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Abstract

Background: Handheld single-lead electrocardiograms (1L-ECG) present a welcome addition to
the diagnostic arsenal of general practitioners (GPs). However, little is known about GPs’ 1-ECG
interpretation skills, and thus its reliability in real-world practice.

Objective: To determine the diagnostic accuracy of GPs in diagnosing atrial fibrillation or flutter
(AF/Afl) based on 1L-ECGs, with and without the aid of automatic algorithm interpretation, as well
as other relevant ECG abnormalities.

Methods: We invited 2239 Dutch GPs for an online case-vignette study. GPs were asked to interpret
four 1LECGs, randomly drawn from a pool of 80 case-vignettes. These vignettes were obtained
from a primary care study that used smartphone-operated 1L-ECG recordings using the AliveCor
KardiaMobile. Interpretation of all 1.-ECGs by a panel of cardiologists was used as reference
standard.

Results: A total of 457 (20.4%) GPs responded and interpreted a total of 1613 1L-ECGs. Sensitivity
and specificity for AF/Afl (prevalence 13%) were 92.5% (95% Cl: 82.5-97.0%) and 89.8% (95% CI:
85.5-92.9%), respectively. PPV and NPV for AF/Afl were 45.7% (95% Cl: 22.4-70.9%) and 98.8%
(95% Cl: 97.1-99.5%), respectively. GP interpretation skills did not improve in case-vignettes where
the outcome of automatic AF-detection algorithm was provided. In detecting any relevant ECG
abnormality (prevalence 22%), sensitivity, specificity, PPV and NPV were 96.3% (95% Cl: 92.8—
98.2%), 68.8% (95% Cl: 62.4-74.6%), 43.9% (95% Cl: 27.7-61.5%) and 97.9% (95% Cl: 94.9-99.1%),
respectively.

Conclusions: GPs can safely rule out cardiac arrhythmias with 1L-ECGs. However, whenever an
abnormality is suspected, confirmation by an expert-reader is warranted.
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Introduction (12L-ECG) is indicated (2—4). Due to logistical challenges, only a

Patients frequently consult their general practitioner (GP) with
symptoms that may indicate an underlying cardiac arrhythmia (1,2).
When a cardiac arrhythmia is suspected, a 12-lead electrocardiogram
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third of ECGs is performed while a patient is experiencing symptoms
(5). Obtaining an ECG during symptoms is important to diagnose
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Key Messages

e Using 1LECGs, GPs can safely rule out cardiac arrhythmias, including AF

e When GPs suspect an ECG abnormality, they are incorrect in half of the cases.
e GPs should reconsider their diagnosis when different from the algorithm.

e Expert-confirmation is warranted whenever GPs suspect a 1-ECG abnormality.

an arrhythmia, but also to reassure patients when a normal ECG is
found during symptoms (35).

New ‘point-of-care’ handheld single-lead ECG (1L-ECG) devices
overcome some of the logistical challenges of performing an ECG in
primary care and therefore likely improve diagnostic gain. Despite
their great potential, diagnostic accuracy and implementation of
these devices in primary care, has not been well investigated (6).
Moreover, little is known about the added value of 1L-ECG devices’
automatic atrial fibrillation (AF) detection algorithm to a GP’s visual
assessment of the 1L-ECG recording. This is important as a number
of agencies have already endorsed the use of these devices (7).

Therefore, we evaluated the 1L-ECG interpretation skills of GPs
with regards to AF, atrial flutter (Afl) and other relevant ECG ab-
normalities. Secondly, we assessed whether the availability of the
automatic algorithm interpretation for AF altered GPs accuracy
of rhythm assessment. Furthermore, we assessed GP interpretation
skills for other clinically relevant ECG abnormalities.

Methods

We reported this study in accordance with the Standards for
Reporting Diagnostic Accuracy (STARD) 2015 statement (see
Supplementary Appendix) (8).

Design and setting

This is an online study using case vignettes among GPs in order to
assess their ability to correctly interpret 1L-ECGs for AF and/or Afl
(AF/Af]) and other relevant ECG abnormalities.

