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Background: There have been many proposals for objective
standards designed to optimize training, testing, and maintaining
competency in interpretation of electrocardiograms (ECGs). How-
ever, most of these recommendations are consensus based and
are not derived from clinical trials that include patient outcomes.

Purpose: To critically review the available data on training, ac-
curacy, and outcomes of computer and physician interpretation of
12-lead resting ECGs.

Data Sources: English-language articles were retrieved by
searching MEDLINE (1966 to 2002), EMBASE (1974 to 2002), and
the Cochrane Controlled Trials Register (1975–2002). The refer-
ences in articles selected for analysis were also reviewed for
relevance.

Study Selection: All articles on training, accuracy, and out-
comes of ECG interpretations were analyzed.

Data Extraction: Study design and results were summarized in
evidence tables. Information on physician interpretation compared

to a “gold standard,” typically a consensus panel of expert elec-
trocardiographers, was extracted. The clinical context of and out-
comes related to the ECG interpretation were obtained whenever
possible.

Data Synthesis: Physicians of all specialties and levels of train-
ing, as well as computer software for interpreting ECGs, frequent-
ly made errors in interpreting ECGs when compared to expert
electrocardiographers. There was also substantial disagreement on
interpretations among cardiologists. Adverse patient outcomes oc-
curred infrequently when ECGs were incorrectly interpreted.

Conclusions: There is no evidence-based minimum number of
ECG interpretations that is ideal for attaining or maintaining com-
petency in ECG interpretation skills. Further research is needed to
clarify the optimal way to build and maintain ECG interpretation
skills based on patient outcomes.
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Interpretations of 12-lead resting electrocardiograms
(ECGs) are often required in both ambulatory and inpa-

tient settings. Organizations, including the American Col-
lege of Cardiology (ACC) and the American Heart Associ-
ation (AHA), have published consensus-based competency
standards suggesting the optimal number of ECGs neces-
sary to obtain and maintain competency in ECG interpre-
tation skills. The ACC/AHA guidelines recommend inter-
preting a minimum of 500 supervised ECGs during initial
training, using standardized testing in ECG interpretation
to confirm initial competency and interpreting 100 ECGs
yearly to maintain competency (1). The consensus state-
ment asserts that these standards should apply to all prac-
tice settings and situations; however, the statement is con-
troversial because of the lack of evidence-based literature
on the optimal techniques for learning, maintaining, and
testing competency in ECG interpretation. This systematic
review attempts to synthesize the literature that may prove
useful for physicians, program directors, and organizations
seeking alternative evidence-based information on physi-
cian ECG interpretation skills.

METHODS

We retrieved information through systematic searches
and ongoing surveillance of MEDLINE (1996 to 2002),
EMBASE (1974 to 2002), and the Cochrane Controlled
trials Register (1975 to 2002). We used the following in-
dex terms and text words: electrocardiogram interpretation,
electrocardiogram competency, electrocardiogram training,
electrocardiogram errors, and computer electrocardiogram in-

terpretation. Our search was limited to English-language
articles that studied adult participants. References of the
full-length articles were analyzed for additional citations.
The search revealed 419 articles of potential interest. After
we analyzed the abstracts of these articles, we eliminated
378 because ECG interpretation was not the main study
focus. Thirty-nine articles and 2 letters to the editor con-
tained research data directly related to ECG interpretation.

We divided the articles into the following broad cate-
gories: studies that included clinical outcomes (Table 1),
studies that included discussion of the accuracy of com-
puter ECG interpretation (Table 2), and all other studies
that compared noncardiologists to a cardiologist reference
standard (Table 3). The studies were not graded by qual-
ity. Although criteria exist for grading the quality of studies
of diagnostic tests, the focus of our study was the users of
the test rather than the usefulness of electrocardiography
for diagnosing specific diseases. We also reviewed the rec-
ommendations of the American Board of Internal Medi-
cine, American College of Physicians, AHA, ACC, and
Accreditation Council on Graduate Medical Education
Residency Review Committees for Internal Medicine and
Cardiovascular Diseases (1, 43–45).

REFERENCE STANDARDS FOR DETERMINING ECG
INTERPRETATION ACCURACY

One common feature of most ECG interpretation
studies is the use of an expert electrocardiographer “gold
standard,” typically a consensus panel of cardiologists. This
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Table 1. Electrocardiogram Interpretation Studies with Clinical Outcomes*

Study
(Reference),
Year, Country

Focus of Study ECGs
Studied,
n

Type and Number
of Participants

Interpretation Results† Clinical Outcome

Brady et al. (2),
2000, United
States

ST-segment elevation in
ED patients with chest
pain

202 ED physicians
(n ! unknown)

94.1% agreement with reference
standard

Adverse outcomes: not calculated
Management changes: no management

errors

Srikanthan et
al. (3), 1997,
Scotland

ECG criteria for thrombo-
lytic therapy in ED pa-
tients with acute MI

112 Senior house
officers (n ! 9)

83.9% agreement with reference
standard

Adverse outcomes: none (all ECGs faxed to
cardiologists for immediate review)

Management changes: 8.9% of patients had
management changes based on
cardiologist review of ECG

Todd et al. (4),
1996, United
States

Comprehensive interpre-
tation of ECGs from
ED patients

1000 ED physicians and
cardiologists
(n ! unknown)

Emergency physicians: 85.2% agree-
ment with reference standard

Cardiologists: 92.8% agreement with
reference standard

Adverse outcomes: 0.1% incidence of
potentially preventable deaths due to ECG
interpretation errors

Management changes: 0.8% of patients
with probable management changes due
to ECG interpretation errors

White et al.
(5), 1995,
England

Comprehensive interpre-
tation of ECGs from
ED patients (before
and after ECG semi-
nars)

487 Senior house
officers
(n ! unknown)

House officers preseminar (245 ECGs):
46% agreement with reference stan-
dard; 21.3% of ECGs with serious
interpretation errors

House officers postseminar (242
ECGs): 45% agreement with refer-
ence standard; 10.7% of ECGs with
serious interpretation errors

Adverse outcomes: not described
Management changes: Preseminar: 3.2% of

patients admitted or discharged inappro-
priately because of ECG interpretation
errors. Postseminar: 1.7% of patients dis-
charged inappropriately because of ECG
interpretation errors

Snoey et al.
(6), 1994,
France

Comprehensive interpre-
tation and diagnosis of
acute MI in ECGs from
ED patients

