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Diagnostic Accuracy of a Smartphone-Operated, Single-
Lead Electrocardiography Device for Detection of 
Rhythm and Conduction Abnormalities in Primary Care

ABSTRACT
PURPOSE To validate a smartphone-operated, single-lead electrocardiography 
(1L-ECG) device (AliveCor KardiaMobile) with an integrated algorithm for atrial 
fibrillation (AF) against 12-lead ECG (12L-ECG) in a primary care population.

METHODS We recruited consecutive patients who underwent 12L-ECG for any 
nonacute indication. Patients held a smartphone with connected 1L-ECG while 
local personnel simultaneously performed 12L-ECG. All 1L-ECG recordings were 
assessed by blinded cardiologists as well as by the smartphone-integrated algo-
rithm. The study cardiologists also assessed all 12L-recordings in random order 
as the reference standard. We determined the diagnostic accuracy of the 1L-ECG 
in detecting AF or atrial flutter (AFL) as well as any rhythm abnormality and any 
conduction abnormality with the simultaneously performed 12L-ECG as the refer-
ence standard.

RESULTS We included 214 patients from 10 Dutch general practices. Mean ± SD 
age was 64.1 ± 14.7 years, and 53.7% of the patients were male. The 12L-ECG 
diagnosed AF/AFL, any rhythm abnormality, and any conduction abnormality 
in 23, 44, and 28 patients, respectively. The 1L-ECG as assessed by cardiologists 
had a sensitivity and specificity for AF/AFL of 100% (95% CI, 85.2%-100%) and 
100% (95% CI, 98.1%-100%). The AF detection algorithm had a sensitivity and 
specificity of 87.0% (95% CI, 66.4%-97.2%) and 97.9% (95% CI, 94.7%-99.4%). 
The 1L-ECG as assessed by cardiologists had a sensitivity and specificity for any 
rhythm abnormality of 90.9% (95% CI, 78.3%-97.5%) and 93.5% (95% CI, 
88.7%-96.7%) and for any conduction abnormality of 46.4% (95% CI, 27.5%-
66.1%) and 100% (95% CI, 98.0%-100%).

CONCLUSIONS In a primary care population, a smartphone-operated, 1L-ECG 
device showed excellent diagnostic accuracy for AF/AFL and good diagnostic 
accuracy for other rhythm abnormalities. The 1L-ECG device was less sensitive for 
conduction abnormalities.

Ann Fam Med 2019;17:403-411. https://doi.org/10.1370/afm.2438.

INTRODUCTION

Patients frequently visit their primary care physician with symptoms 
that may be due to cardiac arrhythmias.1 Manifestations include 
palpitations, light-headedness, and (near) fainting and account for 

0.8% to 16% of symptoms that prompt patients to visit their primary care 
physician.1,2 Some heart rhythm abnormalities, such as ectopic beats, are 
common electrocardiography (ECG) findings that generally do not require 
action.3 Others, such as atrial fibrillation (AF) or atrial flutter (AFL), are 
present in approximately 2% to 3% of the population and warrant fur-
ther work-up and management to reduce associated risks of stroke and 
heart failure.4-6 When a cardiac arrhythmia is suspected in a symptomatic 
patient, resting 12-lead ECG (12L-ECG) should always be performed.7 
Unfortunately, in primary care, performing 12L-ECG can be cumbersome, 
particularly during house visits, and it is not available at every practice. 
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As a result, only in approximately one-third of cases is  
ECG performed during a symptomatic period.3

The availability of an unobtrusive, handheld ECG 
device is likely to lower the logistical threshold for 
performing ECG and may therefore improve detection 
of relevant arrhythmias in primary care.8 One such 
device, the KardiaMobile, is a smartphone-connected, 
single-lead ECG (1L-ECG) device.9,10 Smartphone-
operated ECG has been studied for screening purposes 
and has shown great promise.11 A recent report issued 
by the United Kingdom’s National Health Service 
expects the device to be highly cost saving in the con-
text of primary care.12

To our knowledge, the KardiaMobile has not yet 
been validated against simultaneously performed 12L-
ECG in a primary care population. We hypothesized 
that the information obtained with smartphone-
operated 1L-ECG can be used to accurately detect AF/
AFL and common ectopic beats. We therefore per-
formed a multicenter validation study in primary care 
to assess the validity of 1L-ECG as an office/bedside 
tool for the detection of arrhythmias as well as rhythm 
and conduction abnormalities compared with simul-
taneously performed 12L-ECG as assessed by blinded 
cardiologists as the reference standard.

