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Background It was recently demonstrated that the detection of atrial fibrillation based on heart rate tracking by optical sensors
is feasible and reliable using the Apple Watch and the corresponding application. There are already a number of
smartwatches and other wearable devices alongside the Apple Watch that can additionally record a single-lead
electrocardiogram (ECG) and it is reasonable to expect this technology to become a standard feature, as is already
the case with automated heart rate tracking. This could potentially have enormous impact regarding the early diag-
nosis of several cardiac diseases.

...................................................................................................................................................................................................
Case summary A 61-year-old male patient without previously known coronary artery disease was admitted with subacute ST-

elevation myocardial infarction (STEMI) caused by occlusion of left anterior descending artery. Due to mildness of
symptoms, the patient did only seek medical attention due to morphological changes in the single-lead ECG tracing
acquired on his Apple Watch 5. The ECG recording of his smartwatch clearly showed ST-elevation, QRS widening,
R-wave loss, and T-wave inversion. Coronary angiography revealed occlusion of the left anterior descending and
recanalization was performed. The patient recovered without any complications and was discharged from the hos-
pital 4 days after admission.

...................................................................................................................................................................................................
Discussion While the potential of ECG recordings by smartwatches to detect atrial fibrillation is currently under scientific in-

vestigation, this case highlights the possible potential of these devices to detect STEMI.
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Learning points
• In our selected case an Apple Watch electrocardiogram (ECG) application recognized morphological ECG aberrations caused by ST-eleva-

tion infarction.
• The use of an Apple Watch in the early diagnosis of ST-elevation myocardial infarction needs to be evaluated in large prospective trials.
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Introduction

Wearable devices such as smartwatches and activity trackers are in-
creasingly used in the general population without medical indication
and can detect irregular pulses by optical sensors. A large scale clinic-
al trial recently demonstrated that the detection of atrial fibrillation
based on this data is feasible, using the Apple Watch and the corre-
sponding application.1 Additionally, the Apple Watch Series 4 and 5
(Apple Inc., Cupertino, CA, USA) are among the first devices to offer
complementary single-lead electrocardiogram (ECG) tracing.
Recently, the Apple Watch received FDA clearance for both ECG
and irregular rhythm notification functions. However, this ECG trac-
ing is not intended to detect signs of myocardial ischaemia and there-
fore the clinical utility of this new monitoring approach for this
setting is unknown. However, millions of people currently own an
Apple Watch and the immediate accessibility of an ECG tracing could
potentially shorten the time to diagnosis and revascularization, espe-
cially in patients with ST-elevation myocardial infarction (STEMI),
where earlier treatment reduces morbidity and mortality.2 Here, we
present a case of STEMI, where the diagnosis was driven by ECG
changes detected by an Apple Watch.

Timeline

Case presentation

A 61-year-old male patient without previously known coronary ar-
tery disease was admitted for subacute STEMI. The patients cardio-
vascular risk factors included arterial hypertension and dyslipidaemia.
The patient reported mild angina and dyspnoea beginning 3 days
prior hospital admission. Symptoms were initially interpreted as mus-
cular in origin by the patient, therefore he did not seek immediate
medical attention. However, upon persistence of symptoms the pa-
tient performed serial ECG recordings on his Apple Watch, where
he noticed a change in QRS-complex morphology himself. Figure 1A

