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ABSTRACT
Background: The electrocardiogram (ECG) is a simple and noninvasive bedside diagnostic tool with a wellestablished role in the diagnosis of coronary artery disease (CAD). We aimed to study the diagnostic value of
electrocardiographic ST-T wave changes in lead aVL in prediction of site of coronary artery stenosis in patients
with chronic stable angina.
Patients and Methods: study was conducted on 156 patients referred for invasive coronary angiography
with history of stable CAD as proved by non- invasive tests, 12 lead ECG was recorded and fully interpreted with
more focus on T wave direction in aVL lead. T waves in aVL were categorized into one of three groups: upright,
flat or inverted.
Results: regarding T wave in lead aVL, inverted T wave was reported in 71(45.5%) patients, 58 (37.2%)
patients were with upright T wave in lead aVL and 27(17.3%) patients were with flat T wave in lead aVL, and we
found that inverted T wave in lead aVL was most evident in 56(73.7%) patients with mid LAD with (highest κ
value equal to 0.550[moderate agreement], and p value<0.001.
Conclusions: This study confirmed the diagnostic value of T wave inversion in lead aVL in prediction of mid
left anterior descending artery lesions in patients with stable coronary artery disease.

INTRODUCTION
Coronary artery disease (CAD) is an important cause of death, complications and
resource use throughout the industrial and developing world [1]. It is estimated that 1
in 3 adults in the United States has some form of cardiovascular disease, including 13
million with CAD and nearly 9 million with angina pectoris [2]. The electrocardiogram
(ECG) is a simple and noninvasive bedside diagnostic tool with a well-established role
in the diagnosis of CAD. For instance, T wave inversion in anterior or inferior location
and or ST-segment depression has been associated with high incidence of CAD [3-8].
The management of proximal obstructive CAD is more important as larger myocardial
areas are supplied downstream from the stenosis. The left anterior descending coronary
artery (LAD) which supplies 40% to 50% of total left ventricular (LV) myocardium and
may result in major ischemic damage, for this reason early detection of LAD stenosis
has a vital role for patients with CAD to avoid damaging a large functional part of LV [912]. We aimed to study the diagnostic value of electrocardiographic ST-T wave changes
in lead aVL in prediction of site of coronary artery stenosis in patients with chronic
stable angina.
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METHODS
Study populations

This study is a prospective observational study was conducted in one year between
January 2015 to December 2015 , and included 156 patients referred to Alexandria
main University hospital for invasive coronary angiography with history of stable
CAD as proved by non- invasive tests (ECG, stress echocardiography, treadmill
exercise, myocardial perfusion imaging or multi-slice computed tomography coronary
angiography),exclusion criteria were clinical situations that may result in secondary
aVL lead T wave inversion and /or ST segment depression as bundle branch block
either left or right, left ventricular hypertrophy and strain and paced ventricular
rhythms.

METHODS
An informed consent was obtained from all patients, and the study was approved
by the ethical committee. Each patient was subjected to:
Clinical evaluation

Including full history taking including age, gender, CAD risk factors, clinical
examination including heart rate and blood pressure.
Electrocardiogram [13]

ECG was recorded in a 12-lead format at a paper speed of 25 mm/s and fully
interpreted with more focus on T wave direction in aVL lead. T waves in aVL were
categorized into one of three groups: upright, lat or inverted and ST segment were
categorized as isoelectric, depressed or elevated.
Coronary angiography [13,14]

It was done to all patients, the left main coronary artery (LM), LAD, left circum lex
(LCX), and right coronary artery (RCA) were de ined and plotted on the data sheet.
The ostial lesion was de ined as lesion affecting the origin of the vessel and or within
3 millimeters (mm) from the origin. Proximal LAD was de ined as segment 3 mm from
LAD origin to the irst diagonal branch (D1), mid LAD from D1 to second diagonal
branch (D2) and distal LAD segment was beyond D2.Proximal LCX was de ined as
segment 3 mm after the origin of LCX to irst obtuse marginal branch (OM1), mid LCX
from OM1 to second obtuse marginal branch (OM2) and distal LCX was the segment
beyond OM2.Proximal RCA 3 mm from RCA origin to the right ventricular branch,
mid RCA from the right ventricular branch to RCA bifurcation and distal RCA was the
segment beyond its bifurcation .Regarding lesion severity signi icant coronary artery
disease is considered when lesion is ≥50% luminal narrowing.