METHODS
We reported this diagnostic accuracy study in accor-
dance with the Standards for Reporting of Diagnostic 
Accuracy Studies (STARD) 2015 
statement.13 The study protocol 
was approved by our institution’s 
Medical Ethical Review Com-
mittee. All participants provided 
written informed consent.

Study Design
We enrolled consecutive patients 
as part of the Validation of a 
mobile bedside ECG Screen-
ing and diagnostic Tool for 
Arrhythmias in general practice 
(VESTA) study. Eligible patients 
were aged 18 years or older 
who were assigned to 12L-ECG 
for any nonacute indication as 
ordered by the local primary 
care physician in 1 of 10 partici-
pating general practices across 
the Netherlands. The practices 
were in possession of a 12L-ECG 
device and had qualified and 
skilled personnel to perform 12L-

ECG. Exclusion criteria were a clinically acute indi-
cation for ECG as defined by the local primary care 
physician (eg, suspicion of acute coronary syndrome) 
and presence of a pacemaker rhythm on 12L-ECG. We 
categorized patients according to indication for 12L-
ECG either because of presentation with new symp-
toms (symptom-driven ECG) or as an integral part of 
protocolized care for primary or secondary prevention 
of cardiovascular disease (protocol-driven ECG). For 
each participant, the study design involved 3 different 
readings as follows: (1) the 1L-ECG read by the AF 
detection algorithm of the smartphone application, (2) 
the 1L-ECG read by cardiologists, and (3) the standard 
12L-ECG read by cardiologists.

Index Test
The KardiaMobile (AliveCor, Inc) is a smartphone-
connected, 1L-ECG device that displays ECG recordings 
in real time (30 seconds) via a smartphone application 
with a built-in AF detection algorithm (Figure 1). The 
1L-ECG recordings were assessed in 2 ways as follows:

1. The AF detection algorithm assessed all 
1L-ECG recordings. It classified recordings as either 
possible AF, normal, or unreadable, or provided no 
classification. We marked all recordings classified as 
possible AF as positive for AF. We marked all other 
algorithm classifications, or when no classification was 
provided, as negative for AF. The algorithm did not 
provide a classification for when a 1L-ECG recording 
was truncated (<30 seconds).

Figure 1. The KardiaMobile and Kardia smartphone application.

Photograph by Jelle Himmelreich.
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2. Cardiologists (M.L.H., R.N., J.R.dG.) assessed 
all 1L-ECG recordings in randomized order. The 
evaluation consisted of scoring each recording for the 
presence of arrhythmias, ectopic beats, and conduction 
abnormalities according to a scoring template designed 
for this study (see Supplemental Appendix, http://
www.AnnFamMed.org/content/17/5/403/suppl/DC1/, 
for exact definitions).

Reference Standard
All 12L-ECG recordings were independently evalu-
ated by 2 cardiologists, and in case of disagreement, 
by a third cardiologist (M.L.H., R.N., J.R.dG.). We 
presented 12L-ECG recordings to the cardiologists in 
randomized order. The evaluation consisted of scor-
ing each recording for the presence of arrhythmias, 
ectopic beats, and conduction abnormalities accord-
ing to a scoring template designed for this study (see 
Supplemental Appendix, http://www.AnnFamMed.org/
content/17/5/403/suppl/DC1/, for exact definitions).

Rhythm Measurement
Personnel instructed each patient to commence the 
KardiaMobile recording by holding the device loosely 
with both hands (corresponding with lead I for 12L-
ECG). We advised patients who used hand lotion or 
had sweaty hands to wash their hands with soap or to 
use alcohol wipes on the fingertips to optimize electri-
cal conduction quality. When a steady 1L-ECG signal 
was visible on the smartphone, the local investigator 
started a 10-second 12L-ECG recording. We thereby 
obtained 10 seconds of simultaneous recording. We 
excluded patients for whom 1 or both ECG types were 
not available or when there was no 10-second overlap 
between recording types. The 1L-ECG recordings 
were not used for clinical decision making.