300 First-year residents
(n ! unknown)

49.7% agreement with reference stan-
dard; 32.7% indeterminate or seri-
ous interpretation errors (! ! 0.32);
100% agreement with reference
standard on diagnosis of MI

Adverse outcomes: none
Management changes: 0.7% of patients

treated inappropriately because of ECG
interpretation errors

McCarthy et al.
(7), 1993,
United States

Diagnosis of acute MI
from discharged ED
patients

1050 ED resident and
staff physicians
(n ! unknown)

1.9% of patients inappropriately dis-
charged; 25% of these had missed
ST-segment elevation

Adverse outcomes: unknown mortality in
subset of patients with incorrect ECG in-
terpretations

Management changes: 20% of patients in-
appropriately discharged (0.4% of the
total discharged) because of ECG interpre-
tation errors

Westdrop et al.
(8), 1992,
United States

Comprehensive ECG
interpretation in dis-
charged ED patients

143 ED resident and
staff physicians
(n ! unknown)

42.0% agreement with reference stan-
dard; 17.5% of interpretation errors
of clinical significance

Adverse outcomes: none
Management changes: 1.4% of patients

with ECG interpretation errors treated
inappropriately

Jayes et al. (9),
1992, United
States

ST-segment or T-wave
abnormalities

1912 ED resident and
staff physicians
(n ! unknown)

ST-segment abnormalities: Residents:
62.9% sensitivity, 77.9% specificity;
ED staff: 57.4% sensitivity, 89.3%
specificity

T-wave abnormalities: Residents:
76.5% sensitivity, 73.1% specificity;
ED staff: 57.3% sensitivity, 87.8%
specificity

Adverse outcomes: no change in
diagnosis-adjusted survival rates
in patients with ECG interpretation errors

Management changes: inappropriate
admission or discharge more likely when
abnormal ST segments (22% vs. 11%) or
T waves (18% vs. 14%) misread as
normal

Kuhn et al.
(10), 1992,
United States

Comprehensive interpre-
tation of ECGs from
ED patients

400 ED residents, staff
physicians, and
cardiologists
(n ! unknown)

ED physicians: 59.2% agreement with
reference standard on major abnor-
malities, 8.3% serious interpretation
errors

Adverse outcomes: not described
Management changes: 0.5% of patients

with ECG interpretation errors had
inappropriate management

Morrison and
Swann (11),
1990,
Scotland

Comprehensive interpre-
tation of ECGs from
ED patients

126 Senior house
officers (n ! 12)

80.2% agreement with reference stan-
dard; 4.4% major interpretation er-
rors

Adverse outcomes: none
Management changes: 0.8% of patients

with ECG interpretation errors had
inappropriate management

Lee et al. (12),
1987, United
States

Diagnosis of acute MI in
discharged ED patients

1283 ED physicians
(n ! unknown)

35 patients inappropriately discharged;
23% of these patients had ECG in-
terpretation errors

Adverse outcomes: 0.6% of the total
number of discharged patients with ECG
interpretation errors were inappropriately
discharged

Management changes: 0.6% of the total
number of discharged patients were
inappropriately discharged because of
ECG interpretation errors

* ECG ! electrocardiogram; ED ! emergency department; MI ! myocardial infarction.
† The reference standard refers to interpretation of one or more expert electrocardiographers, typically cardiologists. Sensitivity and specificity refer to diagnosis of pertinent
ECG abnormality, as defined by reference standard. Agreement with reference standard refers to proportion of ECGs in full agreement with the reference standard.
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may be problematic because interpretations by several car-
diologists reading the same ECG often vary substantially
(14, 17, 29, 42). Even one cardiologist reading the same
ECG on separate occasions may have substantially different
interpretations (14, 29, 42).

Most studies on ECG interpretation by cardiologists
report the proportion of abnormal diagnoses that are cor-
rectly identified, as determined by a consensus panel.
These studies report that the participating cardiologists
correctly determined 53% to 96% of the abnormalities
identified by the reference standard (4, 17, 21, 23, 24, 28,
30). Two recent studies examined whether cardiologists
agreed among themselves and their colleagues by using !
statistics to adjust for interpretations that agreed on the
basis of chance alone (14, 29). Holmvang and colleagues
reviewed 502 ECGs examined by both local cardiologists
and an expert electrocardiography consensus panel (29).
Agreement was poor to moderate on identification of ST-
segment elevation (! ! 0.05), ST-segment depression
(! ! 0.38), and a normal ECG (! ! 0.42). Interrater
agreement on detecting T-wave inversion was very good
(! ! 0.63). In contrast, intrarater agreement by the expert
electrocardiographic consensus panel was good (! ! 0.58
to 0.67).

Levels of agreement may be higher for serious abnor-
malities, such as ST-segment elevation criteria for use of
thrombolytic therapy. Massel and colleagues reported sub-
stantial agreement (! ! 0.78) among three cardiologists
examining whether 75 ECGs met criteria for thrombolytic
therapy (14). The study also showed good intrarater agree-
ment (! ! 0.67 to 0.71) when the three cardiologists de-
termined criteria for thrombolytic therapy on two separate
occasions.

Because cardiologists do not agree on many aspects of
ECG interpretation, future studies examining noncardiolo-
gist or computer interpretation should include ! statistics
and control groups of cardiologists. Readers can then draw
more sophisticated conclusions about the importance of
disagreements in ECG analysis. More accurate measures of
agreement, such as weighted ! statistics, should be in-
cluded because disagreement may relate to only some as-
pects of the ECG interpretation.

FREQUENCY OF ECG INTERPRETATION ERRORS BY

STAFF AND RESIDENT PHYSICIANS

Numerous trials have compared the ECG interpreta-
tion skills of cardiologists and noncardiologists. Most stud-
ies measured the proportion of ECG diagnoses determined
by an expert consensus panel “gold standard” that noncar-
diologist physicians could identify. Seven studies measur-
ing comprehensive ECG analysis found that the proportion
of ECG diagnoses correctly identified by noncardiologist
physicians ranged from 36% to 96% (4–6, 8, 11, 13, 33).
In several studies that focused on a particular aspect of
ECG interpretation, noncardiologists identified 87% to

100% of ECGs showing acute myocardial ischemia (6,
27), correctly classified 72% to 94% of ECGs as meeting
inclusion criteria for thrombolytic therapy (3, 26, 30, 32,
37, 40), diagnosed 57% to 95% of ST-segment abnormal-
ities (2, 9, 26), and correctly measured about 25% of PR
and QT intervals (36).

