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Although the outcome after myocardial infarction depends on the time to treatment, a delay 
between symptom onset and treatment is common. Apple Watch, a popular wearable de-
vice, provides the ability to perform an electrocardiogram. We review the progress made 
in using the Apple Watch to record multiple electrocardiogram leads for diagnosing myo-
cardial infarction. Although the data are encouraging, many limitations remain, and more 
research is needed. Nevertheless, the Apple Watch could eventually serve as a self-check 
tool for patients who have chest pains or other symptoms of myocardial infarction, thus 
substantially decreasing the time to treatment and improving the outcome after myocardial 
infarction. (Tex Heart Inst J 2022;49(4):e227845)

A bout every 40 seconds, someone in the United States (US) has a myocardial 
infarction (MI).1 The outcomes after MI depend on the time that elapses 
before treatment begins. More than half of individuals who have an MI die 

in an emergency room or before reaching a hospital within an hour of symptom onset.2 
The benefit of early treatment of MI is clear: survival rates increase by up to 50% if 
reperfusion is achieved within one hour of symptom onset and by 23% if achieved 
within 3 hours.3-5 Therefore, immediate treatment is essential. Without it, patients 
have higher rates of mortality and severe complications caused by increased infarct 
size, including cardiogenic shock, arrhythmias, and heart failure.6

	 To receive immediate diagnosis and treatment, patients need to seek medical atten-
tion as soon as symptoms develop. Unfortunately, in the US, the median time from 
symptom onset to hospital arrival ranges from 1.5 to 6 hours.7 Educating patients 
about the symptoms of MI is a highly recommended strategy for reducing the time to 
treatment.7,8 Although chest pain is a characteristic feature of MI, up to one-third of 
patients may not have this symptom, which can increase the difficulty of identifying 
the acute onset of MI.8 This may be why studies assessing this strategy have shown no 
reduction in delay time.8,9

	 The first diagnostic step for confirming MI is the traditional 12-lead electrocardio-
gram (ECG), which requires specific equipment and professional training to record 
and interpret. In 2018, Apple Inc. launched the Apple Watch series 4, touting its 
ability to record an ECG. If the ECG function of the Apple Watch, one of the most 
popular wearable devices globally, could provide a reliable analysis of MI risk when 
symptoms develop, it could then send a clear signal to the user to seek medical atten-
tion, thereby minimizing the delay in diagnosis and treatment.

Apple Watch’s Electrocardiographic Function

The Apple Watch uses one positive electrode (on the back of the watch) and one 
negative electrode (at the digital crown) to record a single-lead ECG. In this simple 
procedure, the watch is worn on the left wrist, and the wearer launches the ECG appli-
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cation on the watch and touches the digital crown of the 
watch with a right-hand finger. The watch then makes 
a 30-second recording to generate a bipolar signal from 
the voltage differences between the left and right arms, 
simulating a conventional ECG lead I recording. Then, 
the ECG application can perform a rhythm analysis 
and classify the recording as sinus rhythm, bradycardia, 
tachycardia, atrial fibrillation, or inconclusive.10 Because 
the watch provides only single-lead information, Apple 
clearly indicates that it cannot be used to detect MI.10,11

Expanding Use of 
Apple Watch’s 

Electrocardiographic Function

In the clinical setting, a 12-lead ECG is currently needed 
to diagnose MI. Many studies12-15 have examined the pos-
sibility of using the Apple Watch to record multiple leads 
to meet this requirement for a clinical diagnosis of MI.