Data Collection
Three investigators (J.C.L.H., E.P.M.K., R.E.H.) vis-
ited participating practices to collect the 12L-ECG 
recordings (as PDF file or photocopy of paper original) 
as well as patient data at the time of index ECG from 
the practice’s electronic health records. We collected 
the corresponding 1L-ECG recordings (PDF files) 
from the secure online platform that is part of the Kar-
diaMobile software package. Baseline data included 
sex, age, indication for undergoing 12L-ECG, use of 
relevant antiarrhythmic drugs, and relevant medical 
history. We pseudonymized all data before storing it in 
a secured electronic case report form (Castor EDC).

Statistical Analysis
We expressed diagnostic accuracy for all analyses as 
sensitivity, specificity, positive and negative likelihood 

ratios, and positive and negative predictive values, with 
95% CI. The primary analyses of this study were (1) the 
diagnostic accuracy of 1L-ECG as assessed by cardiolo-
gists in detecting AF or AFL with 12L-ECG as refer-
ence and (2) the diagnostic accuracy of the AF detec-
tion algorithm for AF/AFL with 12L-ECG as reference. 
Secondary analyses were (1) the diagnostic accuracy of 
1L-ECG as assessed by cardiologists in detecting any 
rhythm abnormality, defined as any nonsinus rhythm 
including AF/AFL and/or presence of any ectopic beat, 
with 12L-ECG as reference and (2) the diagnostic accu-
racy of 1L-ECG as assessed by cardiologists in detect-
ing any conduction abnormality, defined as presence of 
atrioventricular (AV) block, bundle branch block (BBB), 
and/or left axis deviation and/or left anterior fascicular 
block, with 12L-ECG as reference. We counted the 
cardiologists’ generic assessment of BBB on 1L-ECG 
as true positive even if specification of subtype of BBB 
(left BBB or right BBB) was provided by the correspond-
ing 12L-ECG.

We performed an exploratory analysis of the pri-
mary and secondary outcomes stratified by whether 
ECG was performed based on symptoms or as part 
of protocol-driven care. We performed a sensitivity 
analysis on the comparison of the AF detection algo-
rithm vs 12L-ECG for the outcome AF/AFL, in which 
we excluded all patients with a truncated 1L-ECG 
recording.

We presented discrete variables as number and per-
centage and continuous variables as mean ± standard 
deviation. We compared continuous variables using the 
Student t test and proportions using the Fisher exact 
test or Pearson χ2 test and used 2-tailed tests. We eval-
uated statistical significance in all analyses at the .05 
level and performed analyses using IBM SPSS Statistics 
version 24.0 (IBM Corp) and MedCalc version 18.10.2 
(MedCalc Software).

RESULTS
We included 219 patients during the period April 2017 
to July 2018. After excluding 2 patients for missing 
1L- and/or 12L-ECG recordings and 3 patients for 
nonoverlapping recordings, the remaining 214 patients 
comprised the study population. No adverse device 
effects were reported. Baseline characteristics of the 
included patients are listed in Table 1. Mean age was 
64.1 ± 14.7 years, and 53.7% of the patients were male. 
As shown in Figure 2, the indication for performing 
12L-ECG was symptom driven for one-half of the 
patients (n = 108). Among those presenting with new 
symptoms, most (44.4%) reported palpitations as the 
primary symptom (Table 2). The 12L-ECG recordings 
revealed that AF/AFL, any rhythm abnormality, and 
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any conduction abnormality were present in 23, 44, 
and 28 patients, respectively (Table 3).

Diagnostic Accuracy of the 1L-ECG
Data on diagnostic accuracy with calculated 95% 
CIs are summarized in Table 4. The 2×2 contingency 
tables with detailed information, including the rhythm 
diagnoses of all true positives, false negatives, and false 
positives, can be found in Supplemental Figure 1, http://
www.AnnFamMed.org/content/17/5/403/suppl/DC1/.

For the primary outcome of AF/AFL, we found that 
cardiologists were able to correctly classify all 23 cases 
using 1L-ECG, resulting in a sensitivity and a specificity 
of 100%. The smartphone-integrated algorithm correctly 

identified 20 of 23 AF cases and 
incorrectly classified 4 cases of 
sinus rhythm as possible AF (sen-
sitivity: 87%; specificity: 97.9%). 
Interpretation of 1L-ECG was less 
robust for the secondary endpoints 
of any rhythm abnormality (sen-
sitivity: 90.9%; specificity: 93.5%) 
and any conduction abnormality 
(sensitivity: 46.4%; specificity: 
100%). Explicitly for ectopic beats, 
1L-ECG correctly classified 20 of 
23 cases of known ectopic beats. 
The false positives for the outcome 
any rhythm abnormality  could all 
be attributed to misclassified ecto-
pic beats (n = 11).

