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ABSTRACT

Background:

In spite of much recent advancement, 12 lead e@extrdiogram (ECG) is still the most relied upowltéor
diagnosis of cardiac emergencies in the emergerpgartments, especially in resource poor settingsdi& on
accuracy of ECG interpretations, their likely impdn the emergency departments are scarce froma.lndi
Objective: To assess the accuracy of the ECG interpretatic@Nd@/resident doctors and emergency physicians, in
emergency department of a tertiary care teachisgitad in south IndiaM ethodology: The study was a prospective
observational study conducted in the emergency civedlidepartment of tertiary care teaching hospElG
interpretations of CMO/resident doctor and emergepitysicians are compared against the blinded, gziddard
interpretation by a cardiologist panBlesults. A total of 2857 ECGs of the patients presentindhwitest pain were
analyzed. The overall concordance as assessed &y par agreement index (MPAI) was higher for eraeoy
physician (MPAI=83.75%, Kappa statistic =0.50), gared to CMO/resident doctor (MPAI=75.95%, Kappa
statistic =0.48). The concordance rate for abnoB@G, as assessed by sensitivity of was only 6 A&%&MO/
resident doctor and was 78.3% for emergency playsiclhe concordance rate for normal ECGs, as a&sbdss
specificity was 81.5% and 87.2% respectively fothbthe groupsConclusions.ECG interpretation skills for both
normal and abnormal ECGs are better in emergenygyigihns, compared to CMO/resident doctors andoatter

for normal ECGs, compared to abnormal ECGs. Mafy threatening emergencies, which need immediate
intervention, are being missed.
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I ntroduction

There have been much advancement in the diagnisis aettings. Many western guidelines like American ttlea
acute myocardial infarction and other cardiac Association/American College of Cardiology and
emergencies in the recent past, in patients priegent Canadian Cardiovascular Society have been advagcatin
with chest pain. But the 12 lead electro cardiogramthe use of prehospital ECG interpretation in the
(ECG) is still the most relied upon tool in the evaluation of patients with chest pain. [1-3] Bat i
emergency departments, especially in resource poor Indian scenario, these systems have not evolvddrso
and many a times CMO or resident doctor is thest fir
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Dr. Ravindra Gade emergencies is made and decision is taken about
Department of Emergency Medicine referral to cardiac care unit. But currently, many
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ensure accurate interpretation of the ECG and @ptim the emergency department. In the second step, emgyg
communication between emergency department ancPhysician has interpreted the ECGs. Both were atkéabel

cardiac reperfusion facilities. [4] This can have the ECGs as normal or abnormal in the first stepthe
significant positive impact on the mortality and Second step they were asked to mention the diagruisi

morbidity in patients with cardiac emergencies.Many abnormal ECGs. All these ECGs were analyzed by

- 4 L ndependent panel of cardiologists. All the threeugs of
studies in the past have demonstrated a significan nterpreters were blinded to each other’s integdieh. The

discordance in the interpretation of ECGs betweencardiologist panel’s diagnosis was taken as the gtandard
emergency medicine residents and cardiologists andind the remaining interpretations were comparethsgthis
have suggested that failure to interpret the ECGgold standard.

accurately was a important factor in patient Ethical approval: Ethical approval of Human Ethics
management errors. [5,6] Despite the importanchesf ~ committee, NRI medical college and hospital wasaoied.
issue, not many studies were conducted in India onNo informed consent was sought from the subjectshare
accuracy of ECG interpretations, their likely impac was no additional data collection or interventioasvdone on

and the need to evolve appropriate mechanismsein th patients. . . . .
. Statistical procedures: Comparative descriptivdyamawas
emergency departments to address the issue.

done in the first step by cross tabulating nornnal abnormal

ECGs by all the interpreters. The number and ptapoiof

M ethodology concordant and discordant pairs were presented. The
sensitivity, specificity, positive and negative gicive

Study setting: Emergency department of NRI medicalvalues were computed for CMO/resident doctor and

college and hospital, which is a tertiary care biag ~ emergency physician's interpretations of ECG. Meqeir
hospital in south India. agreement index and kappa statistic were calcutatedsess