Limb Leads I, II, and III
Electrocardiographic leads I, II, and III are an integral 
part of the standard 12-lead ECG in routine clinical 
applications. The Apple Watch can record lead I, and, 
according to the Einthoven triangle, it could acquire 
leads II and III by using different parts of the body.15 
The watch could be placed on the left lower abdomen, 
the left thigh, or the left ankle, and lead II could be 
recorded by placing the right index finger on the crown 
of the watch; lead III could be recorded in the same 
manner by placing the left index finger on the crown 
(Fig. 1). The left lower abdomen has been shown to 
provide the best quality signal.13 Several studies12-18 have 
verif ied the overall accuracy of this approach and its 
comparability to the standard 12-lead ECG, and they 
have shown the signal’s tracing quality and the duration 
and amplitude of waves generated by the Apple Watch 
to be suitable for diagnosis. Cardiologists have been 
able to correctly allocate in blinded fashion more than 
90% of Apple Watch ECG signals to the corresponding 
standard ECG leads.15,17,18 These results suggest that the 

recording of leads I through III by the Apple Watch is 
accurate and highly comparable to their recording on a 
standard ECG.

Precordial Leads V1 Through V6
Precordial leads (V1–V6) are also part of the standard 
12-lead ECG and are important for identifying and lo-
cating an MI. During recording of the 12-lead ECG, 
the precordial leads are created by subtracting the po-
tential at the Wilson central terminal (WCT) from the 
potential at each precordial electrode.19 The WCT is the 
average potential of the 3 limb potentials, R, L, and F. 
When an Apple Watch is placed in the same position 
as the precordial electrodes, it can also generate similar 
ECG signals; however, the reference point is the right 
or left arm for Apple Watch precordial recordings.20 
Therefore, the resulting P-QRS-T waveforms are not 
identical to those of the corresponding leads gener-
ated by the WCT reference. If the watch is placed on 
the chest with the left f inger touching the crown, the 
signals are designated CL1 through CL6. Accordingly, 
with the right finger touching the crown, the watch will 
generate CR1 to CR6 signals (Fig. 2). In most previous 
studies in which the Apple Watch was used to record 
precordial signals, CR signals were generated.14,21 These 
findings suggest that CR leads recorded by the Apple 
Watch correspond correctly to standard V leads.
	 However, considering the reference difference be-
tween the standard 12-lead ECG and the Apple Watch, 
the accuracy of the Apple Watch in detecting MI may 
be affected if the watch is following the 12-lead ECG 
threshold. For example, in one study that compared the 
CR/CL signals with the standard V leads, the sensitiv-
ity of CR/CL leads in detecting ST-segment elevation 
myocardial infarction (STEMI) was slightly lower.22 
Therefore, further study is needed to ascertain whether 
the Apple Watch ECG needs exclusive criteria to detect 
MI accurately.
	 Another method to generate precordial lead signals 
using the Apple Watch has been proposed.17 This ap-
proach is similar to the CR recording, but requires 
using the left hand to enclose the right wrist. The 

Fig. 1  Illustration shows the Einthoven triangle and how to use the Apple Watch to record leads I through III. 
 

From Behzadi A, Sepehri Shamloo A, Mouratis K, Hindricks G, Arya A, Bollmann A. Feasibility and reliability of smartwatch to obtain 
3-lead electrocardiogram recordings. Sensors (Basel) 2020;20(18):5074.13  Used under the terms of the Creative Commons CC-BY license.
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ECG signal recorded through this approach is identical 
to that of the standard ECG. However, this method 
is more complicated for patients to use, and no other 
studies of this approach have been published.

Augmented Vector Leads aVL, aVR, and aVF
Augmented vector leads aVL, aVR, and aVF are also 
part of the standard 12-lead ECG. Using the Apple 
Watch, a bipolar system, to generate the augmented 
vector leads is difficult because it cannot create 2 nega-
tive poles.23 Although some methods are available for 
producing such signals on the Apple Watch, no peer-
reviewed studies have been published that describe or 
compare their accuracy with that of the standard ECG.

