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Background. Some family physicians may be under 
pressure to relinquish the interpretation o f outpatient 
electrocardiograms to cardiologists. The purpose o f this 
study was to determine whether the quality o f electro
cardiogram (EGG) interpretations by family physicians 
justifies this pressure, and whether an immediately 
available computerized ECG interpretation program 
could serve as an appropriate backup for the family 
physician.
Methods, family practice faculty and residents at a uni
versity-based residency program provided written inter
pretations of 301 ECGs ordered over an 11-month pe
riod. 1 heir ECG findings were compared with those 
from a computerized interpretation program and the 
readings of the cardiology service. All interpretations 
were then compared with those o f a fellowship-trained 
electrocardiographcr, whose readings served as the ref
erence standard.
Results. Discrepancy was found between the family

physician and the electrocardiographcr on 33%  of 
those items that had any potential clinical significance. 
The computer interpretation and the cardiologist’s in
terpretation agreed with that o f the electrocardio- 
grapher on 63% and 71% o f these discrepancies, re
spectively (not statistically different).
Conclusions, family physicians reached a level o f  agree
ment with the reference standard in ECG interpreta
tion that was comparable to previously published re
ports for expert interratcr agreement. In this study, 
however, the quality o f ECG readings by family physi
cians was further improved by expert review. The qual
ity o f computer-assisted ECG interpretation was com
parable to that o f review provided by a cardiology' 
service. Furthermore, computerized interpretation may 
be clinically more useful because it is immediately avail
able.
Key words. Electrocardiogram; cardiology'; family prac
tice; quality assurance. / Fam Pract 1992; 34:428^-32.

Among tests obtained and interpreted in the family phy
sician’s office, the resting standard 12-lead electrocardio
gram (ECG) is one o f the most common, with approx
imately two ECGs ordered for every 100 patient visits.12 
It is generally considered an important diagnostic and 
management tool by family physicians. More than two 
thirds o f all family physicians routinely perform ECG 
studies in the office.3 Most o f these physicians read their 
own ECG studies, and base their clinical actions on their 
findings. In some settings, however, family physicians are 
under growing pressure to relinquish formal interpreta
tion of routine office ECG studies to consulting cardiol
ogists. Proponents o f  this position suggest that physi-
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cians who are not cardiologists are likclv to have 
inadequate ECG reading skills, and that patient care 
based on their ECG interpretations may be inferior.4 
Data arc not available, however, to support the view 
that a cardiologist’s interpretation, routinely returned 
to the clinician up to several day's after the study is 
done, is more useful than that o f the family physician, 
particularly when the ECG is obtained to help make 
immediate clinical decisions. Froom and Froom 1 and 
Graucr and Curry5 have demonstrated that family 
physicians can achieve proficiency in the interpretation 
of over 95% of all ECGs findings seen in the primary 
care setting.

The present study was designed to answer these 
questions: Is the quality o f ECG interpretations provided 
by family physicians acceptable? Is it significantly im
proved by expert backup? Can a high-quality computer- 
based ECG interpretation program compare favorably 
with review by a cardiology service in providing this 
expert backup?
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Methods
All ECGs ordered during an 11-month period by physi
cians in the family practice center on the campus o f a 
university hospital were included in the study. When a 
phvsician requested an ECG, it was immediately ob
tained on a Hewlett-Packard 4750-A  recorder by one of 
the trained family practice nurses. The physician was 
asked to read the study immediately and complete a 
questionnaire, noting whether the study was normal, 
describing all specific abnormal findings, stating the rea
son for the study, whether interpretations o f previous 
studies were available for comparison, and whether the 
information from this study influenced immediate pa
tient care. Within minutes after completing the question
naire, the physician was provided with a computer-gen
erated interpretation from the Hewlett-Packard ECG 
diagnostic program,6 available as backup in the family 
practice center for the previous 7 years. All computer 
interpretations were added to the pool o f ECGs from the 
university hospital and ambulator}' clinics for review by 
general cardiologists o f the routine ECG interpretation 
service, who were unaware o f the present study. Unlike 
the family phvsician who provided the initial interpreta
tion, the cardiologist referred to the computer printout 
while interpreting the ECG study. This procedure was 
consistent with the standard practice for interpretations 
in this and many other hospitals and outpatient sites.7 
The standard for comparison was the interpretation by 
one o f the authors (J.L .), a cardiologist with fellowship 
training and clinical expertise in cardiac electrophysiol
ogy, referred to here as the electrocardiographer. The 
standard for interpretation was validated in two ways. 
First, another fellowship-trained electrocardiographer in
terpreted a subset o f the study ECGs. Then the first 
electrocardiographer unknowingly reinterpreted a subset 
o f the study ECGs he had seen a few months before. 
Thus, intcrobservcr and intraobserver reliability checks 
were conducted.