Participants

We contacted GPs by e-mail through their affiliation with one of four
participating universities in The Netherlands (Amsterdam UMC, lo-
cation AMC; Erasmus MC, Rotterdam; UMC Groningen; Maastricht
UMC). We sent non-responding GPs reminders after 2 and 4 weeks,
providing a non-responder questionnaire asking for a short rationale
why they had not participated. Invited GPs received access to an on-
line secured electronic survey (Limesurvey, Amsterdam UMC, The
Netherlands), using an physician-personalized link to prevent both
multiple use of the invitation and unnecessary e-mail reminders to
responders. After the 6 week study period, we removed all trace-
able information, making the survey completely anonymous. Before
ECG assessment, we obtained a self-assessment of participants’ ECG
knowledge (on a 1 to 10 scale).

Collection of 1L-ECGs

We used 1L-ECGs previously collected as part of the VESTA
study (9). The VESTA study validated the KardiaMobile 1L-ECG
(AliveCor, Mountain View, CA) in consecutive primary care patients
who were assigned to standard 12L-ECG for any non-acute indica-
tion as ordered by the local GP. Each patient’s indication for under-
going 12L-ECG in the VESTA study was classified as either symptom
driven (for recent non-acute cardiac symptoms such as palpitations)
or protocol driven (as part of a protocolized care programme—i.e.

primary or secondary prevention of cardiovascular disease, at the
discretion of the GP).

The KardiaMobile is a smartphone-operated device, able to easily
record 1L-ECGs (10,11). The device consists of two small electrodes
which a patient holds in both hands for 30 s. The smartphone ap-
plication enables a direct visual interpretation of the 1L-ECG signal.
In addition, the application has an in-built computer algorithm for
automatic detection of AF.

Selection of ECG vignettes and batches

We selected 80 cases from the VESTA for our case-vignette study.
Table 1 shows the prevalence of ECG abnormalities in both the
overall VESTA cohort and the 80 cases selected for the current ana-
lysis (9). We enclosed a case vignette for each 1L-ECG consisting
of patient characteristics and indication for performing the ECG.
We limited the number of ECG interpretation assignments to four
per GP. We therefore created 20 ‘batches’ with four ECGs each. In
these batches, we aimed for an even distribution of symptom and
protocol-driven ECGs. Also, half of the ECGs in each batch included
an automatic algorithm interpretation for suspicion of AF. The
1L-ECGs and GPs were randomly assigned to these batches using an
online randomization tool (12).

Study procedure
Figure 1 depicts the flow chart of the study procedure. Participating
GPs viewed the ECGs and reported their findings in the online
survey. The following options were offered, of which GPs could
select one or more per ECG: (1) normal ECG; (2) atrial fibrillation
or flutter; (3) small complex tachycardia (excl. sinus tachycardia);
(4) bradycardia (<45 bpm); (5) high-grade AV block; (6) bundle
branch block; (7) other findings (e.g. premature atrial complex,
inversed T wave, etc.) providing an open text field to answer.
Finally, we asked GPs whether they assessed these 1L-ECG de-
vice rhythm strips as a useful tool for their daily practice.

Outcomes of interest

Primary outcome measures were sensitivity, specificity, positive
and negative predictive values (PPV and NPV, respectively) of the
1L-ECG as assessed by GPs in detection of (i) AF/Afl, both with and
without the presence of the automatic algorithm interpretation for
AF and (ii) ‘any relevant 1L-ECG abnormality’. The latter was de-
fined as AF/Afl and/or bradycardia (<45/min), high-grade AV-block,
bundle branch block, small complex tachycardia, repolarisation-
disorders and other relevant findings (e.g. suspicion of WPW syn-
drome or prolonged QT time).