Study design: The study was prospective observation the reliability. Microsoft excel and SPSS ver. 24swised for

. : ... statistical analysis.
study of ECGs t"’?ke” from patlents presenting with Results: A total of 2857 ECGs of the patients presenting to
symptoms of anterior chest pain

i . the emergency department, with chest pain duriegstody
Study period: The data collection was done betweenyeriod were included in the final analysis. Outtioé total
1st July 2013 to 31st June 2014, i.e. for the domadf 2857 ECGs, 1103(38.6%) of the ECGs were abnorngal, a
one year diagnosed by cardiologist. CMO/resident doctor &bk to
Sample size and sampling: All the ECGs of patients diagnose only 67.2% abnormal ECGs and emergency
presenting with symptoms of anterior chest paithtostudy physician could diagnose 78.3% of the abnormal ECGs
setup were included, hence no sampling was done (tablel).
Study procedure: All the ECGs were initially intested by
the casualty medical officer (CMO) or the residéottors in

Table 1: Comparison of ECG interpretation by CM Os/resident doctors and cardiologist (N=2857)

Cardiologist panel (Gold standard)
Emergency department

Abnorma Norma Total
CM O/Resident doctor
Abnormal 741(67.2%) 325(18.5%) 1066
Normal 362(32.8%) 1429(81.5%) 1791
Total 110z 175¢ 2851
Emergency physician
Abnormal 864 (78.3% 225(12.8% 108¢
Normal 239 (21.7% 1529(87.2% 176¢
Total 1103 1754 2857

The sensitivity, specificity and predictive valuafsthe was 18.5% and 12.8% for the CMO/ resident doctor
CMOl/resident doctor and emergency physician and emergency physician respectively. The positive
interpretation are compared with gold standard. Thepredictive value (PPV) and negative predictive ealu
sensitivity of diagnosing an abnormal ECG was only (NPV) of CMO/resident doctor was 69.5% and 79.7%
67.2% for CMO/ resident doctor and was 78.3% for respectively and the similar values for emergency
emergency physician so they have missed 32.8% angbhysician were 79.3% and 86.4% respectively.
21.7% of the abnormal ECGs respectively. The False(table2)

positive rate i. e labeling normal ECGs, as abnérma
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Table 2: Validity and predictive values of ECG interpretation by CM O/resident doctor and emergency

physician
Parameter CM O/Resident doctor Emergency physician
Sensitivity 67.2% 78.3%
Specificity 81.5% 87.2%
False positiverate 18.5% 12.8%
False negativerate 32.8% 21.7%
Positive predictive value (PPV) 69.5% 79.3%
Negative predictive value (NPV) 79.7% 86.4%
Table 3: Reliability of ECG interpretation by CM O/resident doctor and emer gency physician
Parameter CM Ol/resident doctor Emergency physician
M ean pair agreement index (M PAI) 75.95% 83.75%
Kappa statistic 0.48 0.50

The reliability as assessed by mean pair agreeamehkappa  resident doctors were having difficulty in diagmasi
statistic was higher for emergency physician (MF#875%, pulmonary embolism, arrhythmia’s and bundle branch
Kappa statistic =0.50), compared to CMO/residenttato blocks. The spectrum of coronary artery diseaseQCWas
(MPAI=75.95%, Kappa statistic =0.48).The descriptiv relatively better diagnosed by both these groupsypared to
analysis shows that, both emergency physiciansCm@ or the above mentioned conditions. (table4)

Table 4: Descriptive analysis of false negative ECGs (missed diagnoses) by the study groups

Diagnosisby cardiologist panel CMO/Resident doctor Emergency physician
(N=362) (N=239)

Angina 16 (6.7%) 45 (12.5%)
STEMI 11(4.8%) 31(8.7%)

Old Infarct 21(8.9%) 45(12.5%)
Bundle branch block 38(16.0%) 77(21.2%)
Arrhythmia 71(29.5%) 85(23.5%)
Ventricular hypertrophy 29(12.1%) 29(8.1%)
Pulmonary embolism 53(22.0%) 49(13.5%)

