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IMPORTANCE Acute coronary syndromes are the leading cause of death worldwide and the
leading cause of disease burden in high-income countries. Quick and accurate diagnosis of
acute coronary syndromes is essential to avoid fatal events, for timely intervention, and to
improve the prognosis.

OBJECTIVE To prospectively investigate the feasibility and accuracy of a smartwatch in
recording multiple electrocardiographic (ECG) leads and detecting ST-segment changes
associated with acute coronary syndromes compared with a standard 12-lead ECG.

DESIGN, SETTING, AND PARTICIPANTS A commercially available smartwatch was used in 100
participants to obtain multiple-channel ECGs. The study was conducted from April 19, 2019,
to January 23, 2020. Fifty-four patients with ST elevation myocardial infarction, 27 patients
with non-ST elevation myocardial infarction, and 19 healthy individuals were included in the
study. The watch was placed in different body positions to obtain 9 bipolar ECG tracings
(corresponding to Einthoven leads I, II, and III and precordial leads V1-V6) that were
compared with a simultaneous standard 12-lead ECG.

MAIN OUTCOMES AND MEASURES The concordance among the results of the smartwatch and
standard ECG recordings was assessed using the Cohen κ coefficient and Bland-Altman
analysis.

RESULTS Of the 100 participants in the study, 67 were men (67%); mean (SD) age was 61 (16)
years. Agreement was found between the smartwatch and standard ECG for the
identification of a normal ECG (Cohen κ coefficient, 0.90; 95% CI, 0.78-1.00), ST-segment
elevation changes (Cohen κ coefficient, 0.88; 95% CI, 0.78-0.97), and non–ST-segment
elevation changes (Cohen κ coefficient, 0.85; 95% CI, 0.74-0.96). In addition, the
Bland-Altman analysis demonstrated agreement between the smartwatch and standard ECG
to detect the amplitude of ST-segment changes (bias, −0.003; SD, 0.18; lower limit, −0.36;
and upper limit, 0.36). Use of the smartwatch ECG for the diagnosis of normal ECG showed a
sensitivity of 84% (95% CI, 60%-97%) and specificity of 100% (95% CI, 95%-100%); for ST
elevation, sensitivity was 93% (95% CI, 82%-99%) and specificity was 95% (95% CI,
85%-99%); and for NSTE ECG alterations, sensitivity was 94% (95% CI, 81%-99%) and
specificity was 92% (95% CI, 83%-97%).

CONCLUSIONS AND RELEVANCE The findings of this study suggest agreement between the
multichannel smartwatch ECG and standard ECG for the identification of ST-segment changes
in patients with acute coronary syndromes.
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A n electrocardiogram (ECG) is not always immediately
available in individuals with suspected acute coro-
nary syndromes. Smartwatches are widespread and in-

creasingly being used for digital health information. Apple
Watch Series 4 (Apple Inc) introduced an integrated ECG tool
that allows recording a single-lead ECG.1-3 This smartwatch can
reliably detect atrial fibrillation and has received US Food and
Drug Administration approval.4,5

Previous studies have explored the possibility for use of
the smartwatch to record multiple ECG leads.6 There are
also anecdotal reports of smartwatch use in patients with
acute myocardial ischemia.3,6 However, to our knowledge,
there are no studies that prospectively assessed the use of a
smartwatch in a series of patients with acute coronary syn-
dromes. Accordingly, the present study aimed to assess the
feasibility and agreement of a smartwatch compared with a
standard 12-lead ECG in patients with acute coronary syn-
dromes.

Methods
The study population included 100 individuals: 54 sympto-
matic patients (54%) with an ST-segment elevation myocar-
dial infarction (STEMI), 27 symptomatic patients (27%) with
a non–ST elevation myocardial infarction (NSTEMI) admitted
to the coronary care unit of our division, and 19 healthy indi-
viduals (19%) as controls. The study was conducted from April
19, 2019, to January 23, 2020. The ethical committee of Magna
Graecia University approved the study and all participants in-
cluded gave written informed consent; participants did not re-
ceive financial compensation. This study followed the reporting
guideline for case series.