Additional Analyses
The stratified analysis according 
to indication for ECG (symp-
tom or protocol driven) and the 
sensitivity analysis in which we 
excluded truncated 1L-ECG 
recordings (n = 6) rendered similar 
results (see Supplemental Figure 
2, Supplemental Table 1, and Sup-
plemental Table 2, respectively, 
http://www.AnnFamMed.org/
content/17/5/403/suppl/DC1/).

DISCUSSION
The diagnostic properties of the 
KardiaMobile 1L-ECG device as 
assessed by cardiologists against 
simultaneously performed 12L-
ECG in a primary care population 
were excellent for AF/AFL. The AF 
detection algorithm showed high 

sensitivity and specificity for AF/AFL. Visual assessment 
of the 1L-ECG recordings by cardiologists resulted in 
high sensitivity and specificity for rhythm abnormalities 
and high specificity but low sensitivity for conduction 
abnormalities. To our knowledge, this is the first study to 
validate the KardiaMobile device for both AF and com-
mon non-AF ECG abnormalities against simultaneously 
performed 12L-ECG in a primary care population.

Clinical Relevance
Patients who present to their primary care physician 
with palpitations often no longer have symptoms at 
the time of consultation or when ECG is performed.3 
When ECG is performed during palpitations, an abnor-

Table 1. Baseline Characteristics of the Study Population

Variable
Overall  

(n = 214)

Patients With 
Symptom-Driven 

ECG  
(n = 108)

Patients With 
Protocol-Driven 

ECG  
(n = 106)

Demographics

Age, y 64.1 ± 14.7 59.1 ± 16.3 69.3 ± 10.7a

Male 115 (53.7) 55 (50.9) 44 (41.5)

History

Obesity (BMI >30 kg/m2) 41 (19.2) 12 (11.1) 29 (27.4)a

Smoking

Current smoker 36 (16.8) 17 (15.7) 19 (17.9)

Past history of smoking 72 (33.6) 23 (21.3) 49 (46.2)a

No history of smoking 72 (33.6) 42 (38.9) 30 (28.3)

Unknown 34 (15.9) 26 (24.1) 8 (7.5)a

Alcohol abuse 10 (4.7) 5 (4.6) 5 (4.7)

Hypertension 87 (40.7) 31 (28.7) 56 (52.8)a

Diabetes 66 (30.8) 10 (9.3) 56 (52.8)a

Hypercholesterolemia 54 (25.2) 20 (18.5) 34 (32.1)a

Atrial fibrillation or flutter 23 (10.7) 13 (12.0) 10 (9.4)

Other arrhythmia 12 (5.6) 6 (5.6) 6 (5.7)

Coronary heart disease 21 (9.8) 4 (3.7) 17 (16.0)a

TIA or ischemic stroke 13 (6.1) 6 (5.6) 7 (6.6)

Valvular heart disease 9 (4.2) 6 (5.6) 3 (2.8)

Heart failure 8 (3.7) 5 (4.6) 3 (2.8)

Chronic obstructive pulmonary 
disease

21 (9.8) 9 (8.3) 12 (11.3)

Peripheral vascular disease 19 (8.9) 4 (3.7) 15 (14.2)a

Chronic renal failure 26 (12.1) 9 (8.3) 17 (16.0)

eGFR of those with chronic renal 
failure (mL/min/1.73m2)

50.3 ± 6.0 48.9 ± 8.6 51.0 ± 4.5

Medication

Beta blocker 42 (19.6) 15 (13.9) 27 (25.5)a

Calcium-channel blocker 31 (14.5) 11 (10.2) 20 (18.9)

Digoxin 1 (0.5) 0 (0) 1 (0.9)

Potassium-channel blocker 2 (0.9) 2 (1.9) 0 (0)

Sodium-channel blocker 1 (0.5) 1 (0.9) 0 (0)

BMI = body mass index; ECG = electrocardiography; eGFR = estimated glomerular filtration rate; TIA = tran-
sient ischemic attack.