Other outcomes of interest included GPs’ diagnostic perform-
ance stratified by ECG indication (protocol versus symptom driven)
as well as the previously mentioned relevant ECG abnormalities.
Furthermore, we performed analyses based upon the various GP
characteristics (e.g. experience level, self-rated ECG knowledge,
etc.). Finally, we analysed GPs’ assessment of the 1L-ECG as a viable
tool in their daily practice.
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Table 1. Prevalence of 1-ECG abnormalities in this online case vignette versus natural prevalence of 1L-ECG abnormalities in primary

care (VESTA)
Abnormalities Current case-vignette study VESTA study natural prevalence®
Symptom driven (7 = 38) Protocol driven (1 = 42) Total percentage (7 = 80)"

AF/Afl2 7 3 12.5% 10.7%

BBB® 0 N 6.3% 6.1%

SVT» 0 14 1.3% 1.4%

Negative T* 0 1 1.3% 0.5%

PVC 3 N 10.0% 10.7%

PAC 0 2 2.5% 42%

Prevalence of rhythm abnormalities in symptom- and protocol-driven cases are shown as numbers.

aVariable included in the outcome ‘any relevant 1L-ECG abnormality’.
"Some ECGs contained multiple abnormalities.
“Based upon cardiologists’ interpretation of 1L-ECG.

dRegrettably the wrong case vignette was provided making this a protocol-driven (asymptomatic) case.

Invited GPs
(n=2,239)
Excluded:
- OPT-OUT 44 (2.0%)
- Not a practicing GP 13 (0.6%)
- Malfunctioning questionaire 1 (0.0%)
- Privacy-fear 1(0.0%)
Batch 1 Batch 2 Etc.
(4 ECGs) (4 ECGs) To 20

Responses:

- Total 457 (20.4%)

-21 ECG interpretation 427 (19.1%)

- Complete 384 (17.2%)

GP interpretation

Comparison (n=1,613 1-lead ECG interpretations)

’ Expert/cardiologist interpretation ‘

Figure 1. Flow chart of online case-vignette study design among GPs,
evaluating their 1L-ECG interpretation skills.

Reference standard

Two independent cardiologists interpreted all 1L-ECGs, with a third
cardiologist as a referee in case of disagreement (9). No clinical in-
formation was available to these assessors.

Sample size

A formal sample size calculation was not deemed suitable both given
the paucity on data to make accurate predictions on GPs’ diagnostic
accuracy and due to the used procedure with fixed batches and ran-
domization at beforehand, whereby data are not independent (13).
Therefore, we chose to pragmatically approach all GPs of whom
e-mail addresses were available.

Statistical methods
Summary statistics for discrete variables are presented as numbers
and percentages. We show non-normally distributed numerical data
as median with IQR.

We used logistic mixed models to estimate sensitivity and speci-
ficity where random effects for potential dependencies at the level of
the responding GP, batch and ECG level were included in the model.

Based on Akaike’s Information Criterion the most parsimonious
model with respect to the random structure was used for estimation
of the characteristics of interest.

We estimated the PPV and NPV by repeated sampling from the
80 ECGs. Here we used logistic models and bootstrapping tech-
niques to also obtain 95% confidence intervals. All results were
based on 500 runs.

We assessed statistical significance at the 0.05 level in all ana-
lyses. We performed statistical analyses using R statistical software
version 3.5.1 (14), with the Ime4 package version 1.1-19 (15).

Results

A total of 457 GPs (20.4%) responded to our invitation. The re-
sponders subsequently interpreted 1613 ECGs, as depicted in
Figure 1. Participants generally reflected the characteristics of GPs in
The Netherlands, with a median age of 47 and median 14 years of
clinical experience as a GP (Table 2). However, in our sample women
(43% versus 51%) as well as those with a part time and unsteady
(for hire) job situation (5% versus 17%) were underrepresented
compared with the national average (16). Self-rated ECG knowledge
scored a median of 6, with a quarter of participants reporting to
never interpret ECGs (27%).

Accuracy of GP interpretation of 1L-ECGs

Prevalence of AF/Afl and ‘any relevant 1L-ECG abnormality’ was
13% and 22%, respectively. For our primary outcome, diagnostic
accuracy of GPs in detecting AF/Afl, we found a sensitivity of 92.5%
and specificity of 89.8% with a PPV and NPV of 45.7% and 98.8%,
respectively (Table 3).