The findings o f the family physician, computer, car
diologist, and electrocardiographer were coded accord
ing to the categories o f Hancock et al.8 Based on criteria 
established by consensus o f the authors prior to data 
collection, each coded finding was assigned one o f three- 
levels o f probable clinical significance: no clinical signif
icance, minor clinical significance, or major clinical sig
nificance. We obtained a measure o f agreement between 
the family physician and the electrocardiographer, and 
the family phvsician and cardiologist by comparing in
terpretations on all findings so that if error had been 
committed, its significance would be categorized as either 
“minor” or “major.” We determined how often the car
diologist and the electrocardiographer concurred when

ever either specialist differed from the family physician 
interpretation on these “clinically significant" items. 
Then, reviewing the computer interpretations, we deter
mined how manv o f the clinically significant errors (as 
determined bv our standard, the electrocardiographer) 
the family physician could have caught immediately by 
comparing his or her interpretation with that ot the 
computer. In this four-tiered ECG interpretation se
quence, involving the family physician, computer, cardi
ologist, and electrocardiographer, we determined 
whether subsequent levels of interpretation provided sta
tistically significant improvement over previous levels.

Results
During the 11 months from April 1988 through Febru
ary 1989, a total o f 357 ECG studies were obtained in 
14,198 visits to the family practice center, or 2.5 ECGs 
per 100 patient visits. The rate is similar to those re
ported by Froom and Froom1 (2.1/100), Nissan2 (2.0/ 
100), and Rosenblatt ct al3 (2.3/100). All 357 ECGs 
were submitted to the cardiology service for official in
terpretation. O f these, 301 tracings (84% ) had been 
interpreted by the family physician according to study 
protocol and were included in the study. The ECGs not 
properlv handled according to the study protocol did not 
represent interpretations o f greater complexity or diag
nostic difficult}' than those submitted. Of the 301 ECGs, 
only 36% were subsequently interpreted as “normal 
study” by the cardiologist; o f the 56 ECGs ordered but 
not included in the study, 42%  were interpreted as nor
mal. There were 2.1 abnormal findings per abnormal 
ECG among those properly handled, and 2.0 among 
those that were not a part o f the study. Neither difference 
is statistically significant by chi-square analysis (P >  .10).

We found a level o f agreement o f  0 .67  (95%  C l = 
0.62 to 0.72) between the family physician and the 
electrocardiographer on diagnoses o f potential clinical 
significance. A total o f  112 discrepancies o f potential 
clinical significance were found on 85 ECGs, or 28% of 
the ECGs in the study. O f these, 42 tracings were 
thought by the electrocardiographer to have discrepan
cies o f potentially minor significance, whereas 43 were 
thought to have at least one discrepancy o f  potentially 
major significance. Errors by family physicians were 
grouped into three categories: “errors o f omission,” 
where abnormalities that were probably significant were 
not seen; “errors o f misinterpretation,” where abnormal
ities were seen but misdiagnosed; and “errors of com
mission,” wheic abnormalities were noted that likely did 
not exist (Table 1). The most common error was over
looking probable infarcts. The second most common
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Table 1. Types and Numbers of Significant Errors by Family 
Physicians in Interpreting 301 ECGs, as Determined by an 
Electrocardiographer

Number o f Each Subtotal
Error Type* tor Each

Diagnostic
Diagnostic Category O MI C Category

Infarct 27 2 10 39
Conduction abnormality 8 5 10 23
Rhythm 9 6 — 15
Ischemia/strain/hypertrophy 1 9 3 13
Axis 5 1 3 9
Lead placement 5 1 — 6
Other 4 1 2 7

Total 59 25 28 112
* 0  denotes omission; M I, misinterpretation; C, commission.

error was noting infarcts and conduction abnormalities 
where they likely did not exist.

We found 115 discrepancies o f potential clinical 
significance when comparing the interpretations o f the 
family physician and the general cardiologist. The clec- 
trocardiographcr agreed with the cardiologist that a read
ing error had been committed on 86 o f these findings but 
disagreed on 29. The electrocardiographer cited an ad
ditional 26 errors not cited by the cardiologist. Using 
Dice’s “proportion o f  specific agreement,”9 this gives a 
value o f 0 .76  (95%  Cl = 0 .70  to 0 .82) for “expert” 
interrater agreement between the cardiologist and elec
trocardiographer on errors by family physicians. A sec
ond electrocardiographer read a subset (51) o f the study 
ECGs. Comparing his interpretations with those o f the 
first electrocardiographer by the same method gives us a 
second, and comparable, “expert” interrater agreement 
on probable family physician reading errors o f 0.75 
(95%  C l = 0.63 to 0.87). The first electrocardiographer 
unknowingly reread a subset (40) o f the study’s ECGs. 
Analysis o f  these interpretations gives an intrarater agree
ment on probable family practice reading errors o f  0.91 
(95%  Cl = 0.83 to 0.99). The repeated high level o f 
interrater agreement supports the accuracy o f our stan
dard, and the high intrarater agreement supports its 
reliability.