Discussion

The 12 lead electro cardiogram (ECG) is still thestn  care to deal with cardiac emergencies. In the atirre
relied upon tool for, in the emergency departments,study, the overall concordance was higher for
especially in resource poor settings. In thesengstt emergency physician (MPAI=83.75%, Kappa statistic
the decision on referral to specialist cardiac dare =0.50), compared to CMOI/resident doctor
taken sometimes solely on the basis of ECG (MPAI=75.95%, Kappa statistic =0.48). The
interpretation. So it is imperative to assume, ECG concordance rate for abnormal ECG, as assessed by
interpretation skills of health care personal in sensitivity of was only 67.2% for CMO/ resident tmc
emergency department will have significant impatct o and was 78.3% for emergency physician. The
morbidity and mortality of these patients. In India concordance rate for normal ECGs, as assessed by
scenario, traditionally, CMO or resident doctorthe specificity was 81.5% and 87.2% respectively fothbo
first contact point, where the diagnosis of thezrdiac the groups. The current study also concludes that,
emergencies is made. But currently, many emergencyemergency physicians and CMO or resident doctors
departments are being manned by a separate cadre @fere having difficulty in diagnosing pulmonary
gualified emergency physicians. Assessing theembolism, arrhythmia’s and bundle branch blocke Th
accuracy of ECG interpretation skills of these atiét spectrum of coronary artery disease (CAD) was
cadres of health care providers in the emergencyrelatively better diagnosed by both these groups,
department is vital, in setting up appropriate exyst of compared to the above mentioned conditions.Bouida W
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et al, have reported 76% (kappa =
concordance between emergency physicians'

cardiologist ECG interpretations and concluded that
quality of ECG interpretation by ED physicians is
satisfactory and the
minimal clinical impac{7] Eken C et al, have reported
94.6% (kappa = 0.85) consistency in the interpietat

rare misinterpretations haveECG

0.41) overallto junior doctors with regard to critical treatment
andlecisions in cardiac emergencies, especially cayona

artery disease (CAD)[16]In their study of 1,000
ECGs, Todd KH et al have evaluated the impact of
review process as mandated by the Joint
Commission on Accreditation of Healthcare
Organizations (JCAHO). They have concluded that, th

of ECG between the emergency physicians andreview process will likely have minimal influence o

cardiologists for ST segment elevation, 78.6% (kapp

patient outcomes and recommended evaluation of the

0.57) for ischemic ECG findings and 79.3% (kappa = effectiveness of this review process to avoid wgestaf

0.36) for dynamic ECG chang€g®] Wathen JE et al
We conclude that, overall, a high rate of concocdan
exists between the pediatric emergency physicems
the cardiologist's ECG interpretation. The majonfy
discordant ECGs are not clinically significant.
However, among the clinically significant ECGs, rthe
is a higher rate of discordance. These data sugjgaist
review of pediatric ECGs by pediatric cardiologists
may significantly reduce underdetection of clinigal
important ECG findings in childref®] Salerno SM et
al in their review have summarized all the publéhe
evidence on accuracy of ECG interpretation. Acergdi

scarce resources for this purpsélin their study,

White T et al have evaluated the role of capacity
building by single seminar and guidelines on
interpretation of ECGs in increasing the accuraty o
ECG interpretation by senior house officers in the
Accident and Emergency (A&E) Department. They
have concluded that, the formal training in ECG
interpretation can reduce serious errors in ECG
interpretation. [18] Schull, M. J., et al , in theitudy

have concluded that, “lower-volume EDs have up-to 2
fold higher odds of missed acute myocardial infarct

compared with highest volume ones after controlling

to the review the Proportion of ECG diagnoses for patient factors. Many current technologies gesd

correctly identified by noncardiologist physicians
ranged from 36% to 96% in various studigg)]False-

to increase diagnostic sensitivity are feasibleyanl
higher-volume centers. Efforts to reduce overalésa

positive ECG diagnosis could lead to un- necessaryof missed acute myocardial infarctions should iadte
treatment and resulting un necessary expenditude anfocus on simpler solutions appropriate for lower-

sometimes likelihood of adverse effects of treatinen
In the current study, the false positive rate labeling

volume EDs, such as telemedicine to improve acitess
consultant expertise”. [19]In an extensive revidvald

