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ABSTRACT

Background: Early recognition and treatment of ST-elevation
myocardial infarction (STEMI) results in better outcomes.

Objectives: To describe a novel technique using the Apple
Watch 4 (Apple Inc, Cupertino, CA) to obtain a 3-lead electrocar-
diogram (ECG) and confirm the watch’s feasibility to detect cardiac
ischemia in selective cases with a particular injury pattern.

Methods: Two male patients in the Emergency Department had
STEMI apparent on their ECGs. These findings were compared with
those from the Apple Watch 4, whose positioning was adjusted
for 3-lead ECG.

Results: The patients’ real-time, watch-based, 3-lead ECG
tracings matched the traditional ECGs demonstrating STEMI, con-
firming the potential ability of this device to uncover myocardial
ischemia. In each patient, cardiac catheterization revealed severe,
100% occlusion of the right coronary artery.

Conclusion: The Apple Watch 4 could lead to earlier detection
of acute coronary artery disease, but sensitivity and specificity
remain unknown.

INTRODUCTION

One in 4 people die of heart disease in the US.! Urgent revas-
cularization is indicated in patients with ST-elevation myocardial
infarction (STEMI), and earlier treatment reduces morbidity and
mortality.? Multiple barriers have been identified in preventing
the early recognition of STEMI, including preexisting bias of
symptoms, incorrect rationale, attribution to other medical con-
ditions, and lack of awareness of the importance of rapid treat-
ment.>” There are educational recommendations for health care
practitioners, patients, and family to receive information about
acute myocardial infarction to improve on treatment delays.®’
Extending the availability of electrocardiograms (ECGs) could
lead to earlier recognition and prompt treatment of acute coro-
nary artery disease.

Miillions of people own the Apple Watch 4 (Apple Inc, Cuper-
tino, CA), which can perform a single-lead ECG.%’ Inadvertently,
I noted the watch’s ECG lead reversal when wearing the watch
on the right wrist instead of the left. Subsequently, I tested the
watch’s capability to create a 3-lead ECG by adjusting the po-
sitioning of the watch using the Einthoven triangle as a guide.
The watch has electrodes built into the digital crown (negative)
and the back crystal (positive) to detect cardiac electrical signals.
Lead I can be obtained using the watch as intended: Wearing
the watch on the left wrist and the right index finger touching
the digital crown. However, leads II and III can also be obtained
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Figure 1. Positioning of Apple Watch 4 for 3-lead electrocardiography.

by placing the positive electrode (back of the watch) against the
midabdomen and using the negative electrode (digital crown)
with the right or left index finger (Figure 1).

METHODS

By adjusting the use of the Apple Watch 4, as shown in Figure 1,
a3-lead ECG can be obtained. These lead tracings were confirmed
in control participants (Figure 2). Additionally, the watch’s 3-lead
ECG was tested in 2 patients to determine concordance with

ECGs showing STEMI.
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ContolLead 1:cG RESULTS
: Case1
A 52-year-old man presented to the Emergency Department
with chest pain. He reported that his symptoms started “fairly
quickly”with 9 of 10 epigastric and retrosternal chest pressure. He
reported a history of back pain, but this episode was “much worse
than usual” and involved his chest. On presentation, his ECG
revealed a STEMI. There was notable ST-segment elevation in
leads III/aVF with reciprocal changes including ST-segment
depression I/aVL (Figure 3). Results of the initial laboratory
/\——‘LA__«L/\——QL/\,——J./\__J/\——J. studies were notable for an elevated troponin level.
The patient was treated for acute coronary syndrome. While
the patient was awaiting transport to the cardiac catheterization
laboratory, I obtained informed consent to perform a 3-lead
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Figure 3. Electrocardiogram reveals a ST-elevation myocardial infarction in a Figure 4. Lead tracings of traditional electrocardiogram (ECG) and Apple
52-year-old man (case 1). Watch 4 in case 1.

STEMI = ST-segment elevation myocardial infarction.
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ECG with the Apple Watch 4 to determine concordance of
its leads against the patient’s STEMI-demonstrating ECG
(Figure 4). The real-time, watch-based, 3-lead ECG tracing
matched the traditional ECG waveforms. Cardiac catheterization
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Figure 5. Electrocardiogram reveals a ST-elevation myocardial infarction in a
68-year-old man (case 2).
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Figure 6. Lead tracings of traditional electrocardiogram (ECG) and Apple
Watch 4 in case 2.
STEMI = ST-segment elevation myocardial infarction.

revealed severe, 100% occlusion at the ostium of the right pos-
terolateral branch of the dominant right coronary artery.

(ase2

A 68-year-old man arrived at the Emergency Department
with chest pain. His symptoms started while working in the
yard. He described the pain as pressure with associated nausea
and vomiting. On presentation, his ECG also revealed a STEMI
with notable ST-segment elevation in lead I1I/aVF and recipro-
cal ST-segment depressions in lead I/aVL (Figure 5). He was
treated for acute coronary syndrome. I obtained informed consent
to perform a 3-lead ECG with the Apple Watch 4 to deter-
mine concordance against the patient’s ECG demonstrating
STEMI (Figure 6). The real-time, watch-based, 3-lead ECG
tracing matched the traditional ECG waveforms. Cardiac
catheterization revealed severe, 100% occlusion of the right
coronary artery.

DISCUSSION

In these selected cases, the 3-lead ECG tracings obtained from
the Apple Watch 4 matched the waveforms of the traditional
ECGs demonstrating STEMI, confirming the potential ability
of this smart watch to uncover myocardial ischemia.

Recent innovations in mobile health care technologies are
disrupting traditional medical practice. Numerous publications
reveal the use of these devices in early detection of arrhythmias,
heart blocks, and cardiac ischemia.’®> With this new watch
function, the potential early detection of cardiac ischemia may
permit earlier lifesaving intervention that could have a major
impact on morbidity and mortality. The Apple Watch 4 reports
2 98.3% sensitivity in atrial fibrillation detection.’ However, the
sensitivity and specificity of the watch’s 3-lead ECG to detect
cardiac ischemia are yet to be determined. The watch is also cur-
rently limited by an inability to detect precordial leads, which
could miss cardiac ischemia in other cardiac regions. Further
studies are needed to verify if the watch could yield valuable
diagnostic information.

CONCLUSION

This article reveals a novel use of the Apple Watch 4 to ob-
tain a 3-lead ECG. Adjustments to its software might yield
the capability to obtain the augmented limb leads generating
a 6-lead ECG. The watch has already received clearance from
the US Food and Drug Administration for detection of atrial
fibrillation" and the novel technique described here could ex-
pand its function. This additional function of the watch may
serve to implement a low-cost but high-value method of pa-
tient empowerment in the earlier detection of acute coronary
artery disease. %
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Electrocardiography

This instrument—the string galvanometer—is essentially
composed of a thin silver-coated quartz filament, which is
stretched like a string, a strong magnetic field. When an electric
current is conducted through this quartz filament, the filament
reveals a movement which can be observed and photographed
by means of considerable magnification.

— Willem Einthoven, 1860-1927, Dutch physician and physiologist who invented
the first practical electrocardiogram, 1924 Nobel Prize winner in medicine
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