Although most studies combined resident and staff
physicians in their analyses, some provided data allowing
subgroup analysis. Twelve articles included information
specifically on resident physician interpretation skills. Res-
ident physicians detected 96% of abnormal ECGs (15),
correctly identified inclusion criteria for thrombolytic ther-
apy 73% to 84% of the time (3, 26, 30, 32), demonstrated
36% to 80% of ECG diagnoses as determined by expert
electrocardiographers (5, 6, 11, 13, 21, 28, 41), and dis-
covered 38% of technical ECG abnormalities (41). Only
two articles provided sufficient information for subgroup
analysis on noncardiologist staff physicians. The articles
did not provide information on specialty background or
board certification. Staff physicians correctly identified in-
clusion criteria for thrombolytic therapy 77% of the time
(30) and diagnosed abnormal ST-segment and T-wave ab-
normalities 57% to 97% of the time (16).

Four studies provided information on the ECG inter-
pretation skills of nonphysicians. In two studies, nurses
correctly identified ECG criteria for thrombolytic therapy
84% to 94% of the time (30, 37). The other studies ex-
amined the interpretation skills of medical students (28,
38), who identified 17% to 63% of ECG abnormalities
identified by an expert reference standard.

Trainees often gain experience in ECG interpretation
when they use an ECG to assist in the clinical management
of a patient. Not surprisingly, research has shown that clin-
ical history may affect interpretation of ECGs (28, 31, 38).
Providers with less training are influenced by the history to
a greater extent than are more experienced electrocardio-
graphers. For example, when given a misleading history,
diagnostic accuracy was reduced by 5% for cardiologists
but up to 25% for residents in one recent study (28).
Cardiologists performed better than other interpreters in
all settings and were 90% accurate in their diagnoses, even
when no history was provided. Another study also demon-
strated that interpretations by cardiologists were minimally
dependent on the presence or absence of history (46). This
information suggests that noncardiologist interpreters may
make more accurate interpretations when they know the
clinical context of the ECG.

False-positive ECG interpretations could lead to un-
necessary patient treatment. Six studies examined this as-
pect of interpretation (9, 15–17, 37, 40). Cardiologists
typically had fewer false-positive interpretations than did
noncardiologists. Cardiologists demonstrated a specificity
of 93% to 100% for diagnosis of substantial ECG ab-
normalities, such as myocardial ischemia; specificity for
noncardiologist physicians was 73% to 100%. In simpler
determinations, such as differentiating normal from abnor-
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Table 2. Electrocardiogram Interpretation Studies Comparing Computer and Physician Interpretation*

Study (Reference),
Year, Country

Focus of Study ECGs
Studied, n

Type and Number of
Participants

Interpretation Results†

Goodacre et al. (13),
2001, England

Comprehensive interpretation of
ECGs from ED patients

50 Senior house officers (n ! 10)
and computer

Senior house officers without comput-
er: 36.4% agreement with reference
standard; 22.4% of interpretation
errors considered major

Senior house officers with computer:
41.6% agreement with reference
standard; 18.4% of interpretation
errors considered major

Computer: Unknown agreement with
reference standard; 4.0% of inter-
pretation errors considered major

Massel et al. (14),
2000, Canada

ECG criteria for thrombolytic
therapy in cardiac inpatients

75 Cardiologists (n ! 3) and
computer

Computer: 61.5% sensitivity, 100.0%
specificity, ! ! 0.68 with reference
standard

Cardiologists: ! ! 0.78 for ST-segment
elevation and 0.89 for acute trans-
mural injury

Sekiguchi et al. (15),
1999, Japan

Detection of abnormal ECGs 1058 Internal medicine residents
(n ! 25) and computer

Computer: 87.4% sensitivity, 83.5%
specificity

Internal medicine residents: 96.3%
sensitivity, 99.1% specificity

de Bruyne et al.
(16), 1997, the
Netherlands

ECG criteria for MI, bundle-
branch block, and ventricular
hypertrophy

381 Computer and research
physicians (n ! unknown)

Computer: 73.8%–92.9% sensitivity,
97.5%–99.8% specificity

Research physicians: 71.8%–96.9%
sensitivity, 96.3%–99.6% specificity

Brailer et al. (17),
1997, United
States

Comprehensive interpretation of
investigator-selected ECGs

80 Cardiologists (n ! 22) with
and without computer

Cardiologists without computer: 53.0%
agreement with reference standard;
7.0% of normal ECGs incorrectly
read as abnormal

Cardiologists with computer: 61.0%
agreement with reference standard;
4.5% of normal ECGs incorrectly
read as abnormal

Heden et al. (18),
1996, Sweden and
United States

Interpretation of ECG criteria for
anterior MI from investigator-
selected ECGs from healthy
patients (n ! 351) and patients
having cardiac catheterization
(n ! 1313)

1664 Computer (artificial neural
network)

77.0% agreement with reference stan-
dard

Heden et al. (19),
1996, Sweden and
United States

Interpretation of lead reversal in
ECGs from ED patients

10 906 Computer (artificial neural
network)

57.6%–83.0% sensitivity;
99.8%–99.9% specificity

Widman and Tong
(20), 1996,
Sweden and
United States

Analysis of ECG dysrhythmias
from textbooks and patient
charts

56 Computer 82.1% agreement with reference stan-
dard

Woolley et al. (21),
1992, United
States

Comprehensive interpretation of
ECGs from patients at family
medicine clinic

301 Family medicine residents and
staff, computer, and
cardiology staff
(n ! unknown)

Family physicians: 67.0% agreement
with reference standard; 14.3% of
errors of potentially major clinical
significance

Computer: 88.0% agreement with ref-
erence standard

Cardiologists: 91.0% agreement with
reference standard

Shirataka et al. (22),
1992, Japan

Interpretation of computer-gen-
erated normal and abnormal
ECGs with arrhythmias

110 5 different computer systems Normal sinus rhythm with first-degree
AV block: 100% agreement with
reference standard

Continued on following page
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mal ECGs, the specificity of noncardiologists also ap-
proached that of cardiologists (15).