Note: Data are presented as mean ± SD for continuous variables and no. (%) for categorical variables.

a P <.05.
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mal heart rhythm is found in approximately one-half of 
patients, whereas this drops to approximately one-fifth 
when symptoms are no longer present at the time of 
ECG.3 The findings from the present study are therefore 
highly relevant for primary care physicians because the 
smartphone-operated ECG device operates as a point-

of-care test and allows for immediate rhythm assessment 
during a symptomatic episode. Moreover, our findings 
support patients’ use of the device at home as a 1L event 
recorder, provided that the ECG readings are assessed 
by a cardiologist. We note that the device is already 
available on the consumer market for this purpose.

Figure 2. Study flow diagram.

1L = single-lead; 12L = 12-lead; ACA = any conduction abnormality; AF = atrial fibrillation; AFL = atrial flutter; ARA = any rhythm abnormality; bpm = beats per min-
ute; ECG = electrocardiography; PCP = primary care physician.

219 Patients presenting to PCP, assigned 
to 12L-ECG as per routine, nonacute care

Informed consent

Simultaneous KardiaMobile 1L-ECG and 12L-ECG

109 Symptom driven 110 Protocol driven

1 Patient excluded   

1  No 10 seconds 
of overlap

4 Patients excluded   

2  No 10 seconds of overlap   

2 Missing 1L- or 12L-ECG

108 Included patients 
with symptom-driven ECG

106 Included patients 
with protocol-driven ECG

All recordings assessed by 2 blinded cardiologists

All KardiaMobile 1L-ECGs assessed by KardiaMobile algorithm

108  Outcomes of symptom-
driven 12L-ECG   

 15 AF/AFL  

 29 ARA   

 12 ACA

106  Outcomes of protocol-
driven 12L-ECG   

 8 AF/AFL   

 15 ARA   

 16 ACA

KardiaMobile 1L-ECG
(30 Seconds)

Standard 12L-ECG
(10 Seconds)
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Our stratified analysis by indication for ECG 
showed that in older patients for whom ECG was not 
indicated primarily for cardiac symptoms, a negative 
reading excluded AF with a similarly high degree of 
certainty as that for symptomatic patients, despite dif-
ferences in pretest likelihood within our sample. These 
results may be relevant for primary care physicians 
because they are encouraged to perform proactive case 
identification in asymptomatic patients with elevated 
risk of developing AF (eg, via pulse palpation followed 
by ECG).16 Here, the 1L-ECG device could be a valu-
able point-of-care tool for at-risk patients for whom 
traveling to the practice for standard 12L-ECG is too 
cumbersome or for primary care physicians who do 
not possess a 12L-ECG device.

We added the comparison on any rhythm abnormal-
ity because for primary care patients, cardiac symptoms 
may often be explained by ectopy.1 We found that the 
1L-ECG device can correctly classify instances of ecto-
pic beats, suggesting that it may be useful as a point-of-
care diagnostic instrument for this rhythm anomaly.

The 1L-ECG device was less sensitive for conduc-
tion abnormalities, which in the present study particu-
larly involved the detection of first-degree AV blocks.
For primary care physicians, however, the detection 
of conduction abnormalities is generally less clinically 
relevant than the detection of arrhythmias, with the 
notable exception of decisions regarding the prescrib-
ing of QT-prolonging medication.17 Whereas the QT 

interval was not scored in the present study, others 
have reported the KardiaMobile’s ability to accurately 
assess QT intervals.18

Strengths and Limitations
Our study had a number of strengths. First, we 
included consecutive patients who underwent 12L-
ECG as part of routine medical practice, resulting in a 
cohort generalizable to general practice. Second, the 
study design ensured simultaneous rather than con-
secutive 1L- and 12L-ECG recordings, as done in prior 
studies.10,19,20 This allowed for a comparison on the 
detection of ectopic beats, which may be a frequent 
cause for palpitations in primary care.21 Third, by pro-
viding a stratified analysis according to indication for 
ECG, we were able to show that the 1L-ECG device 
performed similarly in patients with symptoms vs those 
who present as part of protocol-driven (secondary) 
preventive care. Fourth, we ensured standardized inter-
pretation of all recordings by blinded assessment of 1L- 
and 12L-ECG recordings in random order.

