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BACKGROUND:  The lead aVR is the mostly ignored lead while interpreting a 12-lead ECG but it was found out to
be very valuable in the field of clinical electrocardiography. It can be very helpful in ischemic heart disease in diagnosing
the site of coronary artery occlusion and size of the area at risk. The purpose of this study is to determine if ST
segment elevation in lead aVR can predict critical left main coronary artery (LMCA) stenosis in acute coronary syndrome.
And to determine if the ST segment depression in precordial lateral leads (V5 to V6) is an added criterion for LMCA
lesion during acute chest pain.

MATERIALS AND METHODS:  This is a retrospective, cross sectional study. The correlation between ST segment
elevation in lead aVR, ST segment depression in V4 to V6 and infarct related artery (IRA) was examined in 554 patients
with acute coronary syndrome. The IRA was defined as the most severe and /or that the lesion with thrombus by
coronary angiography.

RESULTS:   A total of 554 patients were included in this study. Among this patients, IRA was left main coronary
artery (LMCA) in 82 patients, left anterior descending artery (LAD) in 256 patients, left circumflex artery (LCx) in 30
patients, right coronary artery  (RCA) in 111 patients and those with three-vessel disease (3VD) in 75 patients. The ST
segment elevation in lead aVR was present in 134 patients (24%) among 554 patients. The ST segment elevation in lead
aVR was present in 90.2% (74/82) of LMCA, 34.7% (26/75) of 3VD, 10.5% (27/256) of LAD, 6.32% (7/111) of RCA and none
from the LCx (p<0.000). The ST segment elevation in lead aVR was specific for LMCA lesion (sensitivity; 90.2%, specificity;
87.3%, positive predictive value; 55.2%, negative predictive value; 98.1%). The ST segment depression in leads V4 to V6
was also present in 150 patients (27%) among 554 patients. The ST segment depression in leads V4 to V6 was present
in 94% (77/82) of LMCA, 73% (55/75) of 3VD, 3.7% (11/30) of LCx, 1.9% (5/256) of LAD and 1.8% (2/111) of RCA (p<0.000).
The ST segment depression in leads V4 to V6 was specific for LMCA lesion (sensitivity; 93.9%, specificity; 98.1%,
positive predictive value; 93.9%, negative predictive value; 98.1%).

CONCLUSION:  In acute coronary syndrome, ST segment elevation in lead aVR and ST segment depression in V4
to V6 are present in majority of patients with LMCA lesion and in minority of patients with proximal left descending
artery lesion and with three-vessel disease.

 RECOMMENDATION: Early aggressive treatment should be done in these particular subsets of patient. Hence
coronary angiography with revascularization are needed to save these high-risk patients.
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atients with critical left main coronary artery
(LMCA) occlusion are at high risk in develop
ing sudden cardiac death.  It is important to detect this

subset of patient especially in the emergency room and in
clinic.  Left main coronary artery occlusion is a fatal disease
if  not properly identified.  Early detection, intervention and
appropriate treatment are necessary to save this particular sub-
set of patient. High-risk patient with critical stenosis of the
left mainstem during acute chest pain had specific electrocar-
diographic changes.  In patients with acute chest pain ST seg-
ment in lead aVR can be very helpful in ischemic heart dis-
ease in diagnosing the site of coronary artery occlusion and
size of the area at risk.  It was found out to be highly predictive

P for critical left main coronary artery lesion.  Atie et al1 noticed
that during chest pain all patients had an abnormal ECG, the
most frequent pattern being ST segment elevation in leads aVR
and V1 and ST segment depression in leads V3, V4 and V5
(with maximal depression in V4).

Yamaji et al 2 noted that ST segment elevation in lead
aVR with less ST segment elevation in lead V1 is an important
predictor of acute left main coronary artery obstruction. They
have shown in their study that lead aVR could be very useful
in identifying left main coronary artery (LMCA) obstruction.
Ischemia of the basal part of the interventricular septum is the
electrocardiographic explanation for the occurrence of ST
segment elevation in his lead. In this situation, owing to the
dominance of the basal ventricular mass, the ST segment vector
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in the frontal plane points in a superior direction, leading to
ST segment elevation  in   leads aVR and aVL and ST
depression  in the inferior  leads.

Gorgels et al3 concluded that ST segment elevation in lead
aVR is highly predictive for left main coronary artery
occlusion.

Hori et al4 also noted that in patient with left main coronary
artery obstruction ST segment elevation in lead aVR was very
characteristic.

Gorgels et al5 found out that the most common ECG
changes in left main coronary artery disease were ST segment
elevation in lead aVR and ST segment depression in leads I,
II, V4 to V6.

Nakamori et al6 concluded in his study that ST segment
deviation in lead aVR was the most accurate
electrocardiographic predictor of exercise-induced anterior
wall ischemia.

