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Background: Rapid identification of a proximal occlusion site of a major coronary artery is of
paramount importance in the care of myocardial infarction (MI). It is increasingly recognized that
routine electrocardiogram (ECG) can be used for that purpose, provided that expert interpretation
is available. Computer-based signal analysis has potential to enhance early ECG interpretation but
its performance must be validated against manual algorithms. We therefore set out to develop a
computer-assisted model to detect proximal occlusion of the left anterior descending coronary artery
(LAD) in patients with suspected acute coronary syndrome (ACS).

Methods: Based on manual anatomical interpretation of the ECG, obtained from 216 consecutive
patients who were admitted due to suspected ACS, an automatic computerized ECG model to detect
LAD occlusion was constructed. Agreement between manual evaluation of the ECG by two cardiol-
ogists and a computerized ECG algorithm to detect occlusion of the LAD and the site of occlusion
was determined.

Results: Using an expert electrocardiographer’s anatomical interpretation as the gold standard,
the computer model recognized patients fulfilling ECG criteria for any occlusion of the LAD with
a specificity of 99% and a sensitivity of 67% (κ = 0.71). However, proximal LAD occlusion was
detected with 100% specificity and 86% sensitivity (κ = 0.72). The computer program detected a
distal occlusion in the LAD with a specificity of 99% and a sensitivity of 40% (κ = 0.72).

Conclusions: Computerized anatomical interpretation of the ECG is feasible and allows detection
of a proximal LAD occlusion with excellent accuracy. A.N.E. 2007;12(4):301–305

electrocardiogram; computerized interpretation; acute coronary syndrome; myocardial infarction

The electrocardiogram (ECG) is still the most read-
ily available and fastest method for the diagnosis
of acute myocardial infarction (MI). In acute an-
terior ST-elevation MI, the left anterior descend-
ing (LAD) coronary artery is almost exclusively
the infarct related artery (IRA). Proximal LAD oc-
clusion (prior to the first diagonal branch) has
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a remarkably poor prognosis due to extensive
area at risk.1 As patients with proximal occlusions
may benefit most from early reperfusion therapy
several manual ECG algorithms have been pro-
posed to differentiate proximal versus distal LAD
artery occlusion in acute anterior MI.2 Because
ECG interpretation is often made by paramedics in
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out-of-hospital settings, computer-based anatomi-
cal interpretation programs could help to identify
such patients without delay. Moreover, clinical tri-
als of thrombolytic therapy have shown that reduc-
tion in mortality is greatest when the reperfusion
of the IRA is achieved very early after the onset of
ischemia.3

We are not aware of any previous publications
concerning computer-based anatomical ECG inter-
pretation in MI. This approach should add to the
early characterization and treatment of an ante-
rior MI. We therefore set out to develop and val-
idate a computer model for anatomical interpreta-
tion of anterior MI using manual ECG analysis as
the golden standard in patients with anterior ST-
elevation MI.

METHODS

Subjects

The original study population consisted of 531
consecutive patients hospitalized for suspected
acute coronary syndrome in the Turku University
Hospital between May 2000 and July 2001 and who
participated in a myocardial injury marker study.4

The study protocol had been approved by the
Ethics Committee of Turku University Hospital and
written informed consent was obtained from all
patients.

For the purposes of this study, patients with a
digitally recorded ECG at admission (n = 369) were
selected. Exclusion criteria were left bundle branch
block (n = 25), left ventricular hypertrophy (n =
26), pathological Q wave (n = 47), wide QRS du-
ration (n = 42), pacemaker ECG (n = 9), and poor
technical ECG quality (n = 4). All exclusions were
made by manual interpretation. A total of 216/369
(59 %) patients were included in the final study
group. The ECG’s were recorded by a Marquette
12SL machine (Marquette Electronics Inc., Milwau-
kee, WI) routinely used in the hospital.

ECG Analysis

Paper copies of the 216 ECG’s recorded at admis-
sion were independently interpreted off-line and
in a random order by two cardiologists without
knowledge of the patients’ clinical details or the
results of the computerized interpretation. Single
values of the J-point and the ST-segment changes
were measured separately from all 12 leads with
the aid of a hand held magnifying lens. ST-segment

deviation from the isoelectric line, determined by
drawing a line between subsequent PQ segments,
was measured at 80 ms after the J point. All man-
ual measurements were rounded off to the nearest
0.05 mV.

