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Accuracy of diagnosing atrial fibrillation on
electrocardiogram by primary care practitioners and
interpretative diagnostic software: analysis of data from
screening for atrial fibrillation in the elderly (SAFE) trial
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ABSTRACT

Objective To assess the accuracy of general practitioners,

practice nurses, and interpretative software in the use of

different types of electrocardiogram to diagnose atrial

fibrillation.

Design Prospective comparison with reference standard

of assessment of electrocardiograms by two independent

specialists.

Setting 49 general practices in central England.

Participants 2595 patients aged 65 or over screened for

atrial fibrillation as part of the screening for atrial

fibrillation in the elderly (SAFE) study; 49 general

practitioners and 49 practice nurses.

Interventions All electrocardiograms were read with the

Biolog interpretative software, and a random sample of

12 lead, limb lead, and single lead thoracic placement

electrocardiograms were assessed by general

practitioners and practice nurses independently of each

other and of the Biolog assessment.

Main outcome measures Sensitivity, specificity, and

positive and negative predictive values.

Results General practitioners detected 79 out of 99 cases

of atrial fibrillation on a 12 lead electrocardiogram

(sensitivity 80%, 95% confidence interval 71% to 87%)

and misinterpreted 114 out of 1355 cases of sinus rhythm

asatrial fibrillation (specificity 92%,90% to93%). Practice

nurses detected a similar proportion of cases of atrial

fibrillation (sensitivity 77%, 67% to 85%), but had a lower

specificity (85%, 83% to 87%). The interpretative software

was significantly more accurate, with a specificity of 99%,

but missed 36 of 215 cases of atrial fibrillation (sensitivity

83%). Combining general practitioners’ interpretation with

the interpretative software led to a sensitivity of 92%and a

specificity of 91%. Use of limb lead or single lead thoracic

placement electrocardiograms resulted in some loss of

specificity.

ConclusionsMany primary care professionals cannot

accurately detect atrial fibrillation on an

electrocardiogram, and interpretative software is not

sufficiently accurate to circumvent this problem, even

when combined with interpretation by a general

practitioner. Diagnosis of atrial fibrillation in the

community needs to factor in the reading of

electrocardiograms by appropriately trained people.

INTRODUCTION

Electrocardiograms for the diagnosis of atrial fibrillation
are now generated and read in primary care, whether by
a general practitioner, a practice nurse, or interpretative
software.However, little research has been done into the
extent to which the type of reader affects the accuracy
with which atrial fibrillation is detected by electro-
cardiography. A systematic review of studies of
interpretation of electrocardiograms found that
physicians of all specialties made frequent errors when
interpreting electrocardiograms.1 An evaluation of a
computer software algorithm found that it could detect
atrial fibrillationwitha sensitivityof91%anda specificity
of 99%.2 A subsidiary question to the reliability of
interpretation iswhether a full 12 lead electrocardiogram
is needed to diagnose atrial fibrillation. The aim of
this study was to assess the accuracy with which general
practitioners, practicenurses, and interpretative software
diagnose atrial fibrillation on 12 lead electro-
cardiograms, single lead thoracic placement
electrocardiograms, and limb lead recordings.

METHODS

We did the study as a prospective sub-study within the
screening for atrial fibrillation in the elderly (SAFE)
randomised controlled trial of different methods of
screening for atrial fibrillation in primary care.3 This
involved 50 practices in central England, which were
randomly allocated as 25 intervention practices, in
which a screening programmewas initiated, and 25 con-
trol practices. One general practitioner and one practice
nurse from each practice was involved in the study. The
training of practitioners in the intervention practices
included a one hour session on how to interpret an elec-
trocardiogram. Practitioners in the control practices
received no training.
Generation of electrocardiograms—We obtained 2595

12 lead electrocardiograms from people aged 65 or
over from the 25 SAFE “intervention” practices (figure).
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We assembled at random 25 batches of 100 electrocar-
diograms, comprising a third eachof 12 lead, single thor-
acic placement, and limb lead electrocardiograms. We
distributed these to the 49 practices, where they were
read by one general practitioner and one practice nurse.
Reading of electrocardiograms—We interpreted all the

electrocardiograms with interpretative software. We
asked each participant to indicate whether or not atrial
fibrillation or atrial flutter was present in each case. Prac-
titioners were blinded to patients’ identities, the diag-
noses made by the specialists, and the diagnoses
generated by the interpretative software.
Reference standard—Two consultant cardiologists,

blinded to the software interpretation and that of the pri-
mary care practitioners, read all the 12 lead electrocar-
diograms independently of each other.
Statistical methods—We calculated sensitivity, specifi-

city, and positive and negative predictive values. We
used regression to examine variation in sensitivity and
specificity with the type of electrocardiogram and
between control and interventionpractices. For compar-
ison of sensitivity and specificity between types of elec-
trocardiogram and between general practitioners and
nurses, we did both matched and unmatched analyses.