Table 3. Outcomes of 12L-ECG (n = 214)

Outcome No. (%)

Rhythm

Sinus rhythm 187 (87.4)

Atrial fibrillation 20 (9.3)

Atrial flutter 3 (1.4)

Narrow complex tachycardia 3 (1.4)

Broad complex tachycardia 0 (0)

Ectopic atrial rhythm 1 (0.5)

Ectopic beats

Premature atrial complex 7 (3.3)

Premature ventricular complex 16 (7.5)

Conduction abnormalities

AV block 7 (3.3)

First-degree AV block 7 (100)

Second-degree AV block, Wenckebach 0 (0)

Second-degree AV block, Mobitz II 0 (0)

Third-degree AV block 0 (0)

Bundle branch block 23 (10.7)

LBBB 5 (21.7)

RBBB 9 (39.1)

LAD/LAFB 9 (39.1)

Composite outcomes

Atrial fibrillation or flutter 23 (10.7)

Any rhythm abnormalitya 44 (20.6)

Any conduction abnormalityb 28 (13.1)

12L = 12-lead; AV = atrioventricular; ECG = electrocardiography; LAD = left 
axis deviation; LAFB = left anterior fascicular block; LBBB = left bundle branch 
block; RBBB = right bundle branch block.

a Six patients showed 2 rhythm abnormalities on 12L-ECG (see Supplemental 
Figure 1, http://www.AnnFamMed.org/content/17/5/403/suppl/DC1/).
b One patient showed 3 conduction abnormalities on 12L-ECG (see Supplemen-
tal Figure 1, http://www.AnnFamMed.org/content/17/5/403/suppl/DC1/).

Table 2. Indications for Undergoing 12L-ECG 
(n = 214)

Indication No. (%)

Symptom-driven ECG (n = 108)

Palpitations 48 (44.4)

Other chest symptoms (nonacute) 47 (43.5)

Dyspnea 23 (21.3)

Lightheadedness 16 (14.8)

Fatigue 14 (13.0)

Collapse 3 (2.8)

Other 17 (15.7)

Protocol-driven ECG (n = 106)

Cardiovascular risk management 34 (32.1)

Known diabetes mellitus 45 (42.5)

Known ischemic heart disease 13 (12.3)

Known heart rhythm disorder 7 (6.6)

Known TIA or ischemic stroke 4 (3.8)

Known heart failure 1 (0.9)

Irregular pulse at examination 1 (0.9)

Follow-up after starting new medication 1 (0.9)

12L = 12-lead; ECG = electrocardiography; TIA = transient ischemic attack.

Note: We included patients once and reported 1 reason for ECG per patient. See 
Supplemental Appendix, http://www.AnnFamMed.org/content/17/5/403/suppl/
DC1/, for how we handled patients with >1 symptom and/or comorbidity.
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Several limitations should be mentioned. First, this 
study was not designed to determine to what extent 
primary care physicians are able to assess the 1L-ECG 
signal, but rather to describe the test characteristics of 
the 1L-ECG device in a representative primary care 
patient sample when analyzed by experts (cardiologists/
electrophysiologists). Second, the use of recordings of 
different durations (10-second 12L-ECG vs 30-second 
1L-ECG) may have led us to underestimate the speci-
ficity of 1L-ECG in the analysis of any rhythm abnor-
mality, given that ectopic beats might have occurred 
during the nonoverlapping 20 seconds of the 1L-ECG 
recording. Third, we presented cardiologists with the 
PDF file of the 1L-ECG recording instead of having 
them assess the recording from a smartphone or tab-
let screen, which is how physicians will often use the 
device.20 Fourth, the KardiaMobile application did not 
provide an automated assessment of conduction inter-
vals in milliseconds, as is done for most 12L-ECGs. 
This might have affected sensitivity in the analysis on 
any conduction abnormality. Fifth, the 95% CIs were 
relatively wide, owing to sample size and prevalence 
of the studied outcomes among the cohort. Finally, the 
present study was not designed to study whether the 
availability of a smartphone 1L-ECG would change 
ECG use, diagnosis, or patient management.

Previous Work
The good diagnostic properties that we found for the 
1L-ECG device for AF/AFL, when assessed by cardi-
ologists or by the smartphone application algorithm, 
coincide with a number of prior studies10,11,19,20,22-27 
(see Supplemental Table 3, and Supplemental Table 4, 
http://www.AnnFamMed.org/content/17/5/403/suppl/

DC1/ for an overview of prior studies that validated 
the KardiaMobile 1L-ECG device for rhythm and/or 
conduction abnormalities). Notable exceptions are 2 
studies by Chan et al8,28 and 1 study by Desteghe et 
al29 that reported sensitivities of 71.4%, 66.7%, and 
65.9%, respectively, for the KardiaMobile algorithm 
to detect AF. The authors provide no clear explana-
tion for the AF-detection algorithm’s low sensitivity in 
their respective studies, which were all performed with 
selected elderly patients.