Apple Watch in Detecting 
Myocardial Infarction

As discussed above, the Apple Watch can reliably pro-
duce a 9-lead ECG that includes leads I, II, and III and 

precordial leads similar to V1 through V6. Based on 
these findings, several reports12,14,24,25 and a study21 have 
been published on the use of the Apple Watch in de-
tecting MI or acute coronary syndrome. The published 
research is limited, mostly in the form of case reports 
(Table I). In the most extensive study to date,21 Spacca-
rotella and colleagues enrolled 100 patients, including 
54 patients with STEMI and 27 with non-STEMI. In 
that study, Apple Watch had a sensitivity of 93% and 
specif icity of 95% for detecting STEMI, compared 
with a sensitivity of 94% and specif icity of 92% for 
detecting non-STEMI.
	 Although these published reports support the idea 
that the Apple Watch can detect the ST change during 
ischemic onset, the small test population undermines 
the reliability of the results. Larger-scale clinical trials 
are needed to examine how accurately the Apple Watch 
can not only rule in, but also rule out, an MI; no studies 
to date have addressed this aspect. Therefore, despite 
encouraging early results, studies of the Apple Watch 

Fig. 2  Photographs show how to position the Apple Watch for obtaining precordial electrocardiograms. The precordial leads are recorded 
as CR1 through CR6 , corresponding, respectively, to the locations of V1 (4th intercostal space right parasternal), V2 (4th intercostal space left 
parasternal), V3 (between V2 and V4), V4 (5th intercostal space midclavicular line), V5 (5th intercostal space anterior axillary line), and V6 (5th 
intercostal space midaxillary line). 
 

From Spaccarotella CAM, Polimeni A, Migliarino S, Principe E, Curcio A, Mongiardo A, et al. Multichannel electrocardiograms obtained by a 
smartwatch for the diagnosis of ST-segment changes. JAMA Cardiol 2020;5(10):1176-80.21 Used under the terms of the Creative Commons 
CC-BY license.
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for detecting MI are still in the proof-of-concept stage, 
with many limitations that need to be examined before 
the watch can be widely used to detect MI.

Technical Limitations
Technical differences between the Apple Watch ECG 
and the standard 12-lead ECG, such as the way in which 
precordial leads are recorded and described, may change 
the diagnostic criteria for MI. However, in the largest 
study so far,21 researchers clearly used the terminology 
of V1 through V6 instead of CR1 through CR6. Authors 
may omit the difference intentionally to make this con-
cept more popular, but more work is necessary to define 
the criteria for the Apple Watch ECG. In addition, it is 
possible that the patient may record CL rather than CR 
signals; the effect of this scenario on the diagnosis of MI 
is unknown and needs further clarification.
	 Except in the case of the precordial leads, the Apple 
Watch ECG records leads asynchronously (sequential-
ly); in contrast, the standard ECG can record multiple 
leads simultaneously. This difference can make J-point 
detection more difficult. In a study comparing the QT 
interval measured on asynchronous ECG leads versus 
on a standard ECG, clinically important differences 
(>20 ms) were observed in nearly 25% of the study 
population.26 Again, no studies have examined the dif-
ferences between asynchronous and synchronous ECG 
acquisition, and all previous studies have used standard 
ECG criteria in Apple Watch–acquired ECGs. Data are 
needed to assess this type of comparison.

Study Protocol Limitations
Using the Apple Watch to detect MI is not meant to 
replace the standard 12-lead ECG. Rather, the Apple 
Watch could serve as a new MI screening tool for peo-
ple at home or in other environments. In addition to 
ensuring the accuracy of the results, we need to focus 
on the patient experience and the convenience of using 