RESULTS

Forty two (86%) primary care physicians and 41 (84%)
nurses returned the results of their interpretation. The
prevalence of atrial fibrillation was 8.4%. Interpretative
software was the most accurate method of reading elec-
trocardiograms but did not give a rhythm diagnosis in

109 (4.3%) and missed 36 (17%) cases of atrial fibrilla-
tion. Ten per cent of computer diagnoses of atrial fibril-
lation were incorrect. The combined sensitivity of
general practitioner and interpretative software was
92%, and the specificity was 91% (table).
General practitioners and practice nurses detected

similar proportions of cases of atrial fibrillation (80% v
77% on 12 lead electrocardiogram), but diagnosis by
general practitioners was more specific. Nevertheless, a
diagnosis of atrial fibrillation by a general practitioner
was still more likely to bewrong than right (positive pre-
dictive value 40.9%). Use of 12 lead, limb lead, or single
thoracic placement electrocardiograms made little dif-
ference to the ability of primary care practitioners to cor-
rectly diagnose the presence of atrial fibrillation (P=0.52,
matched (0.52, unmatched) for general practitioners;
P=0.08 (0.35) for nurses). A significant difference
occurred when diagnosing the absence of atrial fibrilla-
tion, however; 12 lead electrocardiograms gave a better
outcome for general practitioners (P<0.001 (<0.001);
P=0.12 (0.23) for nurses).
No significant difference existed between the perfor-

mance of general practitioners from intervention and
control practices. Control general practitioners showed
a sensitivityof 84.0%anda specificityof88.1%, and inter-
vention general practitioners showed a sensitivity of
81.3% and a specificity of 88.9% (P=0.57 for sensitivity;
P=0.19 for specificity). However, practice nurses from
intervention practices interpreted electrocardiograms
more accurately than did those from control practices:
sensitivity 76.5% versus 68.9%; specificity 88.9% versus
78.9% (P=0.11 for sensitivity; P<0.001 for specificity).
The ability of individual general practitioners and

practice nurses to diagnose atrial fibrillation accurately
on an electrocardiogram varied widely. The sensitivity
of individual doctors varied from 50% to 100% and that
of practice nurses from 0% to 100%; the standard devia-
tions of individual sensitivities were 31% for general
practitioners and 37% for nurses. The false positive rate
of general practitioners varied from 0% to 44% and that
of practice nurses from 0% to 61%, and the respective
standard deviations were 13% and 17%.

DISCUSSION

In this study, general practitioners were unable to diag-
noseatrial fibrillationaccuratelyonanelectrocardiogram.
Twenty per cent of cases of atrial fibrillationweremissed,
and the probability that a positive diagnosis was correct
was only 41%.Changing from the 12 lead to simpler elec-
trocardiograms resulted in further loss of specificity.
Our results are substantially different from those

reported by Somerville and colleagues, who found that
a general practitioner could detect atrial fibrillation
accurately.4 Our results suggest that such performance
is atypical among general practitioners. Practice nurses
were less accurate than the doctors, and interpretative
software was more accurate than the doctors.
The generally lower P values on thematched analyses

reflect the variation in performance between the raters.
This variationwas greater for practice nurses than it was
for general practitioners, reflecting a greater range of
ability.

Participants (n=9866)

12 lead ECGs (n=2595)

Quality too poor to be read (n=3)

Not saved electronically (n=36)
No paper copy saved (n=3)

Invited for ECG (n=4933)
ECGs performed (n=2357, 48%)

Allocated to opportunistic screening (n=4933)
Pulses checked ( n=3278)
ECGs performed (n=238)

Computer software interpretation (n=2556) ECGs distributed (n=2553)

12 lead ECGs (n=848)Limb lead ECGs (n=858)Single lead ECGs (n=847)

Distributed (n=1675)Distributed (n=1695)Distributed (n=1683)

Returned by GP (n=1454)
Returned by PN (n=1426)

Returned by GP (n=1484)
Returned by PN (n=1445)

Returned by GP (n=1457)
Returned by PN (n=1422)

Reference standard applied (n=2592)