Sensitivity and specificity of the automatic AF detection algo-
rithm were 100% when the algorithm outcomes were dichotomized
into ‘possible AF’ versus a clustering of all other algorithm outcomes.
However, GP performance in detecting AF/Afl did not improve when
the outcome of the automatic AF algorithm was provided in the case
vignette.

Sensitivity, specificity, PPV and NPV of GPs in detecting ‘any rele-
vant 1L-ECG abnormality’ were 96.3%, 68.8%,43.9% and 97.9%,
respectively.

Sensitivity and specificity for AF/Afl showed similar results for
symptom and protocol-driven ECGs while the PPV was higher in
symptom-driven cases (Supplementary Table 1). Sensitivity was
higher in symptom-driven cases compared with protocol-driven
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cases for ‘any relevant 1L-ECG abnormality’. Supplementary Table
2 shows the stratified analysis on GP-specific features and their as-
sociation on GPs’ performance. In sum, age, experience years as a
GP and the factor ‘doubt’ were statistically associated with correct
1L-ECG interpretation by GPs. Furthermore, incomplete responders
had a tendency to perform worse compared with complete re-
sponders. GPs’ self-rated ECG knowledge and the number of ECGs
a GP interprets per month were not significantly associated with
1L-ECG interpretation.

Supplementary Table 3 displays the diagnostic accuracy analysis
on the specified outcomes SVT, BBB and repolarization disorders. All
showed high specificity and low sensitivity.

Table 2. Characteristics of participating GPs in this online case-
vignette study evaluating GPs’ 1L-ECG interpretation skills

Number or Percentage or
median IQR
GP characteristics (7 = 384)
Sex (female) 165 43.0%
Age (years) 47 39.00-56.00
Experience as a GP (years) 14.0 6.75-22.00
ECG knowledge (self-rated)?
Complete responders ( 6.0 5.00-7.00
n=384)
Incomplete responders 6.0 4.00-7.00
(n=73)
ECG interpretations per month (7 = 384)
Null 102 26.6%
1to$ 198 51.6%
6to 10 65 16.9%
More than 10 19 4.9%
Practice adherence area (7 = 383)
Rural 93 24.3%
Urbanized 166 43.3%
Strongly urbanized 121 31.6%
Diverse 3 0.8%
Type of employment (n = 384)
Holder of own GP practice 292 76.0%
GP with permanent basis 74 19.3%
GP without permanent basis 18 4.7%

*Scale 1-10; difference between complete and incomplete responders:
P =0.049.

Table 3. Diagnostic accuracy of GPs’ interpretation of 1L-ECGs

Clinical relevance according to participants

Of those GPs who responded to the question on clinical relevance
(n = 384), 226 (59%) were positive about a 1L-ECG point-of-care
tool for use in clinical practice. Most responders found it useful in
patients presenting with palpitations (96%) and screening for AF
(84%) (Table 4).

Non-responders

In total, 229 non-responders answered the non-responder ques-
tionnaire. Most non-responders declined participation for reasons
not related to the questionnaire. A smaller group did not par-
ticipate because they did not feel affinity with reading ECGs
(18%) or felt their ECG reading skills were not sufficient (17%)
(Supplementary Table 4).

Discussion

GPs were able to safely exclude AF/Afl and other relevant ECG ab-
normalities on a 1L-ECG. When GPs suspected AF/Afl and other
ECG abnormalities; however, their assessment was inaccurate in half
of such cases. Providing GPs with the automatic algorithm interpret-
ation for AF did not improve their performance.

