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Accuracy of Electrocardiogram Reading
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Objectives: Thisstudy evaluated the electrocardiogram (EKG) reading skillsof family precticeresidents.
Methods: A multicenter sudy was carried out to evaluate the accuracy of EKG reading in the family
pradice setting. Based on the frequency and potential for clinical sgnificance, we chose 18 common
findingson 10 EKGsfor evduation. The EKGs were then distributed to resdents at sx family practice
resdencies. Resdentsweregiven one paint for theidentification of each corred EKG finding and scored
based on the number correct over atotal of 18. Reaults: Sixty-oneresdents(20 first year, 23 second year,
and 18 third year) completed readings for 10 EKGs and were evaluated for their ability to identify 18
EK G findings. The median score out of 18 possible pointsfor all first-, second-, and third-year residents
was 12, 12, and 11.5, respectively. Twenty-one percent of resdents did not correctly identify a tracing of
an acute myocardial infarction. Data analyss showed no datigtically significant difference among the
three groups of residents. Conclusons: We evaluated the accuracy of EKG reading skills of family prac-
tice residents a each year of traning. This sudy suggests that EKG reading kills do not improve during

resdency, and further study of aurricular change to improve these skills should be considered.

(Fam Med 2000;32(5):315-9.)

Oneof thecommondiagnostic testsavailableto physi-
ciansisthe electrocardiogram (EKG). The use of the
EKG has become aroutine part of the evaluation of
patientswith cardiac complaints. In the past, many pri-
mary care physicians had their office EKG readings
verified by acardiologig. In today’s cost-containment
environment, reimbursement for such EKG “over reads’

isrardy available, and primary care physicians must
be prepared to recognize EKG signs of cardiac abnor-

malitieswith greater accuracy and recognize whenthese
abnormalities should lead to intervention or specialty
referral.

A review of therecent literature in the areaof EKG
interpretation found few studies on the EKG interpre-
tation skillsof family physicians. There have been stud-
ies evaluating the benefits of computer interpretations
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that eval uated concurrence between computer interpre-
tations and those of family physicians and cardiolo-
gigs. Inaseriesof 301 EKGsordered over an 11-month
period, Wooley et al* foundthat initial readingsby fam-
ily physicians had a 67% level of agreement with the
computer reading ondiagnosesof potential clinical Sg-
nificance, comparedwith 76% inter-raer agreement be-
tweenthe cardiol ogist and computer readings. | na study
by Pinkerton et al? designedto evaluate EKG interpre-
tation skillsof family practiceresidents, residentsfailed
to identify dassic electrocardiographic findings such
as acutemyocardial infarction and left ventricular hy-
pertrophy in nearly 20% of cases. Items such aslimb
lead reversal, pericarditis, and right ventricular hype-
trophy went unrecognized more than 60% of thetime.
Eventhough the EK G reading accuracy increased with
additiond yearsof resdency training, the performance
of many resdents<till fell short of the standardsset for
minimal competencein EKG interpretation.

In a study of emergency department physicians ac-
curecy in EKG reading, Knox et d* compared EKG
readings by emergency department physicians with
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those of gaff cardiology quality-assurance reviewers.
If readings were not in agreement, an expert cardiol-
ogy panel, usng ablinding methodol ogy, chose the su-
perior interpretation. Of 1,000 EKGs, the reading for
190 (19%) were sgnificantly discordant. The expert
cardiology panel preferred the emergency department
readingin 72 cases(38%) andthe staff cardiology read-
ingin 118 (62%).

In the study presented here, we compared the EKG
reading skills of family practice resdentsto our gold
standard of interpretation by two community cardiolo-
gigs. Thedifferencesamongresident yearsof training
in gx different resdency training programs were ex-
amined.

Methods

A multicenter study was carried out to evaluate the
accuracy of EKG reading by family precticeresdents.
Thestudy was conduded ove a2-year period, during
academic years 1997-1998 and 1998-1999. Subjects
includedfamily practice resdentsfromsix family prac-
tice resdenciesin two Sates. Five of six steswerelo-
cated in the southen California area, and one was lo-
cated in Texas. Theparticipating family practice res-
denciesincluded SantaMonica-University of Califor-
nia, Los Angeles (UCLA) Medical Center, Harbor-
UCLA Medical Center, VenturaCounty Medical Cen-
ter, Northridge Family Practice, Kaiser-Los Angeles
Family Practice, and University of Texas Medical
Branch in Galveston. The six programs were selected
based solely on their interest in participating in the
study. The cardiology curricular content of each res-
dency programis showninTable 1.