Kono et al8  studied the correlation between ST segment
elevation in lead aVR and infarct related artery (IRA) in 841
patients with acute myocardial infarction. And they found out
that ST segment elevation in lead aVR was present in 76.7%
of left main tract lesion.  They concluded that ST segment
elevation in lead aVR was specific for left main tract lesion
with sensitivity of 76.7% and specificity of 94.7%.

Chi-Keong Ching et al,9 mentioned that early aggressive
treatment is most desirable in high-risk patients with severe
left mainstem and triple-vessel disease presenting with unstable
angina.

Research Objective
General Objective

To assess the value of 12 lead ECG in identifying
significant left main coronary artery (LMCA) lesion in patient
with acute coronary syndrome.
Specific Objectives

1. To determine if ST segment elevation in lead aVR is
specific for left main coronary artery lesion in acute
coronary syndrome.

2. To determine if ST segment elevation in lead aVR is
also present in patient with significant RCA, LAD,
LCx lesion and three-vessel disease in acute coronary
syndrome.

3. To determine if ST segment depression in the
precordial lateral leads (V4 to V6) are added criteria
for LMCA lesion in acute coronary syndrome.

Research Hypothesis
ST segment elevation in the lead aVR and ST segment

depression in the lateral precordial leads (V4 to V6) predict
critical left main coronary artery lesion in acute coronary
syndrome.
A. Study Design

A cross sectional study will be use to determine the
objective.

B. Study Sample, Setting and Time Period
All patient admitted at Philippine Heart Center from

January 1, 1998 to December 31, 2003 who were diagnosed
to have acute coronary syndrome (ACS) and underwent
coronary angiography were included in the study. Admitting
resting 12 lead ECG were analyzed with regards to the presence
of ST segment elevation in lead aVR, ST segment depression
in leads V4 to V6 and compared with each group. They were
divided into 5 groups.  Patients with LMCA involvement were
assigned in group 1 proximal left anterior descending artery
stenosis (LAD) in group 2, left circumflex artery stenosis (LCx)
in group 3, right coronary artery stenosis (RCA) in group 4,
and those with three-vessel disease (3VD) without LMCA
involvement in group 5.  A total of > 553 patient is needed to
achieve the assumed prevalence of ST segment elevation in
lead aVR at 5% total width of confidence interval and α=
0.050.

Initially, using 10 randomly selected ECG samples from
the five groups will check inter-observer and intra-observer
difference. Two observers who were not aware of any
angiographic findings then measured measurements.

Definition of Terms

Left main coronary artery obstruction
 -  >50 % stenosis

Right coronary artery obstruction
-  >70 % stenosis

Left anterior descending artery obstruction
-  >70 % stenosis  obstruction of RCA,

LAD, LCX
Left circumflex artery obstruction

-  >70 % stenosis
Three-vessel disease
              -              >70 %
ST segment elevation
              - presence of ST segment elevation of

>0.05mV  measured at 60 ms after
J point of  the QRS complex.

 ST segment depression
- Horizontal or down sloping ST

depression >0.5mV below the
isoelectric baseline at 80ms from the J
point was considered significant

Patients with the following criteria are excluded in the
study

1. Patients with recurrent MI.
2. Patients with concomitant pericarditis
3. Patients who previously underwent coronary artery

bypass graph.
4. Patients with bundle branch block.
5. Patient with unavailable 12 lead ECG and coronary

angiogram result.



Results

When evaluating the sample ECGs, the inter-observer and
intra-observer differences in lead aVR averaged 0.08+0.07
mV and 0.08+0.07mV respectively. Similarly, the inter-
observer and intra-observer differences in the lateral precordial
leads (V4 to V6) averaged 0.17+07mV and 0.18+0.07mV
respectively. Therefore, intra-observer and inter-observer
variations were acceptably small and did not affect the validity
of the results.

A total of 554 patients were included in the study. Among
this 554 patients IRA was left main coronary artery (LMCA)
in 82 patients, left anterior descending artery (LAD) in 256
patients, left circumflex artery (LCx) in 30 patients, right
coronary artery  (RCA) in 111 patients and three vessel disease
(3VD) in 75 patients. Other baseline variables are listed in
Table 1.