Previous work

Two studies investigated 1L-ECG interpretation by GPs for AF. In
2007, Mant et al. assessed diagnostic accuracy for AF detection in
GPs when using merely a single chest lead. They found a sensitivity
and specificity of 84.8% and 86.4%, respectively. Interpretation
of limb-lead or 12L-ECGs by GPs gave similar results, with a PPV
of 40.9% to diagnose AF (17). We found a higher sensitivity and
specificity for AF, which may be due to the longer duration of the
KardiaMobile rhythm-strip compared with the single chest-lead and
our presentation in a case-vignette format. A comparably low PPV
was found. More recently, Koshy et al. found a diagnostic accuracy
of 85% for two GPs interpreting 408 KardiaMobile 1L-ECGs for
the presence of AF/Afl (18).

Furthermore, Mant et al. showed an increase in sensitivity when
combining GP interpretation with automatic algorithm software on
12L-ECGs (17), contrasting with our findings. However, they re-
garded AF as present when either of them was positive, whilst in
our study it was only the GP who decided whether AF was present

Diagnostic AF/Afl Any relevant
accuracy abnormality
Total Without algorithm” With algorithm” 10dds ratio 95% CI

Prevalence 210/1613 (13%) 84/775 (11%) 126/838 (15%) 352/1613 (22%)
Sensitivity 92.5 (82.5-97.0) 91.2 (70.2-97.8) 93.4 (80.1-98.0) 1.372 (0.201-9.385) 96.3 (92.8-98.2)
Specificity 89.8 (85.5-92.9) 90.4 (94.2-84.5) 89.2 (83.2-93.2) 0.877 (0.430-1.787) 68.8 (62.4-74.6)
PPV 45.7  (22.4-70.9)  42.7  (14.0-77.4) 50.4 (19.7-80.7) 43.9 (27.7-61.5)
NPV 98.8 (97.1-99.5) 99.4 (99.0-99.7) 99.1 (98.1-99.6) 97.9 (94.9-99.1)

Accuracy measures are presented as percentages with their corresponding 95% CI.

“The odds ratio measures the association between availability of the algorithm and the probability of a GP interpreting a 1L-ECG correctly.


http://academic.oup.com/fampra/article-lookup/doi/10.1093/fampra/cmaa076#supplementary-data
http://academic.oup.com/fampra/article-lookup/doi/10.1093/fampra/cmaa076#supplementary-data
http://academic.oup.com/fampra/article-lookup/doi/10.1093/fampra/cmaa076#supplementary-data
http://academic.oup.com/fampra/article-lookup/doi/10.1093/fampra/cmaa076#supplementary-data

74

Family Practice, 2021, Vol. 38, No. 2

Table 4. GPs’ views regarding an added value of 1-ECGs for GPs’
clinical practice

Added value (7 = 384) Number Percentage
Yes 226 58.9
No 58 15.1
I don’t know 100 26.0
If yes, for what indication??
Palpitations 217 96.0
Screening for AF 189 83.6
Collapse 105 46.5
Dizziness 85 37.6
Dyspnoea 68 30.1
Chest pain 37 16.4

“More than one answer possible.

or not, taking into account the automatic algorithm interpretation
whenever available.

Strengths and limitations
A number of strengths deserve to be mentioned. Firstly, we invited
as many GPs as possible to try and minimize individual GP effects
on outcomes. By using e-mail recruitment, we were able to easily dis-
tribute our questionnaire to a large number of GPs. Secondly, the use
of case vignettes combined with a case-mix that resembles real-life
prevalence of ECG abnormalities contributed to the generalizability
of our results. Thirdly, through stratified analysis we were able to
show that the availability of the automatic algorithm interpretation
did not contribute to a more accurate assessment for AF by GPs.
Finally, we were able to perform analysis stratified by indication.
There were a number of limitations in our study. Firstly, selection
bias may have been introduced by both our participant selection, all
being affiliated with a university medical centre, and the suboptimal
response rate. Furthermore, the diagnostic accuracy of incomplete re-
sponders tended to be lower compared with complete responders. This
may have had a positive effect on our outcomes. Secondly, we presented
the 1L-ECGs rhythm strips to the GPs as 30-s overview files. This may
differ from the user experience in a smartphone app where only snip-
pets of a few seconds are shown, and one has to ‘swipe’ through the
rest of the recording. Such a swipe functionality was technically impos-
sible to implement in our questionnaire software. In clinical practice,
however, GPs are able to compute an overview file as PDE Thirdly, we
forced respondents to choose from a select number of ECG abnormal-
ities. However, we did give GPs a free text box to enter additional in-
formation. Because of this, after study completion, we recoded the open
text fields into variables for ‘repolarization disorders’, ‘other relevant
findings’ and ‘doubt’. Finally, since ‘any relevant 1L-ECG abnormality’
is a composite dichotomous outcome, it is possible that GPs and car-
diologists have judged a particular 1L-ECG strip as abnormal for dif-
ferent reasons. In such cases, the answer would have been counted as
correct, while the underlying interpretation was incorrect.

