on user activation and potential challenges in recognizing artifacts in single-lead
ECGs. However, in high-risk patients, smartwatches may complement existing devices, potentially
reducing mortality by aiding in early intervention and optimizing ICD programming.
Conclusion: The presented case emphasizes the potential of smartwatches in identifying ventric-
ular arrhythmias, especially in high-risk individuals. Despite the existence of many challenges,
the integration of wearable technologies into clinical care could enhance arrhythmia detection,
reduce unnecessary shocks, and therefore improve patient outcomes. Future research could
explore the role of smartwatches as a non-invasive alternative to implantable rhythm monitoring
devices.
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1. Main text
1.1. Background

Cardiac arrhythmias encompass various conditions in which heart beats too quickly or too slowly. Morbidity and mortality can be
associated with rhythm abnormalities. For instance, the most common arrhythmia, atrial fibrillation (AF), is linked to an increased risk
of stroke [1].

However, most of cardiac arrhythmias are transient events and conventional screening tools used in clinical practice, particularly
12-lead electrocardiograms (ECGs) and Holter monitors, often fall short in their detection [2]. Nevertheless, advancements in wearable
electronic devices enable real-time rhythm monitoring and certain smartwatches are able to detect specific arrhythmias through
specific algorithms [2].

Smartwatches are designed to detect deviations in heart rate and rhythm by analyzing pulse waveforms and electrical signals.
Through algorithms validated in clinical studies, smartwatches can identify patterns of irregular heartbeats, such as the rapid,
disorganized electrical activity characteristic of AF or the slow conduction rates seen in bradyarrhythmias. Several studies have
confirmed their sensitivity and specificity in detecting AF, with promising results for other arrhythmias such as ventricular tachycardia
(VT) and supraventricular tachycardia [3].

The clinical relevance of arrhythmia detection through smartwatches lies in their ability to provide real-time alerts to users,
prompting them to seek medical attention or perform an ECG directly from the device. This immediacy can lead to the early diagnosis
of potentially life-threatening conditions, especially in asymptomatic individuals or those with transient arrhythmias that may
otherwise go unnoticed. In particular, the detection of VT by smartwatches, although less commonly reported, underscores the
importance of these devices in capturing clinically significant events [4].

In this case report, we present an unusual identification of VT thanks to an Apple Watch®, as a result of which the patient decided to
seek medical attention.

1.2. Case description

A 60-year-old man, with a history of surgical repair for an interatrial defect and arrhythmogenic right ventricular cardiomyopathy,
experienced an out-of-hospital cardiac arrest. Previously, the patient had two cardiac arrests. The first took place in 2015, presenting as
polymorphic VT at 190 bpm without pulse, treated with a single dual shock in the emergency department. A cardiac magnetic
resonance revealed right ventricle (RV) dilatation with late gadolinium enhancement of the intramyocardial areas of septum and a
coronary angiography showed a normal appearance of the coronary arteries. Subsequently, the patient underwent an implanted
cardioverter-defibrillator (ICD) implantation for secondary prevention and was discharge on antiarrhythmic drugs (amiodarone and
bisoprolol). The second episode took place in 2018, and it was a VT at 185 bpm without a pulse, which was appropriately interrupted
by an ICD shock in the context of hypokalemia (K+ 3 mmol/L).

During an evening walk in late summer (August 2023), the patient began experiencing dizziness and palpitation.

An alert message of ‘Elevated Heart rate’ from his Apple Watch ® prompted him to record a single-lead ECG using the smartwatch.
Recognizing the wide complex tachycardia, he decided on the same day to seek for help. While awaiting medical assistance, he
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25 mm/s, 10 mm/mV, Elettrodo |, 512Hz, iOS 15.4.1, watchOS 8.6, Watch5,4, Versione algoritmo 2 - L'andamento della forma d'onda é simile a quello di un ECG di tipo
“Derivazione |". Per ulteriori informazioni, consulta le istruzioni d'uso.

Fig. 1. Apple Watch® ECG
One derivation-ECG recorded by Apple Watch® series 5, 25 mm/s, derivation I. The ECG shows a wide-QRS tachycardia, suggestive of VT.
Abbreviations: VT: Ventricular Tachycardia.
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received a shock from his ICD. The single-lead ECG recorded by his Apple Watch® is shown in Fig. 1. In the emergency department, an
ICD interrogation revealed 16 minutes of sustained VT at 183 bpm. The antitachycardia pacing (ATP) did not terminate the
arrhythmia. Electrolyte values were normal (K+ 4 mmol/L) and troponin level was slightly elevated (hsTnl 55 ng/L, reference range
<53 ng/L). The patient, upon admission, admitted not taking bisoprolol that morning. Transthoracic echocardiography demonstrated
RV dilatation with hypokinesia of the free wall and global disfunction of RV (TAPSE 14 mm, S’ TDI 6 cm/s, FAC 30 %). The left
ventricle had a normal dimension and preserved ejection fraction, while no relevant valve diseases were noted.