Initially we reviewed 100 EKGs performed at our
university-owned community hospitd and read by a
singlecardiologist. Based on thefrequency andpaoten-
tial for clinical sgnificance, we chose 18 EKGs tha
presented common findingsand used themfor evdua-
tion in this study. The EKGs selected were of three
general categories. rate and rhythm, conduction abnor-
malities, andmorphology. Table2 liststhe 18 findings
chosen.

Wethen had the 10 EK Gsread by asecond cardiol o-
gist toconfirmagreement on the findingsto be assessed.
Subsequently, the EKGs were digtributed as a packe
toresdentsat the six family practice res dency programs.

Ingtructions were given when digtributing the EKG
packetsto resdentsin all 3 yearsof traning. Thein-
gructions stated that residents should interpret each
EKG using any resource they typically used to read
EK Gs, except seekingthe helpof acolleague. Theres-
dents were not provided with clinical information and
were asked to write their interpretations at the bottom
of each EKG. The survey was anonymous, and resi-
dents interpretations wereidentified only by the year
of training and the family pradice residency ste.
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Data

TheKruskal-Wallis one-way ANOVA by ranks was
computed using SPSS version 8.0° to look for differ-
encesin the median scores of all three groups of resi-
dents. This non-parametric test was chosen based on
the skewed digtribution of scores within each group of
resdents and the unequal number of participants for
each group. An alpha value of .05 was chosen to indi-
cate sgnificance TheBonferroni adjustment wasused
toevaluate differencesamong individual groupsshould
a datigically sgnificant difference be detected by the
Kruskal-Wallis method. Other datawere evaluated by
using smple proportions and percentages to illustrate
trends.

Results

Sixty-one family practice residents (20 first year,
23second year, and 18 thirdyear) completed theEKG
evaluations, and their scores were availablefor analy-
ss. The percentage of firg-, second-, and third-year
resdents participating in the sudy averaged across all
sSx programs was 33%, 38% and 30%, respectively.

Table 2 shows the variousEK G findingsand the per-
centage of resdentswho correctly identified that find-
ing. The median number of correct interpretations out
of 18 possible correct readings for all firs-, second-,
andthird-yea resdentswere 12 (67%),12 (67%),and
11.5(64%), respectively. Therewasnostatistically Sg-
nificant difference in median scores among residents
in each of thethree cohorts(P=.49). Overall, resdents
correctly identifiedall 18 findingsapproximatdy 67%
of the time. A third-year resident generated the single
lowest score (7/18), while one second-year resdent
scored the highest (17/18).

The EKG finding most consstently identified cor-
rectly was normal sinus rhythm. All of the first- and
third-year residents, andall but one of the second-year
residents correctly identified this reading. The finding
least oftenidentified correctly wastheright axisdevia-
tion. Fewer than 31% of the second- and third-year resi-
dents correctly identifiedthisfinding, although 65% of
the first-year resdents did correctly identify it. Only
7% of all resdentswere abletoidentify the acute myo-
cardial infarction (MI) shownin Figure 1.

Discussion

Our study demondrated that residents fdl to iden-
tify the correct EK G finding 33% of thetime. Although
thisfalls within the acceptable range of published val-
ues for expert inter-rater agreement of 60% to 70%,
many family medicine educators and clinicians would
agreethat the scorescouldbeimproved.* Aninter-rater
agreement of 60%to 70% may or may not beasimpor-
tant, depending on the abnormalities presented. For
example, few would argue that failure to identify an
acute M| onthe EK G hasseriousclinical repercussons.
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Tablel

Cardiology Curricula of Residency Programs That Participated in the Study

ACLS
Residency Program Required
Harbor-UCLA Family
Practice Residency No
Santa Monica-UCLA
Family Practice Residency  Yes
Kaiser Sunset Family
Practice Residency Yes
Northridge Family
Practice Residency Yes
VenturaFamily
Practice Residency Yes

University of Texas
Medicd Branch
Family Practice Residency No

EK G—dectrocardiogram
ACLS—Advanced Cardiac Life Support

Cardiology Curriculum

Cadiology i sa4-wesk rotationi nthe secondyear. A typicd day duringtherotaion consists of EK G interpretation
sessions with an attending cardiologi<t, followed by consultation rounds and didactic sessions. The residents
work side by side with internal medicine residents assigned to the serviceand have identical responsibilities
that include theinpatient consultation service, aweekly cardiology clinic, EK Ginterpreations, and atendance
in cardiology teaching rounds. During the cardiology rotation, the residents may provide night coverage on the
family medicine service