The initial Hewlett-Packard computer interpreta
tion o f  the ECG, before being reviewed and changed by 
the cardiology service, was available on a random subset 
o f 59 o f the 85 studies in which the electrocardiographer 
had noted potentially significant errors in interpretation 
by family physicians. The computer interpretation agreed 
with the interpretation by the electrocardiographer con
cerning potentially significant errors in interpretation of 
42 o f  the 67  items in the subset o f ECGs reviewed. The 
cardiologist’s interpretation agreed with 48 o f the 67 
items. By chi-square analysis, this difference was not 
statistically significant (P >  .10). The sequential im
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Figure 1. Accuracy of electrocardiogram readings done by the 
family physician, the computer, die cardiologist, compared 
with the electrocardiographer (the “gold” standard). Error bars 
represent 95%  confidence intervals.

AGREEMENT WITH STUDY STANDARD

INITIAL AFTER AFTER EC
FP COMPUTER CARDIOLOGY READING

READING CORRECTION CORRECTION

provement in the accuracy o f ECG interpretation by the 
family physician, the computer, and the cardiologist as 
defined by agreement with the interpretations o f the 
electrocardiographer on all findings o f potential clinical 
significance is illustrated in Figure 1. For the family 
physician the level o f agreement was 0 .6 7  (95%  C l = 
0.61 to 0.74), for the computer it was 0.88 (95%  C l = 
0.83 to 0.93) and for the cardiologist it was 0.91 (95%  
Cl = 0 .87  to 0.95). The only statistically significant 
improvement occurred with the computer interpretation.

According to the electrocardiographer only 108 o f 
the 301 study ECGs were normal, or 35.9%  (95%  C l = 
33.2 to 38.6% ), compared with 62.4%  reported by 
Froom and Froom1 and 69.7%  reported by Nissan.2 Our 
patient population was significantly older than the pop
ulation studied by these two authors, with 54%  (95%  Cl 
= 49 .0  to 59.0% ) older than 60 years (Nissan: 38.8% ) 
and 47.0%  (95%  Cl = 42 .0  to 52.0% ) older than 65 
years (Froom and Froom: 41.8% ). The most common 
diagnoses corresponded gcnerallv with those o f Froom 
and Froom,1 with discrepancies between the previous 
study and our studv primarily found in the frequency o f 
accurately detecting axis deviation and conduction ab
normalities (Table 2).

There were 227  responses about the use o f a previ
ous ECG. For ECGs o f this group demonstrating abnor
mal findings, there was a rate o f reading errors o f 31% 
when a previous ECG interpretation was available, and a 
rate o f 32% when no prev ious interpretation was avail
able. There was no apparent increase in accuracy o f 
interpretation when previous ECG studies were avail
able.
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Table 2. A Comparison of Rank Order of the Most 
Common Electrocardiogram (ECG) Findings in Two 
Ambulatory Family Practice Studies

Rank Order of Most 
Common Findings*

Hcrshcy Froom and
ECG Finding Medical Center Froom1

Normal ECG 1 1
Abnormal ST-T wave 2 2
Old mvocardial infarct 3 3
Left axis deviation or left anterior 4 6

fascicular block
Premature ventricular beat 5 4
Left ventricular hypertrophy with or 6 10

without strain
First degree anterior-ventricular block 8 9
Right bundle branch block 8 15
Atrial fibrillation 10 8
Atrial premature complex 10 5
Low voltage frontal leads 11 7
Left atrial abnormality 12 12
*Hershey Medical Center: 301 ECGs, 454 findings; Froom and Froom: 370 ECGs, 
462 finding.

Discussion
Did the family physicians in this study provide ECG 
interpretations o f  acceptable quality? There were poten
tially significant discrepancies between the family physi
cian and elcctrocardiographer on 28% o f study EGGs 
and 33% o f abnormal findings. The family physicians 
correctly identified normal tracings (less than 3% error 
rate), but the ECGs o f greater complexity and abnormal
ity were more likely to be misread. However, the 67% 
agreement rate between family physicians and clcctrocar- 
diographer on findings o f  potential clinical significance is 
still within the range o f published values for “expert 
interrater” agreement o f 60%  to 70% .10 Although they 
may be performing acceptably as measured against pub
lished standards, our study demonstrates that the quality 
o f their interpretations may be significantly improved by 
expert review.