SEVERITY AND CONSEQUENCES OF ERRORS IN ECG
INTERPRETATION

Eleven studies examined whether ECG interpretation
errors could affect patient management, and seven mea-
sured patient outcomes (Table 1). Thirteen studies assess-
ing the severity of interpretation errors reported that 4% to
33% of interpretations contained errors of major impor-
tance (2–13, 21). Expert consensus panels studied the
charts of patients with ECG interpretation errors and de-
termined whether a correct ECG interpretation would
have changed patient management. This more detailed
analysis revealed inappropriate management as a result of
interpretation errors in 0% to 11% of cases (Table 1).

Six studies that documented patient follow-up showed
a less than 1% incidence of adverse outcomes and poten-
tially preventable death as a result of inaccurate ECG inter-

pretation (4, 6, 8, 9, 11, 12). Therefore, although noncardi-
ologist physicians have a high incidence of interpretation
errors when compared to an expert reference standard,
these errors seem to have minimal impact on morbidity
and mortality. One important limitation of current studies
on outcomes of ECG interpretation errors is that most
were performed in emergency and inpatient settings. Be-
cause the probability of life-threatening disease is reduced
in primary care settings, the impact of interpretation errors
on patient outcomes may be overestimated by extrapolat-
ing from the results of existing research.

COMPUTER ANALYSIS OF 12-LEAD RESTING ECGS

Computer software providing automated ECG inter-
pretation is a common feature of most modern acquisition
devices. Computer software can correctly identify 58% to
94% of various nonrhythm electrocardiographic abnormal-
ities when compared to expert electrocardiographers
(Table 2). Accuracy is considerably reduced when comput-

Table 2—Continued

Study (Reference),
Year, Country

Focus of Study ECGs
Studied, n

Type and Number of
Participants

Interpretation Results†

Shirataka et al. (22),
1992, Japan
(continued)

Second-degree AV block with classic
Wenckebach periodicity: 0%–100%
agreement with reference standard

Second-degree AV block with atypical
Wenckebach periodicity: 0%
agreement with reference standard

Mobitz type II AV block: 40%–100%
agreement with reference standard

Bigeminy due to ventricular premature
contractions: 40%–100% agreement
with reference standard

Willems et al. (23),
1991, European
multinational

Interpretation of normal and
abnormal ECGs with acute MI
and ventricular hypertrophy
from cardiology referral
population

1220 Cardiologists (n ! 8) and
computers (n ! 9)

Cardiologists: 76.3% agreement with
reference standard

Computers: 69.7% agreement with
reference standard

Willems et al. (24),
1990, European
multinational

Interpretation of acute MI and
ventricular hypertrophy from
ECGs from cardiology referral
population

500 Cardiologists (n ! 9) and
computers (n ! 15)

Cardiologists: 77.7% agreement with
reference standard

Computers: 76.6% agreement with
reference standard

Computer and cardiologist agreement:
! ! 0.61

Thomson et al. (25),
1989, Australia

Comprehensive interpretation of
ECGs from a teaching hospital

5110 Computer Hypertrophy: 94.0% sensitivity, 84.3%
specificity

Arrhythmias and AV block: 89.0%
sensitivity, 90.5% specificity

Infarction: 86.5% sensitivity, 93.9%
specificity

ST-T wave changes: 83.1% sensitivity,
84.1% specificity

Axis and conduction block: 84.7%
sensitivity, 92.7% specificity

* AV ! atrioventricular; ECG ! electrocardiogram; ED ! emergency department; MI ! myocardial infarction.
† The reference standard refers to interpretation of one or more expert electrocardiographers, typically cardiologists. Sensitivity and specificity refer to diagnosis of pertinent
ECG abnormality, as defined by reference standard. Agreement with reference standard refers to proportion of ECGs in full agreement with the reference standard.
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Table 3. Electrocardiogram Interpretation Studies without Outcomes Related to Interpretation Errors*

Study (Reference),
Year, Country

Focus of Study ECGs
Studied, n

Type and Number of Participants Interpretation Results†

Brady et al. (26), 2001,
United States

Interpretation of ECGs with
ST-segment elevation; ECG
criteria for thrombolytic
therapy in patients with
acute MI

11 Emergency medicine residents and staff
(n ! 458)

94.9% agreement with reference standard
for ST-segment elevation; 83.2%
agreement with thrombolytic therapy
recommendation

Pope et al. (27), 2000,
United States

ECG signs of myocardial
ischemia in patients with
cardiac symptoms discharged
from ED

38 Internal and emergency medicine
residents and ED staff physicians
(n ! unknown)

86.8% agreement with reference standard

Hatala et al. (28),
1999, United States

Comprehensive interpretation
of investigator-selected ECGs

8 Fourth-year medical students (n ! 30),
internal medicine residents (n ! 15),
and cardiologists (n ! 15)

Clinical vignette supporting correct ECG
diagnosis: Medical students: 48%
agreement with reference standard
Internal medicine residents: 68%
agreement with reference standard.
Cardiologists: 96% agreement with
reference standard

Clinical vignette supporting incorrect ECG
diagnosis: Medical students: 17%
agreement with reference standard
Internal medicine residents: 39%
agreement with reference standard
Cardiologists: 85% agreement with
reference standard

No clinical vignette: Medical students:
36% agreement with reference
standard. Internal medicine residents:
64% agreement with reference
standard. Cardiologists: 90% agreement
with reference standard

Holmvang et al. (29),
1998, United States

Comprehensive interpretation
of ECGs from patients
diagnosed with unstable
angina or non–Q-wave MI

516 Cardiologists (n ! unknown) Agreement with reference standard on:
interpretation of ST-segment elevation
(! ! 0.05); interpretation of
ST-segment depression (! ! 0.38);
interpretation of T-wave inversion
(! ! 0.63); interpretation of
bundle-branch block (! ! 0.84);
identification of abnormal ECG
(! ! 0.42)

Storey and Rowley
(30), 1997, England

ECG criteria for thrombolytic
therapy in patients with
acute MI

30 Nurses (n ! 15), house officers
(n ! 22), registrars (n ! 10),
consultant physicians (n ! 8), and
cardiologists (n ! 6)

Nurse interpretation: 83.8% appropriate
recommendation for thrombolytic
therapy

House officer interpretation: 72.6%
appropriate recommendation for
thrombolytic therapy

Registrar interpretation: 80.7%
appropriate recommendation for
thrombolytic therapy

Consultant staff interpretation: 77.1%
appropriate recommendation for
thrombolytic therapy

Cardiologist interpretation: 83.3%
appropriate recommendation for
thrombolytic therapy