and B depicts the corresponding single-lead ECG tracings acquired
by the patient’s Apple Watch a week before (A) and a day after (B)
the start of chest pain, together with the specific recommendation
generated by the applications internal algorithm. After onset of chest
pain, the ECG tracing clearly showed an ST-elevation, QRS widening,
R-wave loss, and T-wave inversion. The ECG lead acquired was cor-
responding to the Einthoven I lead, since the patient wore his smart-
watch on the right wrist. These alterations were new in comparison
to the previous ECG tracings before onset of angina and moreover,
they were clearly reproducible in repeated tracings, which were
acquired by the patient in the course of the following 3 days preced-
ing hospitalization. Importantly, after onset of chest pain, the device
algorithm noted an inconclusive ECG and suggested consultation of a
doctor if the patient experienced any symptoms (Figure 1B and C),
while the ECG tracing before was diagnosed as non-pathological by
the device (Figure 1A). Angina and dyspnoea symptoms persisted dur-
ing the following 3 days, but since the patient did not consider symp-
toms to be of cardiac origin, it was this Apple Watch alert which
prompted the patient to arrange an appointment with a primary care
cardiologist, where a 12-lead ECG showed ST-elevation of the anter-
ior wall (I, aVL, V3–V6) (Figure 1D). The patient was immediately
transferred to our chest pain unit. Physical examination showed
rhythmic, normofrequent heart rate, blood pressure of 140/
85 mmHg. Auscultation of heart and lung was inconspicuous.
Transthoracic echocardiography on admission showed moderately
impaired global left ventricular ejection fraction with akinesia of the
apex and significant hypokinesia of the anterior left ventricular wall
(representative video clips are included in the Video 1). Initial troponin
(T-hs) was 5.29 ng/mL (ref: <0.014 ng/mL) and increased to a max-
imum of 6.22 ng/mL, CK-MB activity was 70 U/L (ref: <24 U/L) and
lactatedehydrogenase upon admission was 806 U/L (ref: <249 U/L).
Despite the subacute clinical course, persistence of angina symptoms
upon hospitalization together with ST-elevations triggered the per-
formance of an urgent coronary angiography, which revealed coron-
ary artery disease with thrombotic occlusion of the middle segment
of the left anterior descending artery (LAD). Successful recanalization
of LAD was achieved by thrombus-aspiration and placement of one
drug-eluting stent (Xience/3.5 mm � 28 mm) (representative video
clips are included in the Video 1). The patient’s cardiovascular risk fac-
tors were arterial hypertension and hypercholesterinaemia of which
only hypertension was previously treated. Peak creatine kinase
reached 980 U/L (ref: <189 U/L) and normalized after 3 days. Angina
symptoms ceased completely immediately after the coronary inter-
vention. The patient was discharged from our intensive care unit after
24 h and left the hospital 4 days after admission. Upon follow-up after
3 months, the patient reported absence of any symptoms, with good
exercise capacity.

Discussion

Contemporary cardiac implanted electrical devices are dedicated to
detection of cardiac arrhythmias. Although specific algorithms for de-
tection of ST-segment elevation of the intracardiac ECG exist in
some implantable cardioverter-defibrillator devices, there is so far no
proven benefit in the detection of myocardial ischaemia or infarc-
tion.3 In contrast to implanted cardiac monitors and cardiac rhythm

Day 1 Patient experiences chest pain symptoms for the

first time and repeatedly records Apple Watch

electrocardiogram (ECG) strips.

Day 3 Patient presents to his primary care physician due

to repeated warnings generated by the Apple

Watch ECG Application. There, 12-lead ECG

confirms ST-elevations and patient is immediately

referred to chest pain unit.

Coronary angiography reveals occlusion of left

anterior descending artery. After successful recanali-

zation patient is referred to intensive care unit.

Day 4 Patient remains stable and is transferred to regular

ward.

Day 7 Patient is discharged home in good condition.

Follow-up

(3 months)

Patient presents asymptomatic with unrestricted

exercise capacity.

2 K. Stark et al.
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..management devices, ECG monitoring by smartwatches is used unse-
lectively without medical indication and the possibilities of mobile
digital health solutions are rapidly increasing, with potentially millions
of people gaining access to patient-generated continuous heart rate
monitoring and rhythm surveillance by single-lead ECG recording.
This has the potential to disrupt traditional health care delivery in car-
diovascular medicine. Among currently commercially available smart-
watches, the Apple Watch Series 4 and 5 are able to record a single-
lead bipolar ECG, which is analysed by the devices algorithm.
However, there have been recent reports, which describe the acqui-
sition of Einthoven leads with the Apple Watch 4 as feasible and re-
producible4 and obtaining these additional leads merely requires
alternative positioning of the Apple Watch. Recording of Einthoven
lead I, II, and III can be performed between the left arm wrist, the right
index finger, the left lower abdominal region, and the left index finger,
respectively.4,5 Additionally, Samol et al.5 recently reported the
recording of three Wilson-like ECG leads Wr (right), Wm (medial),
and Wl (left), which correspond with leads V1, V4, and V6 of a regu-
lar 12-lead ECG. Although there is not yet a standardized protocol
to record these additional leads, this could be implemented fairly eas-
ily and offer an enormous diagnostic potential. Importantly, Avila4