STATISTICAL ANALYSIS
Statistical analysis was performed using SPSS 20 (Chicago, IL, USA).Continuous
variables were presented as mean±SD, categorical variables were expressed as
percentages and evaluated with a Chi square test or Fisher’s exact test. In order to
determine the predictive value of the T wave inversion the kappa coef icient was used
to measure inter rater agreement for categorical items. Binary regression analysis was
used to determine the most signi icant predictors of LAD stenosis. A probability value
of p<0.05 was considered signi icant.

RESULTS
Basic characteristics

In this study 156 patients previously diagnosed chronic stable angina on clinical
basis were included, 120 patients (76.9%) were males, their mean age 56.37±11.07
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years. Smoking and hypertension were the most prevalent risk factors, 101(64.7%)
patients were smokers, 94(60.3%)patients were hypertensive controlled on
medications, 77(49.4%) patients were dyslipidemic, 65(41.6%) were diabetics,
60(38.5%) patients with family history of CAD and 12(7.7%) patients were with
history of old cerebrovascular accidents, all patients were on full medical treatment
for chronic stable angina including betablockers in 156(100%), acetyl salicylic acid
in 156(100%) , oral nitrates in 135(86.5%), nicorandil in 21(13.4%), statins in
156(100%), angiotensin converting enzyme inhibitors in 45(28.8%). By examination
the mean systolic blood pressure was 134.29±17.49mmHg, the mean diastolic blood
pressure was 81.70±9.71mmHg, the mean heart rate was 65.32±10.25.
Angiographic data

Normal coronary angiograms were present in 21(13.5%), one vessel disease in
62(39.7%), 2 vessel disease in 48(30.8%), and multivessel disease were in 25(16%)
of cases, the LAD was the most commonly affected coronary artery in 109(69.9%),
followed by the RCA in 64(41%), and the LCX was in 54(34.6), and LM was in 9(5.8%)
patients.
Regarding the segmental coronary artery stenosis distribution we found that the
most common coronary artery affected in our study was the LAD, and among LAD
lesions mid LAD lesions were the most prevalent than other LAD lesions accounting
76(48.7%), proximal LCX lesions 30(19.2%) were the most in all LCX lesions, also the
mid RCA lesions 35(22.4%) were the common in all RCA lesions (Table 1).
ECG data

In our study 144(92.3%) patients were in sinus rhythm and only 12(7.7%) patients
were in atrial ibrillation and the mean heart rate was 74.29±13.13bpm.
Regarding T wave in lead aVL, inverted T wave was reported in 71(45.5%) patients
[60(38.5%)patients was with isolated T wave inversion in lead aVL, and 11(7.1%)
patients was in aVL and other leads] ,58 (37.2%) patients were with upright T wave in
lead aVL and 27(17.3%) patients were with lat T wave in lead aVL.
Regarding ST segment in lead aVL, it was isoelectric in a large number of patient
126 patients (80.8%), depressed ST segment in 27 patients (17.3%) and elevated
ST segment in 3 patients (1.9%). Other ECG abnormalities as (frequent premature
contractions, poor R progression, T wave alternans) were present in about 14(9%)
patients.
So the T wave inversion in lead aVL was the most common ECG inding in patients
with stable CAD and we study its distribution according to different segmental stenosis
of CAD as ( Table 2) and we found that T wave inversion in lead aVL was most common
in 56(73.7%) patients with mid LAD stenosis (Figure 1).
To study the signi icance of T wave inversion in lead aVL in prediction of mid
LAD stenosis using the Kappa test (κ), (highest κ value equal to 0.550[moderate
agreement], and highest accuracy of 77.56%, and it was statistically signi icant p
Table 1: Segmental distribution of the coronary arteries in the patients.
No (%)

LAD
(n = 109)

LCX
(n = 54)

RCA
(n = 64)

Ostial

1(0.6)

19(12.2)

10(6.4)

Proximal

36(23.1)

30(19.2)

23(14.7)

Mid

76(48.7)

7(4.5)

35(22.4)

Distal

16(10.3)

11(7.1)

17(10.9)

LAD: Left Anterior Sescending, LCX: Left Circumflex, RCA: Right Coronary Artery.
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Table 2: Distribution of T wave inversion in lead aVL according to different coronary artery segmental stenosis.
Inverted T with in lead aVL
No
(n = 85)