The ST segment elevation in lead aVR was present in
90.2% (74/82) of  LMCA, 34.7% (26/75) of 3VD, 10.5% (27/
256) of  LAD, 6.32% (7/111) of  RCA and 0/30 from the LCx
(p<0.000) see table 2.  The ST segment elevation in lead aVR
was specific for LMCA lesion (sensitivity; 90.2%, specificity;
87.3%, positive predictive value; 55.2%, negative predictive
value; 98.1%) see table 3.  The ST segment depression in
leadsV4 to V6 was present in 150 patients (27%) among 554
patients.  The ST segment depression in leads V4 to V6 were
also present in 94% (77/82) of LMCA, 73% (55/75) of 3VD,
3.7%(11/30) of LCx, 1.9% (5/256) of  LAD and 1.8% (2/111)

C. Statistical Analysis
Data were described as means, standard deviations,

frequency and percent distributions. Association of different
factors with infarct related artery (IRA) were carried out using
analysis of variance for continuous variables and chi-square
for dichotomous variables. A p < 0.050 was considered
significant.  To determine the validity of ST elevation in lead
aVR and ST depression in lead V4 to V6 in detecting the
specific vessel involved, validity measures such as sensitivity,
specificity, positive predictive value and negative predictive
value were applied to the data.

Table 1. Baseline characteristics of each study group.
Variable

Number of
Patients

Age

Male/
Female

Unstable
angina

NSTEMI
STEMI

Group 1
(LMCA)

82/554
61.76+
11.52
61/
21
41

41
0

Group 2
(LAD)

256/554
57.18+
12.13
200/
56
6

4
246

Group 3
(LCx)

30/554
60.07+
10.75

27/
3
2

13
15

Group 4
(RCA)

111/554
55.96+
11.98

4/
86
3

0
108

Group5
(3VD)

75/554
61.93+
10.12
10/
57
27

48
0

of RCA (p<0.000) see table 4.   The ST segment depression
in leads V4 to V6 was specific for LMCA lesion (sensitivity;
93.9%, specificity; 98.1%, positive predictive value; 93.9%,
negative predictive value; 98.1%) see table 5.  Figure 1 shows
representative 12-lead ECGs at the hospital admission for one
patient from each group and the incidence of ST segment
elevation in lead aVR and ST segment depression in leads V4
to V6 were summarized in figure 2 and figure 3 respectively.

ST segment elevation in lead aVR is highest in group 1
(LMCA) 0.193+0.098 mV in comparison with the other groups
which are tabulated in table 6.

ST segment depression in leads V4 to V6 was also noted
to be higher in group 1 (LMCA) 0.296+0.158 mV in
comparison with the other groups (see table 7).

Variable Group 1  Group 2   Group 3   Group 4   Group5
N=82        N=256      N=30       N=111       N=75

With ST  segment elevation in lead aVR
74                27           0 7                26

Without ST segment elevation in lead aVR
8                  229          30 104            49

Table 2. Incidence of ST segment elevation in lead aVR.

Abbreviations and Acronyms
LMCA = Left main coronary artery
RCA = Right coronary artery
LAD = Left anterior descending artery
LCx = Left circumflex artery
ECG = Electrocardiogram
ACS = Acute coronary syndrome
UA = Unstable angina
NSTEMI = Non ST elevation myocardial infarction
STEMI = ST elevation myocardial infarction
IRA = Infarct related artery
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Group Sensitivity  Specificity  Positive           Negative
                                                             Predictive     Predictive

              Value            Value

1  (LMCA)     90.2            87.3              55.2             98.1
2  (LAD)    10.5               9.8              26.7               3.4
3  (LCx)     0                   9.8               0               21.1
4  (RCA)     6.3                9.8               8.6                 7.1
5  (3VD)     34.7              9.8               26               14

Table 3. Sensitivity, specificity, positive and negative predictive
value (%) of ST  Segment elevation in lead aVR



 16               RC Manuel, et al

Variable Grp 1     Grp 2       Grp 3 Grp 4      Grp5
N=82       N=256       N=30 N=111      N=75

With ST   77               5          11     2             55
segment depression elevation in leads V4 to V6

Without ST    5             251          19    109          20
segment elevation in leads V4 to V6

Table 4. Incidence of ST segment depression in lead V4 to V6.

Table 5. Sensitivity, specificity, positive and negative predictive
value (%) of ST    segment depression in lead V4-V6

Negative
Predictive

Value
98.1
1.9

20.8
4.4
20

Positive
Predictive

Value
93.9
6.1

12.5
2.5

41.7

Specificity
98.1
6.1
6.1
6.1
6.1

Sensitivity
93.9
1.9

36.7
1.8

73.3

Group
1  (LMCA)
2  (LAD)
3  (LCx)
4  (RCA)
5  (3VD)

Variable

ST
segment
elevation
in lead

aVR (mV)

Group 1
(N=74)

0.193+
0.098

Group 2
(N=27)

0.124+
0.05

Group 3
(N=0)

0

Group 4
(N=7)

0.093+
0.019

Group 5
(N=26)

0.11+
0.041

Table 6. Summation of ST segment elevation in lead aVR
in each group.

Table 7. Summation of ST segment depression in lead V4 to V6
in each group.