Clinical relevance

GPs are often confronted with symptoms that may be due to cardiac
arrhythmias (1,2). Previously, a 1L-ECG proved a reliable tool for
rhythm assessment in primary care when interpreted by cardiologists
(9). However, in primary care, it is the GP who is the first to inter-
pret the 1L-ECG strip. Based on the GP’s judgement of the 1L-ECG
a treatment is started or withheld, or additional investigations are
performed. Therefore, reliable interpretation of 1L-ECGs by GPs

is a prerequisite for safe and effective implementation of these de-
vices. However, to date, this has not yet been investigated extensively
(17,18).

This diagnostic accuracy study shows that GPs can safely rule out
AF/Afl and other clinically relevant ECG abnormalities in 1L-ECGs
representative of a primary care population. However, the low PPV
for AF/Afl as well as for other relevant ECG abnormalities suggests
that caution is warranted whenever a GP suspects an abnormality.
For these cases, we suggest to either consult a cardiologist for final
diagnosis or to perform additional cardiologic investigations.

Furthermore, we showed that providing GPs with an automatic
algorithm interpretation for AF does not improve results, despite
the algorithm’s 100% diagnostic accuracy for AF/Afl in this pool
of ECGs. Obviously, GPs did not follow the results of the provided
algorithm. It is unclear what factors contribute to this finding.
However, it does underscore that GPs should reconsider their diag-
nosis when their interpretation differs from the algorithm.

In clinical practice, a GP should always take into account all
patient information (i.e. symptoms, previous heart diseases, etc.)
whenever issuing and interpreting an ECG. Different clinical cir-
cumstances give different a priori chances of abnormalities. In our
study, stratified analysis for ECG indication showed that the PPV
in symptom-driven ECGs was higher for AF/Afl compared with the
protocol-driven cases.

The number of ECG-interpretations per month and self-rated
ECG knowledge of a GP were not statistically associated with better
performance. This implies that our recommendations apply to both
GPs with experience in ECG interpretations as well as GPs feeling
less comfortable in reading ECGs.

We think that the use of a 1L-ECG device connected with a
smartphone application can be a useful tool for GPs in daily practice,
with the internal algorithm offering a stronghold for its interpret-
ation. Furthermore, the connected smartphone application offers the
opportunity to both easily save the ECG in a patients’ record and
instantly share the ECG with for example a cardiologist. GPs should,
however, be cautious with the generated data in order to protect the
privacy of their patients.

Future work

Studies are required not only to assess whether the use of a 1L-ECG
alters GPs’ medical management but also to address physician and
patient satisfaction using a 1L-ECG. Additionally, the learning ef-
fect when using a 1L-ECG and its automatic algorithm for AF more
often should be subject to further study. Finally, post-implementation
studies should clarify which GPs will use these devices, for which pa-
tients and with what results.

Conclusion

GPs can safely rule out cardiac arrhythmias, including AF, using
single-lead ECGs. However, when an ECG abnormality is suspected,
the GP is incorrect in half of the cases. An automatic ECG interpret-
ation algorithm for AF did not improve GPs’ diagnostic accuracy. As
such, whenever the GP or the algorithm suspects an abnormality, we
recommend a low threshold for consulting an ECG expert for con-
firmation of this abnormality.

Supplementary material

Supplementary material is available at Family Practice online.
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