Yes
(n = 71)

No

%

No

%

LM

6

7.1

3

4.2

Ostial LAD

1

1.2

0

0.0

Proximal LAD

25

29.4

11

15.5

Mid LAD

20

23.5

56

78.9

Distal LAD

16

18.8

0

0.0

Ostial LCX

18

21.2

1

1.4

Proximal LCX

26

30.6

4

5.6

Mid LCX

2

2.4

5

7.0

Distal LCX

7

8.2

4

5.6

Ostial RCA

0

0.0

10

14.1

Proximal RCA

19

22.4

4

5.6

Mid RCA

28

32.9

7

9.9

Distal RCA

12

14.1

5

7.0

LAD: Left Anterior Descending, LCX: Left Circumflex, RCA: Right Coronary Artery.

Figure 1: Example of isolated T wave inversion in lead aVL and the coronary angiogram of that case showed
significant mid LAD stenosis as shown by black arrow.

value<0.001), also the binary logistic regression for the parameters that affecting mid
LAD stenosis revealed that T wave inversion in lead aVL was the only abnormal inding
that predicted mid LAD lesions (B=1.869,odds ratio 6.480, 95%, con idence interval
LL2.421- UL17.344, <0.001).

DISCUSSION
The ECG remains the key test in the diagnosis of acute and chronic coronary
syndromes [15,16]. In the setting of acute coronary syndrome, several ECG indings
help to localize the occlusion site of the LAD coronary artery with respect to its
major branches as ST segment elevation in lead aVR was found to be very useful in
identifying LAD occlusion proximal to irst septal perforator [17,18]. Until now the
value of T wave changes in lead aVL in diagnosing CAD in patients with chronic stable
angina has not yet been well addressed in literature , and might be considered nonsigni icant by most physicians. There is accumulating evidence however, that changes
in lead aVL have signi icance for patients [19-21]. In our study we found that inverted
T wave in lead aVL is mainly diagnostic for mid LAD stenosis in patient with stable
CAD. It was dif icult for us to ind several studies to be compared with our study as
a limited number of studies had indicated that ST segment or T wave abnormality in
speci ic leads can be an early sign of a signi icant lesion in a speci ic coronary artery.
Farhan et al. [13], analyzed ECGs of 257 consecutive patients undergoing coronary
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angiography, all patients had chronic stable angina, all patients with secondary T wave
inversion had been excluded (66 patients). The remaining 191 patients constituted the
study population and found that T wave inversion in aVL was found to be the only ECG
variable signi icantly predicting mid segment (LAD) lesions (Odds Ratio 2.93, 95%
Con idence Interval 1.59-5.37, p=0.001. which is totally in agreement to our study ,
also Hassen GW et al. [22]. In a multidisciplinary prospective study, a single ECG with
isolated T wave inversion in lead aVL that was interpreted by the computer as normal
was given to all participants to interpret in writing. The readings by all physicians were
compared by level of education and by specialty to one another and to the computer
interpretation. They found of the 191 physicians participated in the study 48 (25.1%)
identi ied and143 (74.9%) did not identify the isolated T wave inversion in lead aVL,
and at the end of the study they showed a case report of the association of inverted
T wave in the ECG and the mid LAD stenosis and concluded that subtle ECG indings
should be emphasized in their training so as not to miss signi icant indings that could
cause morbidity and mortality. Also Hassen GW et al., in another study [23], concluded
in his review article T wave inversion alone in lead aVL with no pathologic QS and/
or ST-T changes in other leads is usually described as normal ECG by the referring
physicians and computer assisted ECG interpretation. The aforementioned cases and
studies highlight the importance of the ECG changes in lead aVL and their prognostic
signi icance. Health care providers should be alert of T wave inversion in aVL especially
in presence of major risk factors for CAD and in absence of secondary causes that might
alter the polarity of T wave. This will help early detection and treatment of patients
with stable CAD.

STUDY LIMITATIONS
The study is limited by its small sample size and by the study population, which
only included patients with stable coronary artery disease and did not include those
with acute coronary syndromes.

CONCLUSIONS
This study con irmed the diagnostic value of T wave inversion in lead aVL in
prediction of mid left anterior descending artery lesions in patients with stable
coronary artery disease.
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