Hatala et al. (31),
1996, United States

Interpretation of
investigator-selected ECGs

10 Internal medicine residents (n ! 10) Clinical vignette supporting correct ECG
diagnosis: 77% agreement with
reference standard

Clinical vignette supporting incorrect ECG
diagnosis: 29% agreement with
reference standard

Continued on following page
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Table 3—Continued

Study (Reference),
Year, Country

Focus of Study ECGs
Studied, n

Type and Number of Participants Interpretation Results†

Gillespie et al. (32),
1996, Scotland

Comprehensive interpretation
and criteria for thrombolytic
therapy from
investigator-selected ECGs

8 Junior house officers (n ! 26) and
senior house officers/registrars
(n ! 31)

Junior house officer interpretation: 56.3%
agreement with reference standard;
80.1% appropriate recommendation for
thrombolytic therapy

Senior house officer/registrar interpreta-
tion: 71.7% agreement with reference
standard; 82.8% appropriate recom-
mendation for thrombolytic therapy

Prasad et al. (33),
1996, Scotland

Comprehensive interpretation
of ECGs from cardiology
inpatients

160 Junior and senior house officers and
noncardiologist consultants
(n ! unknown)

96.3% agreement with reference standard

Herbert et al. (34),
1996, Australia and
United States

ECG diagnosis of
broad-complex tachycardia in
ED patients

27 ED resident and staff physicians (n ! 3) 78% agreement (! ! 0.58) on diagnosis
of ventricular tachycardia

Larsen et al. (35),
1994, United States

ECG diagnosis of left
ventricular hypertrophy in
patients admitted for
symptoms of coronary artery
disease

413 ED resident and staff physicians
(n ! unknown)

22% agreement with reference standard

Montgomery et al.
(36), 1994, England

Measurement of PR and QT
intervals from an
investigator-selected ECG

1 Senior house officers, registrars, and
consultants (n ! 158)

26% correct measurement of PR interval;
24% correct measurement of QT
interval

Foster et al. (37),
1994, United States

Recognition of criteria for
thrombolytic therapy from
patients with MI arriving at
an ED

155 Nurses and paramedics (n ! unknown) 94% sensitivity and 100% specificity for
identifying appropriate patients for
thrombolytic therapy

Grum et al. (38), 1993,
United States

Comprehensive interpretation
of investigator-selected ECGs

10 Third-year medical students (n ! 95) Medical students without suggestive
vignette: 56% agreement with
reference standard

Medical students with suggestive vignette:
63% agreement with reference
standard

Gjorup et al. (39),
1992, Denmark

ECG diagnosis of acute MI in
coronary care unit patients

215 First- and second-year internal
medicine residents (n ! 16)

30% agreement with each other on
presence or absence of acute MI before
and after teaching seminars

Ho et al. (40), 1990,
United States

ECG diagnosis of criteria for
thrombolytic therapy in
preadmission ECGs

236 ED physicians and cardiologists
(n ! unknown)

ED physicians: 78% sensitivity, 93%
specificity

Cardiologists: unknown sensitivity, 95%
specificity

Pinkerton et al. (41),
1981, United States

Comprehensive interpretation
of ECGs from outpatient
clinic patients

18 Internal medicine (n ! 24) and family
medicine (n ! 57) residents

Internal medicine residents: 80.2%
agreement with reference standard for
clinical abnormalities; 37.5% agreement
with reference standard for technical
abnormalities

Family medicine residents: 74.7%
agreement with reference standard for
clinical abnormalities; 36.8% agreement
with reference standard for technical
abnormalities

Weston et al. (42),
1976, Australia

ECG classification as normal vs.
suspicious for coronary artery
disease in patients
undergoing coronary
arteriography

105 Cardiologists (n ! 8) Intracardiologist agreement on multiple
ECG readings: ECG
alone—40%–87.6%; ECG and
history—38.1%–94.3%

Intercardiologist agreement on multiple
ECG readings: ECG
alone—37.1%–60.0%; ECG and
history—28.6%–77.1%

* ECG ! electrocardiogram; ED ! emergency department; MI ! myocardial infarction.
† The reference standard refers to interpretation of one or more expert electrocardiographers, typically cardiologists. Sensitivity and specificity refer to diagnosis of pertinent
ECG abnormality, as defined by reference standard. Agreement with reference standard refers to proportion of ECGs in full agreement with the reference standard.
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ers interpret arrhythmias, such as different types of second-
degree atrioventricular block (22). In addition, reliability
may be a problem; several studies show substantial differ-
ences in ECG interpretations obtained minutes apart in
clinically stable patients (47–49).

Despite the limitations, evidence suggests that com-
puter interpretation software is a useful adjunct to physi-
cian interpretation. In some reports, computers have de-
tected abnormalities missed by physicians. A study of
resident physicians showed that using computer interpre-
tation software reduced the incidence of serious ECG in-
terpretation errors from 22% to 18% (13). Another study
that paired a computer and a cardiologist showed a reduc-
tion in false-positive ECG readings from 7% to 4.5% and
8% greater agreement with an expert electrocardiographer
consensus panel (17). However, other research has indi-
cated that preliminary computer interpretations may both
benefit and mislead primary care physicians (50).

In addition to potentially reducing interpretation er-
rors, computers may have other advantages. Computer in-
terpretation can decrease the time necessary to interpret
ECGs by up to 28% (17, 50). Therefore, although com-
puter ECG analysis is still inferior to physician interpreta-
tion, it may be a useful adjunct to save physician time.
Further study is needed to determine whether computer
interpretations can consistently reduce medical errors.

ATTAINING AND TESTING COMPETENCY IN 12-LEAD

RESTING ECG INTERPRETATION

A 2001 statement by the ACC/AHA recommended
interpretation of 500 supervised ECGs, and an earlier 1995
edition of the same guideline recommended 800 interpre-
tations to attain initial competency in ECG interpretation
(1, 43). Both guidelines were created through expert con-
sensus, and neither provided evidence-based data to sup-
port their conclusions. The Accreditation Council for
Graduate Medical Education Residency Review Commit-
tee for Internal Medicine states that all residents should be
given an opportunity to develop competency in interpreta-
tion of ECGs but has not specified how to achieve this goal
(44). The American Board of Internal Medicine has not
listed a minimum number of supervised ECGs required to
sit for internal medicine board certification (45). Other
professional organizations and surveys of clinicians lack
consensus regarding the minimum number of supervised
ECG interpretations needed to achieve competence during
internal medicine residency training. One survey of pro-
gram directors stated that a median number of 100 ECGs
were necessary to obtain initial competency (51). The
number of supervised ECG interpretations recommended
to obtain competency during cardiology fellowship is also
derived by consensus from the Accreditation Council for
Graduate Medical Education Residency Review Commit-
tee for Cardiovascular Diseases, which recommends the
interpretation of 3500 ECGs (44). The number of ECGs

interpreted by a physician has not been linked to either
standardized test performance or patient outcomes.