Variable

ST
segment

depression
in leads V4

to V6
(mV)

Group 1
(N=77)

0.296+
0.158

Group 2
(N=5)

0.147+
0.087

Group 3
(N=11)

0.246+
0.052

Group4
(N=2)

0.134+
0.047

Group 5
(N=55)

0.241+
0.090

Discussion
The present study revealed that ST segment elevation in

lead aVR was a useful indicator for predicting LMCA lesion
in acute coronary syndrome, which requires immediate
aggressive treatment.

Total obstruction or severe stenosis with flow delay in
the LMCA lesion was demonstrated by the coronary
angiography in all patients with LMCA group

The present study found that lead aVR ST segment
elevation is present in 90.2% (74/82) of the patients in the
LMCA group; this incidence is in good agreement with
incidence reported by Yamaji et al, 1 and Kono et al 6 in patients
with acute LMCA obstruction. These investigators concluded
that lead aVR ST segment elevation in acute LMCA
obstruction is the ischemia of the basal part of the
interventricular septum 1. In the LAD group, ST segment
elevation was present in 10.5% (27/256) and all of these are
located in the proximal region. This result is in good agreement
with the incidence reported by Engelen et al 7 in patient with
acute LAD obstruction in which the culprit lesion was located
proximal to the first major septal branch. These investigators
concluded that the lead aVR ST segment elevation in acute
proximal LAD occlusion is the result of the transmural
ischemia of the basal part of the septum, where the injury’s
electrical current is directed towards the right shoulder. In
6.32% (7/111) patients in the RCA group with lead aVR ST
segment elevation was observed. This suggested that ischemia
of the basal part of the septum might be caused by blood flow
disturbance in interventricular branches, arising from the well-
developed RCA, thus resulting in lead aVR ST segment
elevation in these seven patients.  Surprisingly, none from the
LCx group had a ST elevation in lead aVR. It was previously
mentioned from the study of Yamaji et al 2 that LCx obstruction
was anatomically unstable to cause ischemia at the basal part
of the septum, which has been thought to elevate the ST
segment in lead aVR.

ST segment elevation in lead aVR is present in majority
of patients with LMCA lesion and in minority of patient with
3VD and proximal LAD lesions. These subsets of patients
belong to high-risk group, which if not detected early will put
each patient’s life into danger.

The occurrence of ST segment depression in LMCA and
3VD has also been observed by other investigators although
one vessel CAD, especially left circumflex will mimic this
picture.  Therefore to differentiate further between LMCA,
3VD and LCx the value of ST segment depression in V4 to
V6 was assessed. A highest ST segment depression is highly
suggestive for LMCA followed by LCx and 3VD respectively.

.



9 0 .2

1 0 .5

0
6 .3

3 4 .7

0

1 0

2 0
3 0

4 0

5 0

6 0

7 0
8 0

9 0
1 0 0

%

1 2 3 4 5
G R O U P

Figure 2. The incidence of ST segment elevation in lead aVR in
group 1 (LMCA), group 2 (LAD), group 3 (LCx), group 4 (RCA),
and group 5 (3VD)

Figure 3. The incidence of ST segment depression in leads V4-V6
in group 1 (LMCA), group 2 (LAD), group 3 (LCx), group 4 (RCA),
and group 5 (3VD)

9 4

1 .9 3 .7 1 .8

7 3

0

1 0

2 0

3 0
4 0

5 0

6 0

7 0

8 0

9 0

1 0 0

%

1 2 3 4 5
G R O U P

Figure 1. Representative 12-lead electrocardiogram tracings at admission in a patient in (A) the left main coronary artery (LMCA)
group, (B) the left anterior descending coronary artery (LAD) group, (C) the left circumflex artery (LCx) group, (D) the right coronary
artery (RCA) group and (E) the three-vessel disease without LMCA involvement. In LMCA group, there is marked ST segment elevation
in lead aVR with concomitant ST segment depression in leads V4 to V6.
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Conclusion
In this present study careful attention should be made in

lead aVR. The presence of ST segment elevation is highly
sensitive and specific in predicting significant LMCA
occlusion in patients with acute coronary syndrome. In
addition, the presence of concomitant ST segment depression
in leads V4 to V6 in ST segment elevation in lead aVR can be
use as an added criterion in the detection of significant LMCA
lesion during acute chest pain. This is a retrospective study
involving patients diagnosed with acute coronary syndrome
and with documented admitting resting 12 lead ECG in whom
coronary angiography was performed during the same
admission. Ideally, a prospective study should be done to
further evaluate the value of these findings.

Finally, it should be emphasized that the described
electrocardiographic abnormalities were recorded during chest
pain. Therefore, similar electrocardiographic findings recorded
without the presence of angina should be interpreted with
caution.
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