normal ECGs, as abnormal was 18.5% and 12.8% forthe published literature on the subject, Salerno M
the CMO/ resident doctor and emergency physicianal have made few vital conclusions regarding the

respectively. Many studies in the past have evatlat

accuracy of ECG interpreations by non cardiologist

the magnitude and impact of false positive ECG health care providers, especially in emergencyrggtt

interpretations. They have reported a false pasitiv
ranging from zero to 27% for non cardiologists. Sde
studies also concluded that,
noncardiologists is closer to that of cardiologists
simpler interpretations, such as differentiatingnnal

from abnormal ECGs. [11-14]Many studies in the pastinfrequently as

the specificity of interpreting ECGs,

They have concluded that “physicians of all spéeisl
and levels of training, as well as computer sofenfar
frequently made errors in
interpreting ECGs when compared to expert electro
cardiographers”. Adverse patient outcomes occurred
a result of inaccurate ECG

have evaluated various strategies in the emergencynterpretations. The authors also have concludad th
department to address the issue. Various strategiethere is no evidence-based minimum number of ECG
evaluated were capacity building, taking comuter interpretations that is ideal for attaining or maining

assistance, ECG audit by cardiologist. Snyder C8, et
analyzed and compared

generated interpretation. The authors felt
distributing the computer-generated interpretatton
the ED physicians and formal review of all ED ECGs

competency in ECG interpretation skills. Further

the accuracy of ECGresearch is needed to clarify the optimal way tddbu
interpretation by ED physicians and a computer-

and maintain ECG interpretation skills based ofepéat

that outcomes. [10]

Limitations

by a skilled interpreter may decrease the number of )
missed diagnoses. (15) Srikanthan VS et al havelhe study could not analyze the impact of many

evaluated the impact of using a fax machine anwev

confounding variables, which can influence the

by cardiologist in increasing the accuracy of ECG accuracy of ECG interpretation.

interpretation. They concluded that use of fax nraeh
can provide vital assistance assists in decisiokinga
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Conclusions and recommendations

elevation myocardial infarction. Can J Cardiol
2009;25:25-32.

The study clearly concludes that, the ECG 4. Ducas RA, Wassef AW, Jassal DS, et al. To
interpretation skills for both normal and abnormal transmit or not to transmit: how good are
ECGs are better in emergency physicians, compared t emergency medical personnel in detecting
CMO/resident doctors. The Interpretation skillsith STEMI in patients with chest pain? Can J
the groups are better for normal ECGs, compared to Cardiol 2012:28:432—7.
abnormal ECGs. Many life threatening emergencies, 5 Kuhn M, Morgan MT, Hoffman JR. Quality
which needs immediate interventions are being rdisse assurance in the emergency department:
by CMO/resident doctors and less so by emergency evaluation of the ECG review process. Annals of
physicians. emergency medicine. 1992;21(1):10-5.

) 6. Westdrop EJ, Gratton MC, Watson WA.
Recommendations Emergency department interpretation  of

) ) . . electrocardiograms. Annals of emergency
A large volume of research is required in thisaate medicine. 1992:21(5):541-4.
understand various factors influencing the ECG Bouida W Driéi 7 'Nouira S. Gamra H. Ben
interpre;tations, theirllikely impact.on the mortgland Frahat M.’ [Evalua{tion of eléctrocardioé]ram‘s
morbidity of the patients. There is a need to catdu interpretation in the emergency department]. La
regular capacity building programmes these cadfes o Tunisie medicale. 2004;82(4):358-62.
health care providers, to reduce the inaccuraaies i Eken C. Goksu E Era{y O, Yalcinkaya S. The
ECG interpretatations. There is a need to evolve consisténcy of émergenéy physicians' and
app_ropyiate standard operating procedures like EC.G cardiologists' ECG interpretation and likelihood
audit in emergency departments. These capacity classification of chest pain patients. Internationa
building and administrative mterv_enfuons also rean journal of clinical practice. 2006:60(10):1194-7
be constantly evaluated for their impact, by furthe 9. Wathen JE, Rewers AB, Yetman AT, Schaffer
research. MS. Accuracy of ECG interpretation in the
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