Can a high-quality computer ECG interpretation 
program routinely fill this expert review role? This study 
demonstrates that the computer program was effective in 
correcting most o f the potentially significant ECG read
ing errors made by our family practice physicians. The 
degree o f improvement in accuracy between the family 
physician’s interpretation and the computer interpreta
tion was statistically significant, whereas that between the 
computer and cardiology sendee was not (P >  TO). The 
value o f the computer backup is enhanced by its imme
diate availability, whereas routine interpretations from 
the cardiology sendee are not available for at least 1 day, 
and more tvpically, several days. The difference in avail
ability may result in important differences in clinical

outcome, thus making the use o f  computerized ECG 
interpretations more favorable. However, this is an issue- 
best investigated by prospective study.

The patients studied here had a relatively high rate 
o f abnormal ECGs compared with those in other stud
ies.12 The higher rate probably reflects the older and 
more impaired patient population. It is unlikely that the 
physicians in this studv were overinterpreting the ECG 
findings compared with physicians in previous studies: 
(1) the standard diagnostic categories and criteria o f 
Hancock et al8 were used, and (2) all groups o f  ECG 
interpreters in this study had essentially the same number 
o f abnormal findings on each ECG. In our family practice 
center we have emphasized that the routine ECG has 
little use in screening for coronary artery disease.11 
Therefore, the family practice physicians may have o r
dered significantly fewer screening ECGs on apparently 
normal patients than physicians in previous studies.12

Reading errors that were called “significant” for the 
purposes o f this study often were not clinically signifi
cant. For example, the error o f missing a left bundle- 
branch block in an asymptomatic patient, assigned in our 
study a value o f “major significance,” would not typically 
be clinically significant.12 This means that our study 
probably overestimates the number o f clinically signifi
cant ECG reading errors made in the family physician’s 
office. To understand the impact o f  such errors on quality 
o f care, however, would require a controlled, prospective 
study o f clinical outcomes.

One o f the shortcomings in performance o f  physi
cians at all levels in our study, particularly among family 
physicians, and also noted by Blake,4 was the use of 
nonstandard, ambiguous, or hedging descriptive terms. 
Such comments as “small inferior Q waves noted” sug
gest hesitancy in the mind o f the interpreter, and may 
contribute to confusion in clinical management. The 
availability o f a reliable computerized interpretation pro
gram may have affected reader performance at several 
levels. Review o f  charts shows that the family physicians 
in this study, unless asked to do so, tended not to do a 
rigorous independent reading o f the EGG before they 
received the computer interpretation. Such habits are- 
likely to lead to a loss o f interpretive skills in senior 
physicians and hinder skills development in resident phy
sicians.7 Moreover, the family physicians may not have 
been critical enough o f  the computer in its areas o f 
greatest weakness (eg, arrhythmias). Likewise, the gen
eral cardiologist referred to the computer interpretation 
while reading the tracing, and in the process may not 
always have exercised appropriate independent critical 
judgment.

It is perhaps surprising to note that the family phy
sicians’ ECG reading accuracy was not related to the
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availability o f  a prior ECG interpretation. Patients with 
more than one ECG in their chart were more likely to 
have cardiac disease and less stable tracings, so that prior 
interpretations often did not accurately describe current 
findings. Moreover, even where the tracings remained 
stable, disagreement in interpretation provided by the 
different experts reviewing the tracings over time was 
common.

The study results suggest that family physicians with 
ECG interpretation skills commensurate with those of 
our clinicians will benefit from expert backup. Where 
available, a high-quality computer ECG interpretation 
program can provide the majority o f this backup. How
ever, if computer backup is not available, family physi
cians should consider a program o f ECG backup reading 
established directly with a cardiology colleague. Just how 
many and what kind o f ECGs arc reviewed will depend 
on the type o f patients seen, the frequency with which 
ECGs are ordered, and the skill o f  the family physician. 
These factors, particularly the latter, should be moni
tored before such a program is instituted, and then 
monitored regularly thereafter.

What level o f  agreement with “expert” interpreta
tion should be considered the minimal acceptable stan
dard for a family physician? One might reasonably de
mand that family physicians perform essentially as well as 
the most skillful, readily available interpreter. In our 
setting this performance level could be defined by obtain
ing a measure o f “blinded” expert interobserver agree
ment for general cardiologists within our own institu
tion. This figure likely would be lower than the 
nonblinded expert interobserver figure obtained in this 
study and might approach previously published figures o f 
60%  to 70 % .10 As shown, our family physicians, who

were the only blinded ECG readers in this study, are 
already performing at this level.
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