Participants used the ECG app in the Apple Watch Series
4 smartwatch to record the ECGs. Standard 12-lead ECGs were
performed (MAC 5500; GE Healthcare) with a paper speed of
25 mm/s. The attending physician of the day (ie, not the pa-
tient alone) placed the smartwatch on different body posi-
tions as shown in Figure 1. In women and in few obese indi-
viduals, the smartwatch was placed in the same positions used
for the standard ECG. All recorded ECGs were digitally stored
using the health application of a smartphone (iPhone Series
11 Pro; Apple Inc). All ECGs were analyzed by 2 blinded, expe-
rienced cardiologists (C.A.S. and C.I.).

Statistical Analysis
Continuous variables are presented as mean (SD). For
assessment of differences of metric outcome variables, we
used paired t tests or Wilcoxon signed rank tests as appro-
priate. In the case of binary variables, we used the χ2 test. A
P value <.05 was considered statistically significant. The
concordance among the results of the 2 technologies was
assessed using the Cohen κ coefficient. A comparison of the
difference in ST-segment deviation between the 2 methods
was performed using the Bland-Altman method for analysis
of measurement agreement.7 Statistical analysis was per-
formed using MedCalc, version 14.8 (MedCalc Software
Ltd).

Results

The study population is described in the Table. Of the 100 par-
ticipants in the study, 67 were men (67%), 33 were women
(33%), and mean (SD) age was 61 (16) years. The Cohen κ co-
efficients for the identification of normal ECG were 0.90 (95%
CI, 0.78-1.00); ST-segment elevation changes, 0.88 (95% CI,
0.78- 0.97); and non–ST-segment elevation changes, 0.85 (95%
CI, 0.74-0.96).

Concordance was found between the smartwatch ECG
and standard ECG (bias, −0.003; SD, 0.18; lower limit,
−0.36; and upper limit, 0.36) using the Bland-Altman analy-
sis. Figure 2 shows the difference in millimeters of the ST
deviation between the smartwatch ECG and standard ECG
plotted against the mean of the 2 readings. This difference
was considered clinically nonsignificant. Furthermore,
there was overall agreement for the localization of
ST-segment alterations (anterior, inferior, and lateral)
(Cohen κ, 0.66; 95% CI, 0.79-0.96). Representative
examples of a patient with STEMI and a patient with
NSTEMI are reported in the eFigure in the Supplement.

Assuming the results of standard ECGs as the reference val-
ues, STE deviation showed sensitivity of 93% (95% CI, 82%-
99%) and specificity of 95% (95% CI, 85%-99%); NSTE ECG al-
terations were 94% (95% CI, 81%-99%) for sensitivity and 92%
(95% CI, 83%-97%) for specificity. The interobserver variabil-
ity analysis for 2 cardiologists (C.A.S. and C.I.) showed a
Cohen κ value of 0.96 (95% CI, 0.9-1.0).

Three patients were excluded owing to low smartwatch sig-
nal quality. The first of these patients had Parkinson disease,
the second patient was unable to keep their fingers on the
crown owing to a previous stroke, and in a third patient, the
signal was poor owing to his lack of cooperation. Three addi-
tional patients were excluded for clinical instability.

Discussion
The major findings of the present study were that a commer-
cially available smartwatch allowed the possibility to obtain

Key Points
Question Can a smartwatch record multiple-lead
electrocardiograms (ECGs) and detect changes in the ST segment?

Findings In this case series including 100 participants, a
smartwatch was able to record multichannel ECGs (leads I, II, III,
V1, V2, V3, V4, V5, and V6) in agreement with standard ECGs.
In addition, the amplitude of ST-segment changes noted with the
smartwatch was comparable to those of standard ECGs.