Flowchart of generation and reading of electrocardiograms. ECG=electrocardiogram; GP=general
practitioner; PN=practice nurse. *Each ECG was sent to two practices, except for one batch that

was sent to only one practice
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Strengths and weaknesses of study

The electrocardiograms being read for this study were
generated as part of a screening programme and so
reflect the sort of electrocardiograms that primary care
practitioners would need to read if screening for atrial
fibrillation. A strength of this study is the large number
of practitioners and electrocardiograms involved. Pre-
vious studies have tended to use a single cardiologist as
a “reference standard” for detecting atrial fibrillation on
an electrocardiogram.45 In this study, we used two con-
sultant cardiologists, with a third arbitrating as neces-
sary. The agreement between the cardiologists was
very high (over 99%), confirming that diagnosis of atrial
fibrillation can be made reliably through the reading of
an electrocardiogram by a physician with relevant train-
ing and experience.

The response rate was reasonably high; 84-86% of
participants returned their electrocardiograms. Non-
respondents may have been less accurate at interpreting
the electrocardiograms.

A primary care practitioner would not normally be
sent 100 electrocardiograms to read, so it may be that
the electrocardiograms were not read as carefully as
theywould have been in a clinical situation. The circum-
stanceswere also artificial in that the primary care practi-
tioners did not have access to other clinical information
when interpreting the electrocardiogram. However,
symptoms and signs are of limited use in the diagnosis
of atrial fibrillation.

Combining the results of the interpretative software
with interpretation by a general practitioner led to
some improvement in sensitivity, but at a cost of lower
specificity. Therefore, although the lack of access of the
study practitioners to the character of the pulse and the
software interpretation might have led to an underesti-
mate of sensitivity of interpretation of the electrocardio-
gram in the real world setting, we may have
overestimated specificity.

Implications

If more than half of diagnoses of atrial fibrillation in pri-
mary care are incorrect, this might lead to a lot of unne-
cessary referrals. Conversely, if a screening programme
relied on reading electrocardiograms in primary care,
about 20% of cases of atrial fibrillation would bemissed.
Computer software performedmuchbetter, but still had
an error rate sufficiently high to mean that decisions on
treatment cannot be based on diagnosis by computer
alone, even when combined with interpretation by a
general practitioner. Therefore, strategies to identify
atrial fibrillation in the community need to take into
account how and by whom the electrocardiogram will
be interpreted. If primary care practitioners are to detect
atrial fibrillation on an electrocardiogram reliably, they
need appropriate training. Alternatively, electrocardio-
grams generated in primary carewill need to be sent to a
specialist for accurate interpretation.
The recent guideline for atrial fibrillation from the

National Institute for Health and Clinical Excellence
recommends that electrocardiography is used to diag-
nose atrial fibrillation.6 This study suggests that quality
control of interpretation of electrocardiograms is an
important part of diagnosing atrial fibrillation in primary
care.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Electrocardiography is recognised as the standard investigation for diagnosing atrial
fibrillation

Little evidence exists as to whether primary care practitioners can reliably diagnose atrial
fibrillation on an electrocardiogram

WHAT THIS STUDY ADDS

Although a few primary care practitioners could diagnose the presence or absence of atrial
fibrillation accurately on an electrocardiogram, most could not

The accurate identification of atrial fibrillation in the community requires that
electrocardiograms are read by appropriately trained people

Summary statistics of accuracy of interpretation of electrocardiograms by reader and type

Reader and electrocardiogram type Sensitivity (95% CI) Specificity (95% CI)

Interpretative software:

12 lead 83.3 (78.3 to 88.2) 99.1 (98.7 to 99.5)

General practitioner:

12 lead 79.8 (70.5 to 87.2) 91.6 (90.1 to 93.1)

Limb lead 82.5 (74.8 to 88.7) 88.5 (86.9 to 90.2)

Chest lead 84.8 (78.7 to 91.0) 86.4 (84.6 to 88.3)

Practice nurse:

12 lead 77.1 (67.4 to 85.0) 85.1 (83.0 to 86.9)

Limb lead 72.0 (63.9 to 80.1) 83.4 (81.4 to 85.4)

Chest lead 68.7 (60.1 to 76.4) 82.8 (80.7 to 84.8)

General practitioner and interpretative software*:

12 lead 91.9 (86.6 to 97.3) 91.1 (89.6 to 92.6)

For the purposes of calculations for this table, “uncertain” diagnoses are counted as missed diagnoses for

sensitivity and as not atrial fibrillation for specificity.

*Defined as positive result if either (or both) is positive.
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