Pathological Q waves were defined as follows:
(1) in leads V1–3 any Q wave ≥30 ms in dura-
tion, (2) in leads I, II, aVL, aVF, V4–6 a Q wave
≥0.1 mV in height and ≥30 msec in duration in
≥2 adjacent leads and 3) in leads V1–2 R-wave du-
ration >40 ms and R/S ratio >1 in the absence
of pre-excitation, right ventricular hypertrophy or
right bundle branch block. ST-elevation MI was
diagnosed in the presence of clinically appropri-
ate symptoms in patients with ST-segment eleva-
tion ≥0.2 mV in V1 through V3 and ≥0.1 mV
in other leads and an increased value of cardiac
troponin I.5

Manual anatomical interpretation of the ECG
was made in the cases with anterior ST-elevation
MI’s. The anatomical classification of the LAD
artery occlusion was made by the following criteri-
ons: (1) the LAD artery was interpreted as the IRA
if maximal ST-segment elevation (≥0.2 mV) was
present in leads V2–V3;6 (2) the site of occlusion
in respect to the side branches was determined ac-
cording to previously published revised criteria.7–8

Birnbaum et al. found that ST depression in the
inferior leads predicts a culprit lesion proximal to
the origin of the first diagonal branch.7 According
to Arbane et al., mean ST segments were elevated
in aVL when the culprit lesion was the proximal
LAD.8 In this study, a proximal lesion in the LAD
artery was defined as ST-segment elevation ≥0.05
mV in lead aVL and ST-depression ≥0.05 mV in LIII
(Fig. 1). All other ECG morphologies were classified
as distal occlusion.

As part of the coding package, the Marquette
12SL offers a data matrix including, for example
Q-wave amplitude and duration, displacement of
the ST-segment ( J-point, mid and end of ST) and of
the T-wave for all leads.9 The ST-segment displace-
ments were collected from the data matrix and used
for off-line analysis in a personal computer (PC)
as previously described.10 An automatic PC inter-
pretation program for the detection and anatomical
classification of LAD occlusion was constructed us-
ing the above mentioned criteria and applied to the
data of the 261 patients with suspected ACS. In ad-
dition to uncorrected cutoff points (as expressed in
the data matrix), we used corrected cutoffs for the
computer program to detect equivalents of manual



A.N.E. � October 2007 � Vol. 12, No. 4 � Eskola, et al. � Computerized ECG Analysis � 303

Figure 1. Maximal ST-segment elevation in leads V2-
V3 indicates that the left anterior descending coronary
artery is the infarct related artery. The presence of ST-
segment elevation ≥0.05 mV in lead aVL and ST-segment
depression in lead LIII as a reciprocal change is a sign of
an occlusion proximal to the first diagonal side branch.

ST-elevations of ≥ 0.2 mV and ≥0.1 mV and ST-
depressions of ≥0.05 mV as reported previously.11

For the purposes of this study, we also deter-
mined that the optimal computerized cutoff value
to detect the equivalent of manual ST-segment el-
evation ≥0.05 mV. In brief, we began the anal-
ysis by constructing scatter plots of all measured
ST-segment deviations. We then performed cross-
tabulations in an attempt to increase the sensitiv-
ity for detection of actual ST-elevation without de-
creasing specificity from 98%.11 The optimal com-
puterized cutoff was found to be 0.035 mV with a
sensitivity of 79 % and a specificity of 98%.

Table 1. Sensitivity, Specificity and κ values of Uncorrected and Corrected Computer Program to Detect Site of
Occlusion of the Left Anterior Descending (LAD) Coronary Artery in Patients with Acute Coronary Syndrome When

Using Manual Interpretation as a Gold Standard, n = 216

Uncorrected Computer Program Corrected Computer Program

Site of Occlusion Sensitivity Specificity Value of κ Sensitivity Specificity Value of κ

LAD 58 99 0.65 67 99 0.71
LAD proximal 86 100 0.65 86 100 0.72
LAD distal 20 99 0.65 40 99 0.72

Statistical Analysis

Agreement between categorical assessments was
described by Kappa (κ) statistics. Kappa describes
the strength of agreement as a proportion of the
possible scope for doing better than chance. Kappa
has a maximum of 1.00 for perfect agreement, 0 in-
dicates no agreement better than could be expected
by chance.12

We tested the uncorrected and corrected cut-off
points for the computer program to detect the oc-
clusion in the LAD artery using interpretations and
measurements made by cardiologists as a gold stan-
dard. Sensitivity and specificity values were calcu-
lated.

All calculations were performed with the SPSS
12.0 statistical package. (SPSS, Chicago, IL)

RESULTS

The manual anatomical interpretation of the ECG
indicated that the LAD was the IRA in 12 of the 216
patients (6%) with suspected acute coronary syn-
drome (ACS). The site of the occlusion was proxi-
mal in7 (58%)of these patients (SPSS,Chicago, IL).