The patient underwent an urgent electrophysiology study and a VT from the anterior edge of the tricuspid valve was induced by
ventricular stimulation (Fig. 2). Subsequent radiofrequency ablation (RFA) successfully interrupted the VT (Fig. 3). Following RFA, no
other forms of VT were inducible, and the patient was discharged with an antiarrhythmic therapy (amiodarone and metoprolol).

2. Discussion

In this case we described the prompt recognition by a patient (together with his devices) of a sustained VT. This case is particularly
noteworthy because, unlike most reports where the Apple Watch® is primarily used to detect supraventricular arrhythmias such as AF,
it successfully identified a potentially life-threatening ventricular arrhythmia. This highlights the expanding role of wearable tech-
nology in the early recognition of a broader range of cardiac arrhythmias, including those with serious prognostic implications. This
expands the potential utility of such devices, allowing individuals with known arrhythmias, when appropriately educated by their
physicians, to better assess whether an ongoing arrhythmia detected by their devices warrants concern or immediate medical
attention.

Wearable technologies are rapidly advancing, and their adoption is expected to continue growing.

Many smartwatches offer heart rate monitoring.

The Apple Watch® uses two main methods to detect arrhythmias: photoplethysmography (PPG) and ECG. PPG is an optical
technique that continuously monitors heart rate using green LEDs and light-sensitive photodiodes to detect changes in blood volume
beneath the skin. It passively tracks heart rate variability and identifies irregular heartbeats, such as those seen in AF. By using light
beams and light-sensitive sensors on the smartwatch, changes in the blood volume passing through the wrist caused by the peripheral
pulse are measured to generate a PPG, which is used to estimate the heart rate. The peak-to-peak distance of the waves created by each
pulse can be interpreted as the R wave-R wave interval in the cardiac cycle [5]. Elevated resting heart rate (RHR) in individuals without
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Fig. 2. Induced VT at electrophysiology study.

The figure shows the VT induced during the electrophysiology study (inferior axis and left bundle branch block pattern). The VT morphology (see
lead I) appears to be analogous to that recorded by the device.

Abbreviations: VT: Ventricular Tachycardia.
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Fig. 3. VT ablation by RFA.

The figure shows the electroanatomical mapping and the position of the ablation catheter (top part), along with the ECG tracings (bottom part),
highlighting the interruption of the VT during RFA (green tracing).

Abbreviations: RFA: Radiofrequency Ablation; VT: Ventricular Tachycardia.

cardiovascular disease is associated with higher blood pressure, body mass index, impaired pulmonary function, and subclinical
inflammation [6]. Consistent evidence shows an independent association between elevated RHR and increased cardiovascular event
and mortality risks in general population [6]. While most research relies on single HR measurements, few studies explore temporal
changes in HR, relevant to wearable technologies. An increase in HR over time signals health deterioration, associated with adverse
events in conditions like heart failure, chronic obstructive pulmonary disease, diabetes, and rheumatoid arthritis [6].

Many devices, such as Apple Watch®, can record a single-lead electrocardiogram, thanks to the circuit between the two electro-
des—one located on the back of the watch in contact with the skin and the other on the digital crown—providing valuable health
information to general population [7]. The Apple Heart Study showed over 98 % sensitivity and over 99 % specificity for the detection
of AF(3). In this study, the detection of AF was based on continuous heart rate monitoring through plethysmography.

2024 ESC guidelines of AF now carry a Class I recommendation for the diagnosis of AF with smartwatches equipped with single-
lead ECG. This means that ECG recordings from devices such as the Apple Watch® are considered both appropriate and reliable when
reviewed by a healthcare professional. The accuracy of these devices for detecting AF has been well established, and they are now part
of the formal diagnostic pathway [8].

The Apple Watch® can alert the user (i.e., in case of AF) by different mechanisms: firstly, it can recognize AF and send a rhythm
notification recommending contacting emergency department. Secondly, it allows to download a PDF file of the one-lead ECG just
recorded, facilitating analysis by physician of arrhythmic events [3].