In the second yea, residents spend afull month on a dedicaed cardiology rotation. They are assigned to a
cardiologist preceptor, whom they assist in the office with patient visits, i n the caheterization lab, in the
echocardiography lab, and oninpatient rounds. The preceptor also providesdidactic teaching, andrecentjournal
articlesor currert management principlesarefreguently discussed. Theresident also attendsmonthly cardiology
clinic in the resident’s continuity clinic, whereresidents patients are evaluated by the preceptor andthe family
practice resident on cardiology rotation. I n addition to thi srotation, residents recave teaching in cardiology
during their internd medicine rotation and at noon conferences, where cardiac topics are discussad frequently
(ie, EKGreading sKills).

Residents get exposureto cardiology patientsin the following settings: 1 month in the critical care unit asa
second-year resident, care of numerous cardiology cases on inpatient medicinein the 3 months asfirst-year
residents, 3 months as second-year residents, and 3 months as third-year residents. They can also do treadmills
as part of the 2-week dinical procedures rotation.

Allresidentscarefor inpatientswith cardiac problemsduring their rotation onthe adult inpatientfamily medicine
service. First- and second-year residentsarethe primary physiciansresponsible forthe care of the patientadmitted
with cardiologic problems. The resident requests necessary consultations from the cardiologist and spedalists

andwritesall ordersduringthe admission. Duringtheir rotationontheinpatient service, residentshave scheduled
formal cardiology roundstwice weekly, with informal sessionsfor patient managementteachingandadmissions
throughout each week. There aeno non-family practiceresidents on the service.

Sructured experiencein cardiology occurs in both inpatient and outpaient settings. In the inpatient service,
residentswill admit patientswith cardiacconditions. Supervisionis by thefull-time board-certified cardiologist.
Cadiology experienceis dso availableinthe outpatient clinicsaspartof the haf daysi nthe‘ outpatient sped dty”
blocks. In thesethreeblock rotations, the resident will work with faculty one on one in ageneral cardiology
clinic, ischemic heart diseaseclinic, and in atreadmiill clinic. Structured educational experiencein cardiology is
estimated to bea minimum of 30 hours of outpatient training anda minimum of 1 hour per day during inpatient
block rotations or 170 total hours.

Four-week rotation in cardiacintensive careunit in the first year and a4-week rotation in “ Heart Sation” in the
secondyear. Thefirst-year rotation isfull time, with call about every fourth night. The Heart Sation is 20 hours
spent reading EK Gs and performing stress tests—the residents do 20-50 stress tests per month.

In our study, 21% of residents missed the acute M|
shown on the EKG in Figure 1.

Our findingsjudtify the needfor family practiceresi-
dency programsto evaluate the EK G reading skills of
their resdents, evaluaethe curriculumcurrently being
used intheresidencies, and find effective strategiesfor
teaching EKG interpretation. Our findings also raise a
concern about EKG reading skills of family practice
resdency graduateswhoare currently practicingclini-
cians. Unless postgraduation learning has taken place,

itispossblethat many practicing physicians might also
fail to identify key EKG abnormalitieslike M.

Limitations

In considering theresults of our sudy, somelimita-
tionsneed to be addressed. Aspointed out in our meth-
odology, noclinical scenarioswere givenwith theEKG
tracings. As a clinician, the patient presentation and
higtory are a vital tool in diagnoss. It could be argued
that EKG tradngs alone are not sufficient to guidethe
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physician. However, in the case of theacute M1, noti ng
any ST segment changes on EKG isroutine and does
not requireaclinical scenario.

A second limitation in our study was thelarge num-
ber of abnormal EKG findings. In atypical family
pradice office, normal snusrhythm isthe most com-
mon EKG finding encountered. Thus, the packet of
EKGs presented to the residents was nat a true reflec-
tion of what aphysician would encounter in everyday
practice.