Meaning The findings of this study suggest that use of ECGs
recorded on smartwatches might be useful to obtain an earlier
diagnosis of acute coronary syndromes; these data need to be
further examined in patients with suspected myocardial infarction
in whom false-positive and false-negative findings could be better
characterized.
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leads I, II,III, V1, V2, V3, V4, V5, and V6, and this watch was
able to detect ECG changes similar to those noted with a stan-
dard 12-lead ECG in patients with acute coronary syndromes.
It has been shown that the recording of leads I to III by a smart-
watch is accurate and comparable to standard ECG in healthy
individuals.2 A recent report suggested the possibility to di-

agnose myocardial infarction using the smartwatch in 2 pa-
tients in whom only leads I to III were recorded with an Apple
Watch.3 With the same smartwatch, Samol et al6 recorded leads
V1, V2, V3, V4, and V6 (but not V5) in 2 patients with acute an-
terior myocardial infarction. In addition, Cobos Gil8 reported
2 patients (1 with STEMI and 1 with NSTEMI) in whom leads I,

Figure 1. The Positions of the Smartwatch to Obtain 9-Lead Electrocardiograms (ECGs)

Lead I Lead II Lead III

Lead V1 Lead V2 Lead V3

Lead V4 Lead V5 Lead V6

The multiple-lead ECG with the smartwatch was obtained as follows: lead I was
recorded without the removal of the smartwatch on the left wrist using the
right index finger on the crown. The recording of other leads required the
removal of the watch and proper placement at appropriate abdomen and chest
locations. Lead II was obtained with the watch on the left lower abdomen and
the right index finger on the crown, and lead III was obtained with the watch on

the left lower abdomen and the left index finger on the crown. The chest leads
were recorded corresponding to the location of V1 (fourth intercostal space
right parasternal), V2 (fourth intercostal space left parasternal), V3 (between V2
and V4), V4 (lead at the fifth intercostal space midclavicular line), V5 (lead at
the fifth intercostal space anterior axillary line), and V6 (lead at the fifth
intercostal space midaxillary line).
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II, III, V1, V2, V3, V4, V5, and V6 leads were obtained with an
Apple Watch.

The results of our study suggest that, in patients with
ACS, in addition to detecting changes in the ST segment
(Figure 2), the smartwatch was able to detect the localiza-
tion of ST alterations. Although Holter monitoring has been
shown to detect asymptomatic myocardial ischemia,9 it
cannot be used as a screening tool for detecting coronary
artery disease or for evaluating the severity of ischemia in
individual patients.10

Clinical Relevance
In patients with acute myocardial infarction, especially in a
high-risk population,2 increased mortality was associated with
treatment delays; every minute counts and 10 minutes or less
is recommended from the first medical contact to recording
of an ECG.11 The smartwatch is not designed for clinical set-
tings such as rapid triage, emergency department, ambu-
lance, and fieldwork. However, the possibility that, under spe-
cific circumstances (eg, when the standard ECG is not available
or during pandemics12 or catastrophes), a smartwatch can be
used to recognize ST-segment changes with multichannel ECGs

that could be of clinical and social relevance in individuals with
chest pain.

Limitations
There are several limitations to the study. First, the detection
of ST-segment abnormalities is not possible by simply wear-
ing wrist smartwatch; rather, recording the ECG (except for lead
I) requires removal of the watch and its placement in the ap-
propriate chest and abdomen locations (Figure 1). Whether ar-
tificial intelligence will solve this problem has not been proven.
Moreover, interpretation of the ECG that is generated by the
smartwatch in PDF format must be carried out by the cardi-
ologist because, to our knowledge, no software is available to
allows interpretation of the ECG and self-diagnosis. In this re-
gard, there is a need for the development of more easily con-
figured and durable technology.

The lack of availability of leads aVR, aVL, and aVF using
the smartwatch might reduce the sensitivity and positive
predictive value for the diagnosis and localization of
acute myocardial infarction. In addition, our control partici-
pants were healthy but not age- or sex-matched with the
patients.