Although a number of studies have assessed the 
presence of ectopic beats on 1L-ECG recordings, 
none have validated 1L-ECG for ectopy alone or as 
part of a composite outcome.8,10,11,22-24,28,29 One study 
validated 1L-ECG against 12L-ECG for conduction 
abnormalities. That study, by Haberman et al,19 found 
high specificity but sensitivities of 77.3% and 72.4%, 
respectively, for AV block and BBB. The results 
for AV block contrast with those from our present 
study, in which none of the AV blocks were detected 
using the 1L-ECG device (Figure 2). We note that 
Haberman et al19 determined automated conduction 
intervals for 1L-ECG before assessment by electro-
physiologists, whereas in our present study, auto-
mated intervals for 1L-ECG were absent.

Our present work adds to the literature by validat-
ing 1L-ECG against 12L-ECG in a primary care setting 
of consecutive patients and by validating 1L-ECG for a 
broad spectrum of cardiac arrhythmias and conduction 
disturbances including ectopic beats.

Future Work
Further study is required to evaluate the safety and 
efficacy of the 1L-ECG device in the hands of primary 

Table 4. Diagnostic Accuracy Measures of the Interpretation of 1L-ECG by Cardiologists or the 
Smartphone Algorithm Using 12L-ECG as Reference Standard

Outcome Assessed
% Sensitivity  

(95% CI)
% Specificity  

(95% CI)
LR+  

(95% CI)
LR–  

(95% CI)
% PPV  

(95% CI)
% NPV  

(95% CI)

Atrial fibrillation or flutter

Cardiologists 100 
(85.2-100)

100 
(98.1-100)

∞a 0b 100c 100c

Smartphone algorithm 87.0 
(66.4-97.2)

97.9 
(94.7-99.4)

41.5 
(15.5-110.9)

0.13 
(0.05-0.38)

83.3 
(65.2-93.0)

98.4 
(95.6-99.4)

Any rhythm abnormality

Cardiologists 90.9 
(78.3-97.5)

93.5 
(88.7-96.7)

14.1 
(7.9-25.1)

0.10 
(0.04-0.25)

78.4 
(67.1-86.7)

97.6 
(94.0-99.0)

Any conduction abnormality

Cardiologists 46.4 
(27.5-66.1)

100 
(98.0-100)

∞a 0.54 
(0.38-0.76)

100c 92.5 
(89.8-94.6)

1L = single-lead; 12L = 12-lead; ECG = electrocardiography; LR+ = positive likelihood ratio; LR– = negative likelihood ratio; NPV = negative predictive value; 
PPV = positive predictive value.

a LR+ is infinite and 95% CI is not applicable when specificity = 100%.14

b LR– is 0 and 95% CI is not applicable when sensitivity = 100%.14

c 95% CI is not applicable when PPV or NPV = 100%.14,15
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care physicians instead of cardiologists, particularly 
for detecting AF/AFL. Moreover, future studies are 
warranted to determine whether the availability of  
1L-ECG changes the use of 12L-ECG, diagnosis, and/or 
patient management. Data should be obtained to study 
the net benefit as well as impact on cost-effectiveness 
of adding the KardiaMobile algorithm’s or cardiolo-
gists’ assessment to that of primary care physicians for 
arrhythmia detection. Findings from such studies might 
determine whether and how the KardiaMobile 1L-ECG 
device can be safely and effectively implemented in 
clinical practice as well as used in future screening pro-
grams for detecting AF in at-risk general populations.

CONCLUSION
A smartphone-operated, 1L-ECG device is a reliable 
instrument for detecting AF when assessed by the 
internal detection algorithm, and even more so when 
assessed by cardiologists. Moreover, the 1L-ECG 
recording can display atrial and ventricular ectopy 
with high sensitivity. The 1L-ECG recording was less 
robust for detecting conduction delays. Our primary 
care–based study provides important insights for phy-
sicians who are in need of a point-of-care ECG device 
that can lower the logistical threshold for performing 
ECG to improve diagnostic gain.

To read or post commentaries in response to this article, see it 
online at http://www.AnnFamMed.org/content/17/5/403.

Key words: single-lead; electrocardiography; medical device; atrial 
fibrillation; cardiac arrhythmia; cardiac conduction system disease; car-
diac complexes, premature
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