this approach. In the above-mentioned study of 100 
patients,21 each patient needed to record 9 leads (I, II, III, 
and CR1–CR6) with the Apple Watch. This procedure 
may pose 2 challenges for patients. First, the process 
for acquiring the ECG is time-consuming. In the study 
by Spaccarotella’s group,21 the average recording time 
was 5.73 minutes. In an emergency, an approximately 
6-minute test involving 9 recording maneuvers may 
be too long and complicated. Second, patients with-
out any knowledge of ECG recording may have diffi-
culty recording all 9 leads accurately. Even professional 
staff can make mistakes by placing the chest electrodes 
(precordial leads) in the wrong place.27 Displacement of 
precordial leads can affect the ECG morphology and 
lead to a misdiagnosis.28,29 The issue of where patients 
should place the Apple Watch when recording an ECG 
has not been previously addressed. In most studies, the 
recording was performed or supervised by physicians, 
not patients. Moreover, no studies have compared re-
sults of recordings made by patients with those made 
by physicians. Accordingly, the reliability of the Apple 
Watch as a home tool for detecting MI is unknown. 
In a retrospective study of the use of artif icial intelli-
gence simulation, 3 asynchronous ECG leads (I, II, and 
V5) were able to detect MI, and 4 leads (I, II, V2, and 
V5) were an even better predictor.30 Although no stud-
ies based on these conclusions have been performed in 
humans, these results provide a potential direction for 
an Apple Watch study. Developing an easier self-check 
protocol that requires only 3 or 4 recordings may help 
regular users avoid mistakes and save time.

Future Challenges
Apple Watch is not the only wearable device on the 
market with an ECG function. Many similar products 
are available, such as the Fitbit Watch and the Galaxy 
Watch. These devices are ushering in a new era of con-
sumer-driven health monitors. Although other mobile 
ECG devices such as the KardiaMobile 6L can provide 

TABLE I. Studies of the Apple Watch in Detecting Myocardial Infarction

Reference
Report 
Type

No. of 
Patients 

Leads 
Recorded

Patient 
Type

Avila CO12 (2019) Case report 2 I, II, and III STEMI

Stark K, et al.25 (2020) Case report 1 I STEMI

Spaccarotella CAM, et al.21 (2020) Prospective 
study

100 CR1–CR6,* I, II, and III STEMI (n=54); 
non-STEMI (n=27); 
healthy controls (n=19)

Drexler M, et al.24 (2020) Case report 1 I Angina

Cobos Gil MA14 (2020) Case report 2 CR1–CR6,* I, II, and III STEMI (n=1); 
non-STEMI (n=1)

CR = chest-right arm; STEMI = ST-elevation myocardial infarction 
 

*Corresponding to conventional leads V1 through V6.
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more professional recordings, the popularity of the 
Apple Watch and other similar devices offers an im-
portant advantage. An estimated 20% of US residents 
currently own a wearable device, and the global market 
is expected to grow at a compound annual growth rate 
of 25%, reaching $70 billion by 2025.31 The expansion 
of telehealth during the COVID-19 pandemic further 
accelerated adoption of wearable devices. Thus, any 
healthcare breakthroughs based on these devices will 
benefit a large population. The Apple Watch and other 
wearable devices provide a powerful platform for track-
ing one’s personal health status through functions that 
include recording ECGs; monitoring heart rate, oxy-
gen saturation, and blood pressure; and applying other 
emerging techniques (e.g., biosensors for troponin32 and 
glucose33). This platform may offer a comprehensive so-
lution for MI detection. For example, SmartCardia, a 
device that records ECGs and monitors multiple vital 
signs, has achieved 90% accuracy in detecting MI.34 
With their panoply of functions and with further study, 
these wearable devices may improve diagnostic accuracy 
even more.
	 Despite this promise, achieving the goal of early MI 
detection relies on the awareness of the users and their 
long-term behaviors. Finding an effective way to educate 
a large population on how to use these smart devices 
and the importance of using them daily is challenging. 
In a clinical trial reported in 2016,35 investigators ques-
tioned the value of wearable devices in improving clini-
cal outcomes without incentives. In a large population, 
improving MI outcomes with a wearable device may be 
diff icult without widespread education on its correct 
use, even with a good MI detection plan.

Conclusion
The Apple Watch shows promise for detecting MI. Cur-
rent studies have shown that it can record multiple-lead 
ECG signals and detect the ST change during MI. How-
ever, there are still many limitations to achieving the ob-
jective of early MI detection, and more clinical data are 
needed. Future work should aim at making the ECG 
recording procedure less complex. With further research, 
we believe that the Apple Watch and other wearable de-
vices can play a prominent role in promoting heart health.
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