Table. Baseline Characteristics of the Study Population

Variable

No. (%)

P valueAll (n = 100) ACS (n = 81) CTRL (n = 19)
Age, mean (SD), y 61 (16) 66 (10) 42 (21) <.001

Men 67 (67) 63 (78) 6 (32) <.001

Women 33 (33) 18 (22) 13 (68) <.001

Hypertension 74 (74) 66 (81) 8 (42) <.001

Diabetes 24 (24) 21 (26) 3 (16) .35

Dyslipidemia 62 (62) 58 (72) 4 (21) <.001

Smokers 21 (46) 21 (26) 0 <.001

Prior MI 15 (15) 15 (19) 0 <.001

Prior stroke/TIA 4 (4) 3 (4) 1 (5) .76

Obesity 7 (7) 6 (7) 1 (5) .74

STEMI 54 (54) 54 (67) 0 <.001

Smartwatch recording time, mean (SD), min 5.80 (0.66) 5.73 (0.73) 5.90 (0.53) .27

Abbreviations: ACS, acute coronary
syndrome; MI, myocardial infarction;
STEMI, ST-segment elevation
myocardial infarction; TIA, transient
ischemic attack.

Figure 2. Comparison of the Amplitude of ST-Segment Deviations Between Smartwatch
and Standard Electrocardiogram (ECG)
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Bland-Altman plot indicating the level
of agreement between the
smartwatch ECG and standard ECG
measurement of ST-segment
deviations. The black line represents
the bias (mean difference), and the
dashed lines represent the upper and
the lower limits of agreement (bias
and 1.96 SD). This difference is
considered clinically nonsignificant.
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Conclusions

T h e f i n d i n g s o f t h i s f e a s i b i l i t y s t u d y s u g g e s t
S T- s e g m e n t c h a n g e s o n E C G s h o w n w i t h u s e

o f a s m a r t w a t c h a g r e e w i t h t h o s e d e t e r m i n e d
w i t h s t a n d a r d E C G s . T h i s a g r e e m e n t m a y
a l l o w t h e p o t e n t i a l f o r e a r l i e r d i a g n o s i s o f
a c u t e c o r o n a r y s y n d r o m e s u s i n g s m a r t w a t c h
technology.
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Editor's Note

Addressing the New Last-Mile Problem in Health Care
With Home-Based Complex Diagnostics
Mintu P. Turakhia, MD, MAS

In a Brief Report in this issue of JAMA Cardiology by
Spaccarotella and colleagues,1 the authors investigate the ac-
curacy of using a direct-to-consumer smartwatch with single-

channel electrocardiogram
(ECG) capability to generate a
multilead ECG for detection
of ST-segment deviation. In

54 patients with ST-elevation myocardial infarction and 27 pa-
tients with non–ST-elevation myocardial infarction in a coro-
nary care unit, the authors placed the watch in different body
positions to obtain a full set of limb and precordial ECG leads.
They compared ST-segment morphology classifications and
amplitudes to a medical-grade, 12-lead ECG. Overall, there was
good agreement in ST deviation and location.

Many caveats apply, however. All smartwatch ECGs were
performed by physicians. Interpretable smartwatch ECGs could
not be obtained in 3 patients, even in a controlled setting; use
in the field will be even more difficult. The patients in the

unmatched control group were much healthier, and the study1

could not examine true population sensitivity, specificity, or
predictive values for ST changes.

So, will the use case be limited to nothing more than a
smartwatch-toting cardiologist evaluating chest pain in a res-
taurant or airplane with an off-label device? Most definitely
not. Rather, this article1 highlights the potential for moving
complex diagnostic devices out of the hospital and instead
meeting patients where they are: at home. The pandemic has
triggered a massive and sustained expansion of telehealth for
cardiology care. For many patients, telephone and video vis-
its do just fine until diagnostic data are needed, which is the
new last-mile problem for health care.

While measurement of vital signs and glucose levels has
long been consumerized with simple, reliable products, little
else has. Single-lead, multiday ambulatory ECG patches can
be mailed to and from patients for self-application and col-
lection, but this circumvents a simpler, less expensive test:
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