However, the endorsement of wearable devices for detecting ventricular arrhythmias has not yet been granted by major inter-
national societies like The Heart Rhythm Society. Nevertheless, the identification of supraventricular and ventricular arrhythmias by
the clinician on the ECG-Apple Watch®-PDF has been described [9]. Our case highlights the crucial role of correlating symptoms with
the ECG recorded by smartwatch. While the Apple Watch® did not directly identify VT, our patient, with a history of ventricular
arrhythmias, recognized the abnormal wide complex QRS pattern and thus sought for medical attention. Of course, this represents a
limitation as well. In this case, as well as in another previous similar report [8], the identification of the ventricular arrhythmias was
based on the ability of the patient to recognize symptoms and start single lead-ECG registration. However, ventricular arrhythmias can
often be asymptomatic, and an alternative could be the automatic recording of a predefined number of ECGs by smartwatches, similar
to the identification of AF. Otherwise, it could be feasible to design an algorithm that, upon detecting any irregularities in heart rate,
both in terms of rhythm and speed, would prompt the smartwatch to send a notification suggesting the user record an ECG.

Moreover, a single-lead ECG approach, while useful and easy to apply, also carries the risk of interpretative and diagnostic
challenges. Some authors, such as Cobos Gil et al. [9], have therefore suggested a ‘'multi-lead’” approach to overcome these limitations
and improve diagnostic accuracy, as described in their article that proposes the use of standard and precordial leads with an Apple
Watch®. Countless devices are available on the market for patients’ self-monitoring, often with multiple ECG leads [10]. These de-
vices, designed for use by non-medical personnel, can be connected to computers or smartphones. However, the more bulky and
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’external’ they are, the less likely they are to be practical or effective for 24-h monitoring, which is one of the undeniable advantage of
wearables like the Apple Watch®.

The ESC position paper emphasizes the importance of defining a clinically relevant populations that would particularly benefit
from the use of wearable devices for heart rate and arrhythmias monitoring [6]. Various types of bradyarrhythmias and tachyar-
rhythmias can be identified using smartwatches equipped with advanced cardiac monitoring features. Bradyarrhythmias, such as sinus
bradycardia and atrioventricular block, can be detected by measuring prolonged pauses or slow heart rates below normal physiological
thresholds. Similarly, tachyarrhythmias, including AF, supraventricular tachycardia, and VT to even ventricular fibrillation, are
recognized through the detection of elevated heart rates and irregular rhythms [4].

Ventricular arrhythmias are unpredictable events and the widespread use of smartwatches especially in patients with a history of
major arrhythmic events or risk factors like coronary artery disease, could facilitate diagnosis by physicians. Consequently, unusual
findings from these devices could be investigated more attentively. It is also important to consider the possibility of false positive
results due to noise and artifacts, especially during physical exercise, which could lead to overdiagnosis and overtreatment.

Moreover, even in patients who still have an ICD or loop recorder, smartwatch technology could offer significant advantages. In our
case, leading up to the ambulance call, the ICD had failed to treat this life-threatening arrythmia. If this VT had persisted at a rate of
160 bpm rate, the ICD would not have delivered a shock due to its programmed threshold rate (it was set between 180 and 200 bpm).
Certainly, experimental studies have suggested that delivering shocks may lead to direct myocardial stunning, and it is well established
that reducing shocks through ICD programming reduces mortality [10]. Therefore, the alert from his Apple Watch® could have helped
prevent the ICD shock if the patient had reached the emergency department on time.

In the future, smartwatches may identify VT even in asymptomatic patients and potentially replace internal implanted rhythm
monitoring devices like implantable loop recorders (ILR) [11-13]. Although ILRs don’t require patient activation, wearable tech-
nology with continuous PPE and prompt notification of irregular rhythm could offer 24-h rhythm monitoring like ILRs.

Furthermore, ILRs require subcutaneous implantation, posing a risk of infections, local pain and bleeding while wearables do not
necessitate invasive procedures.

Certainly, the analysis of VT alerts from smartwatches by an expert clinician will remain crucial to rule out false positives or ar-
tifacts that may elevate the risk of anxiety, unnecessary hospitalization, or inappropriate treatment [14]. Identifying artifacts in a
12-lead ECG is feasible by comparing signals in two or more derivations; if certain waves are not present simultaneously in every lead,
they are considered artifacts. However, in the single-lead ECG provided by a smartwatch, recognizing artifacts could be challenging,
potentially representing a limitation. This is undoubtedly a rapidly evolving field of scientific and technological innovation, where
some new tools—starting with sophisticated artificial intelligence algorithms capable of identifying, recognizing, and classifying
arrhythmias—seem poised to make a significant impact in the near future.

Moreover, even in patients with an ICD, this technology may enhance the detection of slower VT. Specifically, in cases where ICDs
fail to detect VT or anti-tachycardia pacing is unsuccessful, patients can record an ECG during symptoms. This proactive approach may
prompt physicians to adjust ICD programming and alert patients in a timely manner, so they can present themselves at the emergency
department before ICD shock, potentially reducing the number of shocks and consequently mortality.

Therefore, for individuals capable of automatically recording an ECG with a smartwatch, any symptoms or detection of heart
rhythm abnormalities should prompt the user to record an ECG, potentially through a notification.
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