The most recent ACC/AHA guidelines also recom-
mend that physicians pass an ECG certification examina-
tion as part of credentialing (1). Reports on such examina-
tions suggest that cardiologists may perform better than
other physicians (52). This may be especially true in situ-
ations where detailed clinical information is not available.
However, it is unclear how standardized test scores are
related to physician performance in ECG interpretation or
patient outcomes in a clinical setting.

MAINTAINING COMPETENCY IN 12-LEAD RESTING ECG
INTERPRETATION

Evidence-based literature that addresses whether com-
petency in ECG interpretation changes after initial resi-
dency or fellowship training is not available. For certain
medical skills, such as interventional cardiology proce-
dures, increased procedure volume is associated with im-
proved patient outcomes (53). However, this relationship
is less clear for cognitive skills. Observational data suggest
that higher procedure volume improves resident confi-
dence in numerous technical skills, such as thoracocentesis,
paracentesis, and central line placement (54). No studies
have examined whether physicians who are more confident
in their skills have better patient outcomes.

It is also unclear whether continuing medical educa-
tion, such as didactic courses, hands-on ECG interpreta-
tion seminars, or self-assessment programs, can improve
ECG interpretation skills after initial residency or fellow-
ship training. Several uncontrolled studies of residents and
students showed improvement in ECG interpretation skills
after structured ECG interpretation seminars (5, 55, 56).
Further research is needed to better understand whether
the yearly volume of ECGs interpreted and continuing
medical education on ECG interpretation improve analytic
accuracy and patient outcomes.

CONCLUSIONS

Electrocardiogram interpretation is a common cogni-
tive skill that is acquired by internal medicine physicians
during initial residency training; it is used by most primary
care and subspecialty physicians. Little evidence-based lit-
erature supports strict quantitative standards for attaining
and maintaining competency in interpreting ECGs. Expert
electrocardiographers and other physicians frequently dis-
agree, but adverse outcomes do not often result from these
disagreements. The use of a cardiologist “gold standard” to
determine ECG interpretation accuracy in future research
may be problematic because cardiologists often do not
agree on interpretations of the same ECG. Computers may
be useful adjuncts in detecting missed electrocardiographic
diagnoses and reducing time needed for ECG interpreta-
tion. Further high-quality research is needed to determine

Position Paper Published Evidence for Competency in 12-Lead Electrocardiogram Interpretation

758 6 May 2003 Annals of Internal Medicine Volume 138 • Number 9 www.annals.org

Downloaded From: http://annals.org/ by a Universita Di Roma Sapienza User  on 08/14/2018



optimal standards for attaining competency in ECG inter-
pretation. These standards must integrate physician skills
to appropriately order ECGs; to recognize common nor-
mal and abnormal tracings; and to understand criteria for
therapy decisions based on ECG interpretation, such as the
administration of thrombolytic agents. Research demon-
strating effective training methods that will decrease inter-
pretation variability for high-stakes diagnoses, such as acute
myocardial infarction, is needed to reduce medical errors
and improve patient outcomes.

From Tripler Army Medical Center, Honolulu, Hawaii, and the Amer-
ican College of Physicians, Philadelphia, Pennsylvania.

Drs. Alguire and Salerno dedicate this article to Herbert Waxman, MD,
a friend and colleague whose vision, leadership, and friendship will be
missed. Dr. Waxman, who served as Senior Vice President for Medical
Knowledge and Education at the American College of Physicians, died
on 15 February 2003.

Disclaimer: The opinions or assertions presented are the private views of
the authors and are not to be construed as official or as reflecting those of
the Department of the Army or Department of Defense.

Potential Financial Conflicts of Interest: None disclosed.

Requests for Single Reprints: Customer Service, American College of
Physicians, 190 N. Independence Mall West, Philadelphia, PA 19106;
e-mail, custserv@acponline.org.

Current author addresses are available at www.annals.org.

References
1. Kadish AH, Buxton AE, Kennedy HL, Knight BP, Mason JW, Schuger CD,
et al. ACC/AHA clinical competence statement on electrocardiography and am-
bulatory electrocardiography. A report of the ACC/AHA/ACP-ASIM Task Force
on Clinical Competence (ACC/AHA Committee to Develop a Clinical Compe-
tence Statement on Electrocardiography and Ambulatory Electrocardiography).
J Am Coll Cardiol. 2001;38:2091-100. [PMID: 11738321]
2. Brady WJ, Perron A, Ullman E. Errors in emergency physician interpretation
of ST-segment elevation in emergency department chest pain patients. Acad
Emerg Med. 2000;7:1256-60. [PMID: 11073474]
3. Srikanthan VS, Pell AC, Prasad N, Tait GW, Rae AP, Hogg KJ, et al. Use
of fax facility improves decision making regarding thrombolysis in acute myocar-
dial infarction. Heart. 1997;78:198-200. [PMID: 9326998]
4. Todd KH, Hoffman JR, Morgan MT. Effect of cardiologist ECG review on
emergency department practice. Ann Emerg Med. 1996;27:16-21. [PMID:
8572442]
5. White T, Woodmansey P, Ferguson DG, Channer KS. Improving the inter-
pretation of electrocardiographs in an accident and emergency department. Post-
grad Med J. 1995;71:132-5. [PMID: 7746770]
6. Snoey ER, Housset B, Guyon P, ElHaddad S, Valty J, Hericord P. Analysis
of emergency department interpretation of electrocardiograms. J Accid Emerg
Med. 1994;11:149-53. [PMID: 7804577]
7. McCarthy BD, Beshansky JR, D’Agostino RB, Selker HP. Missed diagnoses
of acute myocardial infarction in the emergency department: results from a mul-
ticenter study. Ann Emerg Med. 1993;22:579-82. [PMID: 8442548]
8. Westdorp EJ, Gratton MC, Watson WA. Emergency department interpreta-
tion of electrocardiograms. Ann Emerg Med. 1992;21:541-4. [PMID: 1570910]
9. Jayes RL Jr, Larsen GC, Beshansky JR, D’Agostino RB, Selker HP. Physician
electrocardiogram reading in the emergency department—accuracy and effect on
triage decisions: findings from a multicenter study. J Gen Intern Med. 1992;7:

387-92. [PMID: 1506943]
10. Kuhn M, Morgan MT, Hoffman JR. Quality assurance in the emergency
department: evaluation of the ECG review process. Ann Emerg Med. 1992;21:
10-5. [PMID: 1539876]
11. Morrison WG, Swann IJ. Electrocardiograph interpretation by junior doc-
tors. Arch Emerg Med. 1990;7:108-10. [PMID: 2390144]
12. Lee TH, Rouan GW, Weisberg MC, Brand DA, Acampora D, Stasiulewicz
C, et al. Clinical characteristics and natural history of patients with acute myo-
cardial infarction sent home from the emergency room. Am J Cardiol. 1987;60:
219-24. [PMID: 3618483]
13. Goodacre S, Webster A, Morris F. Do computer generated ECG reports
improve interpretation by accident and emergency senior house officers? Postgrad
Med J. 2001;77:455-7. [PMID: 11423597]
14. Massel D, Dawdy JA, Melendez LJ. Strict reliance on a computer algorithm
or measurable ST segment criteria may lead to errors in thrombolytic therapy
eligibility. Am Heart J. 2000;140:221-6. [PMID: 10925334]
15. Sekiguchi K, Kanda T, Osada M, Tsunoda Y, Kodajima N, Fukumura Y,
et al. Comparative accuracy of automated computer analysis versus physicans in
training in the interpretation of electrocardiograms. J Med. 1999;30:75-81.
[PMID: 10515243]
16. de Bruyne MC, Kors JA, Hoes AW, Kruijssen DA, Deckers JW, Grosfeld
M, et al. Diagnostic interpretation of electrocardiograms in population-based
research: computer program research physicians, or cardiologists? J Clin Epide-
miol. 1997;50:947-52. [PMID: 9291880]
17. Brailer DJ, Kroch E, Pauly MV. The impact of computer-assisted test inter-
pretation on physician decision making: the case of electrocardiograms. Med
Decis Making. 1997;17:80-6. [PMID: 8994154]
18. Heden B, Ohlsson M, Rittner R, Pahlm O, Haisty WK Jr, Peterson C, et
al. Agreement between artificial neural networks and experienced electrocardio-
grapher on electrocardiographic diagnosis of healed myocardial infarction. J Am
Coll Cardiol. 1996;28:1012-6. [PMID: 8837583]
19. Heden B, Ohlsson M, Holst H, Mjoman M, Rittner R, Pahlm O, et al.
Detection of frequently overlooked electrocardiographic lead reversals using arti-
ficial neural networks. Am J Cardiol. 1996;78:600-4. [PMID: 8806356]
20. Widman LE, Tong DA. Validation of the EINTHOVEN model-based
computerized electrocardiogram rhythm analysis system with three classes of clin-
ical arrhythmias. Am J Cardiol. 1996;78:927-31. [PMID: 8888667]
21. Woolley D, Henck M, Luck J. Comparison of electrocardiogram interpre-
tations by family physicians, a computer, and a cardiology service. J Fam Pract.
1992;34:428-32. [PMID: 1556536]
22. Shirataka M, Miyahara H, Ikeda N, Domae A, Sato T. Evaluation of five
computer programs in the diagnosis of second-degree AV block. J Electrocardiol.
1992;25:185-95. [PMID: 1645058]
23. Willems JL, Abreu-Lima C, Arnaud P, van Bemmel JH, Brohet C, Degani
R, et al. The diagnostic performance of computer programs for the interpretation
of electrocardiograms. N Engl J Med. 1991;325:1767-73. [PMID: 1834940]
24. Willems JL, Abreu-Lima C, Arnaud P, Brohet CR, Denis B, Gehring J, et
al. Evaluation of ECG interpretation results obtained by computer and cardiol-
ogists. Methods Inf Med. 1990;29:308-16. [PMID: 2233377]
25. Thomson A, Mitchell S, Harris PJ. Computerized electrocardiographic in-
terpretation: an analysis of clinical utility in 5110 electrocardiograms. Med J Aust.
1989;151:428-30. [PMID: 2593957]
26. Brady WJ, Perron AD, Chan T. Electrocardiographic ST-segment elevation:
correct identification of acute myocardial infarction (AMI) and non-AMI syn-
dromes by emergency physicians. Acad Emerg Med. 2001;8:349-60. [PMID:
11282670]
27. Pope JH, Aufderheide TP, Ruthazer R, Woolard RH, Feldman JA, Bes-
hansky JR, et al. Missed diagnoses of acute cardiac ischemia in the emergency
department. N Engl J Med. 2000;342:1163-70. [PMID: 10770981]
28. Hatala R, Norman GR, Brooks LR. Impact of a clinical scenario on accuracy
of electrocardiogram interpretation. J Gen Intern Med. 1999;14:126-9. [PMID:
10051784]
29. Holmvang L, Hasbak P, Clemmensen P, Wagner G, Grande P. Differences
between local investigator and core laboratory interpretation of the admission
electrocardiogram in patients with unstable angina pectoris or non-Q-wave myo-
cardial infarction (a Thrombin Inhibition in Myocardial Ischemia [TRIM] sub-
study). Am J Cardiol. 1998;82:54-60. [PMID: 9671009]

Position PaperPublished Evidence for Competency in 12-Lead Electrocardiogram Interpretation

www.annals.org 6 May 2003 Annals of Internal Medicine Volume 138 • Number 9 759

Downloaded From: http://annals.org/ by a Universita Di Roma Sapienza User  on 08/14/2018