and Samol et al.,5 retrospectively compared smartwatch ECG
recordings in two cases and one case of STEMI patients, respectively,
with 12-lead ECG after diagnosis and demonstrated good compar-
ability. Our case, however, is the first report and proof of concept,

demonstrating that an out of hospital, self-acquired single-lead ECG
tracing can adequately detect ST-segment elevation and trigger the
correct diagnosis. Our patient wore his Apple Watch on his left arm
wrist and therefore recorded the ECG with his right index finger,
which means that the recorded lead corresponds the Einthoven lead
I. When compared with the Einthoven I lead acquired in the 12-chan-
nel standard ECG upon hospitalization, the key alterations in the
Apple Watch ECG, namely ST-level elevation, QRS widening, R-
wave loss, and T-wave inversion are strikingly comparable (Figure 1E).
It might be highly beneficial if such ECG alterations or symptoms of
angina would trigger automated programs for acquisition of multi-
channel ECG recordings by differential smartwatch positioning, as
described above. We believe that this could potentially shorten the
time to correct diagnosis of myocardial infarction and revasculariza-
tion, or lead to medical consultation of patients who would other-
wise not do so, as is the case for our patient. Recent studies, as well
as the recent European Society of Cardiology (ESC) guidelines em-
phasize shortening maximum delay between ‘onset of symptoms’ to
‘first medical contact’ and coronary intervention in STEMI patients.6,7

While there have been substantial improvements regarding the delay
in treatment of STEMI within the medical system, the patient-related
reasons for delays are harder to ameliorate especially in cases of si-
lent myocardial infarction. Clinical predictors of patient-related rea-
sons for delays in STEMI-treatment include for example female
gender, type II diabetes, anterior infarction, or living alone.8,9

Figure 1 (A) Single-lead electrocardiogram tracings acquired by the patient’s Apple Watch a week before and (B) a day after the onset of chest
pain symptoms, combined with the specific recommendations generated by the applications algorithm (smartwatch lead correspond to Einthoven I).
(C) Direct comparison between Apple watch electrocardiogram and corresponding standard electrocardiogram lead (Einthoven I). (D) Standard 12-
lead electrocardiogram recorded upon hospitalization, shows ST-elevations corresponding to the culprit lesion.

STEMI on a smartwatch 3
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Especially for these patient groups self-acquired mobile device ECG
recordings might significantly improve outcome and prevent late
presentation.

However, the implementation of medical diagnostic tools in com-
mercially available devices without standardized follow-up by physi-
cians is potentially problematic. This could lead to uncertainty of
consumers and additionally could result in thousands of false positive
alerts, with an enormous burden on primary care physicians and
emergency medicine services. With our report, we hope to highlight
the need to closely follow these developments as medical community
and implement the devices and the data acquired in high-quality sci-
entific studies. While there is already good evidence in regards to de-
tection of atrial fibrillation by these devices, clinical trials evaluating
the potential of smartwatch ECG recordings to detect myocardial is-
chaemia are still lacking and will be of dire need in order to allow an
evidence-based handling of patient acquired reports, presented to
physicians. In the currently ongoing ‘ST LEUIS International
Multicenter Study’, a standard 12-lead ECG and a smartphone ‘12-
lead equivalent’ ECG will be recorded simultaneously, using the
AliveCorTM Heart Monitor in patients presenting with chest pain for
which the STEMI protocol was activated.6 Overall these develop-
ments have the potential to accelerate the diagnosis of myocardial is-
chaemia, while allowing not only sensitive but also specific detection
of myocardial ischaemia in STEMI.
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Video 1 Echocadiography clip 1 depicts the ‘apical four-chamber
view’ and Echochardiography clip 2 depicts the ‘two-chamber view’.
Global left ventricular ejection fraction is moderately impaired, with
akinesia of the apex and significant hypokinesia of the anterior left
ventricular wall. Coronary angiography clip 1 depicts the left coron-
ary system in right anterior oblique with caudal angulation with
thrombotic occlusion of the middle segment of the left anterior
descending artery. Coronary angiography clip 2 depicts the left cor-
onary system in left anterior oblique with craniall angulation with
thrombotic occlusion of the middle segment of the left anterior
descending artery. Coronary angiography clip 3 shows the left coron-
ary system after successful recanalization of the left anterior descend-
ing artery using a drug-eluting stent (Xience/3.5 mm� 28 mm).
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