The sensitivities, specificities and the κ values of
the computer program to detect various LAD occlu-
sions are shown in Table 1. Both the uncorrected
and corrected computer programs were able to de-
termine the occlusion in the LAD with a high speci-
ficity (99%) when using manual interpretation as a
gold standard. However, the use of ST-segment cor-
rections improved the sensitivity to detect the oc-
clusion in the LAD (a sensitivity of 58% with uncor-
rected and 67% with corrected computer program).
The agreement between the manual analysis and
the uncorrected or corrected computer program in
the determination of the LAD as an IRA was good
(κ = 0.65 and κ = 0.71, respectively).
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The use of ST-segment corrections also improved
the ability to determine the level of the LAD occlu-
sion. The sensitivity and specificity of the uncor-
rected and corrected computer program to detect
proximal occlusion in the LAD were similar (86%
vs 100%, respectively). However, the correlation
between the manual and the uncorrected versus
corrected computer program to define the site of
a proximal occlusion in the LAD artery was bet-
ter with the corrected than uncorrected ST-segment
cutoff points (κ = 0.72 vs κ = 0.65, respectively).
The corrected computer program was more sensi-
tive to detect distal occlusions in the LAD artery
than the uncorrected program (sensitivity 40% vs
20%, respectively), while there was no difference
in specificity (99% in both analysis).

An expert electrocardiographer and the corrected
computer program interpreted the ECG finding of
distal occlusion in the LAD with good agreement
(κ = 0.72).

DISCUSSION

This study represents the first attempt to com-
pare computer based with manual ECG interpreta-
tion to perform an anatomical ECG interpretation.
We hypothesized that it would be possible to con-
struct a computer program for recognizing patients
with occlusion of the LAD artery with a good cor-
relation with manual interpretation of ECG. The
study population consisted of the whole spectrum
of ACS patients. We used cutoff points for signif-
icant ST-segment deviations (≥0.2, ≥0.1, ≥ +0.05
and ≥ −0.05 mV). Those ST-deviations are the most
critical in the algorithm for anatomical interpre-
tation. We compared computerized interpretations
between uncorrected (expressed in the data matrix)
and corrected measurements (cutoff points). The
specificity of uncorrected and corrected computer
programs to detect the LAD as an IRA and the site
of LAD occlusion based on ECG criteria was good
compared to manual measurements. The use of ST-
segment correction improved the sensitivity to pre-
dict the LAD as the IRA and to localize the culprit le-
sion to the distal part of the LAD artery. Hence, the
use of corrected ST-segment cutoff values improved
the results of automated ECG interpretation. Taken
together, the computer program was able to de-
tect an LAD-related ST-elevation MI with a sensi-
tivity of 67% and a specificity of 99% when using
interpretation of two cardiologists as a gold stan-
dard. Computer-assisted interpretation to predict a

proximal LAD artery occlusion resulted in high
sensitivity and specificity (86% vs 100%, respec-
tively). In reality, the capability of the computer
assisted anatomic ECG interpretation to find prox-
imal LAD lesions is poorer. In our study, the ECG
criteria for proximal LAD lesion were not tested
against coronary angiography. In such studies,
≥0.05 mV ST-elevation in lead aVL had 73% sensi-
tivity and 78% specificity to predict a proximal LAD
lesion.13

It is clinically important to recognize patients
with an acute occlusion of the proximal LAD,
which can result in an extensive anterior wall MI.
Such assessment should be simple, quick, and non-
invasive.14 We think that computer-based anatom-
ical interpretation of the ECG has potentials to
become an efficient tool for clinical decision mak-
ing. The computers alone cannot give the final
diagnosis, but computer-assisted interpretation is
very helpful especially for paramedics and inex-
perienced emergency physicians by whom digi-
tally recorded ECG is actually increasingly utilized.
Maximal advantage of this development is possible
by using clinically relevant automated ECG anal-
ysis programs. However, computer models should
be validated using manual ECG interpretation as a
gold standard.

The best diagnostic approach is one that com-
bines the interpretation by a person and a ma-
chine.15 There are some prerequisites for anatomic
ECG interpretation. Absence of major confounding
factors like left ventricular hypertrophy, left bun-
dle branch block, and pacemaker ECG is of crucial
importance. We excluded 153 patients after manual
interpretation. This emphasizes the role of the man-
ual interpretation, because computerized anatomic
analysis is not possible in all cases.

There are several limitations to this study. The
number of patients fulfilling criteria for LAD-
related coronary occlusion was small. Hence, this
represents a preliminary feasibility study. We used
ECG as the golden standard to predict the culprit
artery. Including coronary angiography findings in
the statistical analyses could have given additional
information. Also, cases with ECG confounders,
like left bundle branch block, were excluded by
manual interpretation. The power of the computer
program to identify these ECGs was not tested.

We conclude that a computer program can rec-
ognize an occlusion of the proximal LAD artery
with a good sensitivity and specificity in patients
with ACS. We believe that our findings open new
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opportunities for computerized analysis of the
ECG. However, larger studies should be un-
dertaken especially without manual ECG pre-
screening to establish the value of this automated
ECG program to identify proximal LAD lesions.
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