30. Storey RF, Rowley JM. Electrocardiogram interpretation as a basis for
thrombolysis. J R Coll Physicians Lond. 1997;31:536-40. [PMID: 9429192]
31. Hatala RA, Norman GR, Brooks LR. The effect of clinical history on
physicians’ ECG interpretation skills. Acad Med. 1996;71:S68-70. [PMID:
8940938]
32. Gillespie ND, Brett CT, Morrison WG, Pringle SD. Interpretation of the
emergency electrocardiogram by junior hospital doctors. J Accid Emerg Med.
1996;13:395-7. [PMID: 8947796]
33. Prasad N, Pell AC, Lindsay M, Dunn FG, Srikanthan VS, Hogg KJ.
General physicians are as good as cardiologists at interpreting ECGs [Letter].
BMJ. 1996;312:639. [PMID: 8595359]
34. Herbert ME, Votey SR, Morgan MT, Cameron P, Dziukas L. Failure to
agree on the electrocardiographic diagnosis of ventricular tachycardia. Ann Emerg
Med. 1996;27:35-8. [PMID: 8572445]
35. Larsen GC, Griffith JL, Beshansky JR, D’Agostino RB, Selker HP. Elec-
trocardiographic left ventricular hypertrophy in patients with suspected acute
cardiac ischemia—its influence on diagnosis, triage, and short-term prognosis: a
multicenter study. J Gen Intern Med. 1994;9:666-73. [PMID: 7876948]
36. Montgomery H, Hunter S, Morris S, Naunton-Morgan R, Marshall RM.
Interpretation of electrocardiograms by doctors. BMJ. 1994;309:1551-2. [PMID:
7819897]
37. Foster DB, Dufendach JH, Barkdoll CM, Mitchell BK. Prehospital recog-
nition of AMI using independent nurse/paramedic 12-lead ECG evaluation: im-
pact on in-hospital times to thrombolysis in a rural community hospital. Am J
Emerg Med. 1994;12:25-31. [PMID: 8285967]
38. Grum CM, Gruppen LD, Woolliscroft JO. The influence of vignettes on
EKG interretation by third-year students. Acad Med. 1993;68:S61-3. [PMID:
8216635]
39. Gjorup T, Kelbaek H, Nielsen D, Kreiner S, Godtfredsen J. Interpretation
of the electrocardiogram in suspected myocardial infarction: a randomized con-
trolled study of the effect of a training programme to reduce interobserver varia-
tion. J Intern Med. 1992;231:407-12. [PMID: 1588267]
40. Ho MT, Kudenchuk PJ, Eisenberg MS, Weaver WD, Martin JS, Litwin
PE. Patient selection for thrombolytic therapy: emergency physician versus elec-
trocardiographer. J Am Coll Cardiol. 15; 192A
41. Pinkerton RE, Francis CK, Ljungquist KA, Howe GW. Electrocardio-
graphic training in primary care residency programs. JAMA. 1981;246:148-50.
[PMID: 7241746]
42. Weston MJ, Bett JH, Over R. Consensus opinion and observer accuracy in
electrocardiography with reference to coronary arteriographic information. Aust
N Z J Med. 1976;6:429-32. [PMID: 1071872]
43. Fisch C. Clinical competence in electrocardiography. A statement for physi-

cians from the ACP/ACC/AHA Task Force on Clinical Privileges in Cardiology.
Circulation. 1995;91:2683-6. [PMID: 7743634]
44. American Medical Association. Program requirements for residency educa-
tion in internal medicine. In: Graduate Medical Education Directory, 2002-
2003. Chicago: American Medical Association; 2002:86-101.
45. American Board of Internal Medicine. Policies and Procedures for Certifi-
cation. Philadelphia: American Board of Internal Medicine; 2001.
46. Dunn PM, Levinson W. The lack of effect of clinical information on elec-
trocardiographic diagnosis of acute myocardial infarction. Arch Intern Med.
1990;150:1917-9. [PMID: 2393322]
47. Spodick DH, Bishop RL. Computer treason: intraobserver variability of an
electrocardiographic computer system. Am J Cardiol. 1997;80:102-3. [PMID:
9205034]
48. Farb A, Devereux RB, Kligfield P. Day-to-day variability of voltage mea-
surements used in electrocardiographic criteria for left ventricular hypertrophy.
J Am Coll Cardiol. 1990;15:618-23. [PMID: 2137478]
49. de Bruyne MC, Kors JA, Visentin S, van Herpen G, Hoes AW, Grobbee
DE, et al. Reproducibility of computerized ECG measurements and coding in a
nonhospitalized elderly population. J Electrocardiol. 1998;31:189-95. [PMID:
9682894]
50. Hillson SD, Connelly DP, Liu Y. The effects of computer-assisted electro-
cardiographic interpretation on physicians’ diagnostic decisions. Med Decis Mak-
ing. 1995;15:107-12. [PMID: 7783570]
51. Wigton RS, Blank LL, Nicolas JA, Tape TG. Procedural skills training in
internal medicine residencies. A survey of program directors. Ann Intern Med.
1989;111:932-8. [PMID: 2817641]
52. Mason JW, Hancock EW, Saunders DE Jr, Schuger CD, Griffin JC,
Kennedy HL, et al. American College of Cardiology report on ECGEXAM.
J Am Coll Cardiol. 1997;29:466-8. [PMID: 9015007]
53. Kastrati A, Neumann FJ, Schomig A. Operator volume and outcome of
patients undergoing coronary stent placement. J Am Coll Cardiol. 1998;32:
970-6. [PMID: 9768719]
54. Hicks CM, Gonzalez R, Morton MT, Gibbons RV, Wigton RS, Anderson
RJ. Procedural experience and comfort level in internal medicine trainees. J Gen
Intern Med. 2000;15:716-22. [PMID: 11089715]
55. Fincher RE, Abdulla AM, Sridharan MR, Houghton JL, Henke JS. Com-
puter-assisted learning compared with weekly seminars for teaching fundamental
electrocardiography to junior medical students. South Med J. 1988;81:1291-4.
[PMID: 3051432]
56. Kingston ME. Electrocardiograph course. J Med Educ. 1979;54:107-10.
[PMID: 762687]

Position Paper Published Evidence for Competency in 12-Lead Electrocardiogram Interpretation

760 6 May 2003 Annals of Internal Medicine Volume 138 • Number 9 www.annals.org

Downloaded From: http://annals.org/ by a Universita Di Roma Sapienza User  on 08/14/2018



Current Author Addresses: Dr. Salerno: Department of Medicine
(MCHK-DM), Tripler Army Medical Center, 1 Jarrett White Road,
Honolulu, HI 96859.
Dr. Alguire: Medical Knowledge and Education Division, American
College of Physicians, 190 N. Independence Mall West, Philadelphia,
PA 19106.

www.annals.org Annals of Internal Medicine Volume • Number E-761

Downloaded From: http://annals.org/ by a Universita Di Roma Sapienza User  on 08/14/2018