Third, theresponserate to our EKG study wasquite
low. Only about one third of residents completed the
survey. Itisdifficult for usto speculate about the cha-
acterigics of the resdents who submitted thar EKG
reading interpretations in comparison with thase who
did not, though one might hy pothesize that responding
residents were those most interested and most confi-
dent in their EKG reading skills. If so, then the
nonrespondents may have made even more errors.
Clearly, therefore, thelow resdent responserate limits
generalizability and may introduce selection bias. The
small number of participants also limits the ability to
detect Stati stical ly sgnificant differencesamongres-
dentsin each of the 3yearsof traning.
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Table?2

18 EKG Tracings Evaluated in This Study

% of Residents Who
Achieved Correct Reading

EK G Reading
Rate and rhythm
* Normal sinusrhythm (2)
« Snustachycardia
* Snusbradycardia (2)
o Atrial flutter 2:1
» Pacedrhythm
« Atrial fibrillation: rateuncontrolled
« Atrial fibrillation: rate controlled

Blocks and bundles
« Right bundle branch block (2)
* Frst-degree AV block
« Left bundlebranch block

Morphology
« Left ventricular hypertrophy
» Old myocardial infarction (M)
» Acute Ml: inferolaerd ST elevation
* Right axis deviation

EK G—dectrocardiogram
AV —atrioventricular

80,

Figure 1

Electrocardiogram Demongtrating Acute Intero-lateral Myocardial | nfarction*
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The myocardial infarction was corredly identified by 79% of residentsin the study.
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Fourth, because some programs contributed a dis-
proportionately larger number of residents than other
programs, direct comparison among all Sx programs,
instead of grouping by year of resdency, was not pos-
sble. Also, to maintain anonymity, Ste-specific scores
were not reported. Each dte did, however, receive a
confidential assessment of its residents performance
to allow the stesto address any potential deficits.

Fifth, our analysis did not account for misidentified
abnormalitiesand” overcalls’ (ie,indicating morefind-
ings than were actudly present). For instance, ares-
dent may have noted that a particular EKG had abnor-
malities indicative of further investigation but would
not receive credit for simply noting that it was not
normal.

Sixth, there was no accounting for thevariable lev-
els of motivation and time spent completing the EKG
tradngs. Some residents might have spent hoursreview-
ing the EKGs, while others might have donea aursory
review of EKG tradngs. We haveno way of ng
theeffort that resdentsdevoted to evaluating the EKG
tracingsin this study.

Finally, participants in this study did not have the
assstance of acomputer interpretation of the EKGs. In
many primary care settings, theclinicianwould be able
to usethe compute reading asan aid to interpretation.
A number of studies have demonstrated that access to
computer interpretationsimprovesconcordance S gnifi-
cantly.* Nonetheless, the use of computerized EKGsis
not a subgtitutefor clinical judgment and the ability to
identify important EKG abnormalities.

Curricular Changes

The findings of this study suggest the need for im-
provement in EKG-reading curriculain resdency pro-
grams. Some paossible curricular changescouldinclude
EK G-reading workshaops, targeted cardiology rotation
curriculum, one-on-one didactic lectures tha focus on
problemareasfor theresdent, and self-directedlearn-
ingwith tools suchasCD-ROMs. Somelogistical prob-
lems with EKG workshops include economic con-
graints, inconvenient locaions, and work obligations
that might prohibit cliniciansfrom attending workshops.
Theself-directed learning tools have the advantage of
lower cogt, ability to self-pace, ongoing availability,
usefulness at a variety of knowledgelevels, time con-
venience, and the ability to use modules in different
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locations. Because these self-directed learning tools
have the limitations of need for self-mativation, fol-
low-up testing would be recommended.

A potential curriculum might includeincorporating
advanced cardiec life support in the resdent orienta-
tion period. This could providethe new resdents with
another opportunity toreview arrhythmiainterpretation
and hdp decrease anxiety during the first code blue.

Evaluation of resdents with regard to EKG reading
accuracy could also be incorporated into the family
pradice curriculum. A package of EKGs could be dis-
tributed to all incoming residents, smilar to what was
donein thisstudy. Thefaculty would identify the areas
of weaknessi nEK G knowledge and aremediation pro-
gram could be implemented to include specific read-
ings, practiceinterpretations of selected EK Gs, and one-
on-onereview of practicetracing with afaculty member.

Finally, effectiveteaching of the EKG interpretation
requires that the faculty possess excellent EK G-read-
ing kills. Our gudy did not assess the EKG-reading
abilities of family medidne faculty to determine how
their performance compared to those of the resdents.
Thispart of curricularedesign will require programsto
self-assesstheir own EK G reading skillsto ensuretha
they havetherequisite knowledgeto teach these skills
to their resdents.
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