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Introduction
Coronary heart disease is a worldwide epidemic accounting 
for 30 percent of all deaths. The rising trend of coronary 
heart disease is a consequence of lifestyle changes in devel-
oping countries. Of those dying from cardiovascular 
disease, 80% are in developing countries1. Between 1990 

and 2020, coronary heart disease mortality is expected to 
increase by 120 percent in women and 137 percent in men in 
developing countries with estimated annual number of 
deaths to be 11.1 million in 20202. The South Asian coun-
tries of India, Pakistan, Bangladesh, Sri Lanka and Nepal 
contribute the highest proportion of the burden of the 
cardiovascular diseases (CVDs) compared to any other 
regions3-5. Acute myocardial infarction (AMI) is a major 
component of acute coronary syndrome (ACS) which is 
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Abstract 
Background: Inferior wall Acute Myocardial Infarction (AMI) accounts for 40-50% of all AMI and the infarct-related artery 
can either be the Right Coronary Artery (RCA) or the Left Circumflex (LCX) artery. Despite major advances in diagnostic 
tools, electrocardiography (ECG) remains the cornerstone in the diagnosis of Myocardial Infarction. Various ECG criteria 
have been suggested to predict the culprit artery based on analysis of ST-segment elevation and ST-segment depression in 
different leads. ST-segment depression in lead aVL is not influenced by extension of the infarction to the right ventricle or to 
the posterior wall, thus ST-segment depression in lead aVL can be useful in the identification of RCA occlusion. The present 
study was undertaken to evaluate the role of ECG changes (ST-segment depression of 1mm or more) in lead aVL in               
predicting RCA as the culprit lesion in acute inferior ST elevation myocardial infarction. 
Methods: This prospective study was carried out in Department of Cardiology, National Heart Foundation Hospital and 
Research Institute, Bangladesh from September 2013 to September 2014. The study consecutively included a total of 98 
patients who presented with ST-segment elevation inferior myocardial infarction and later underwent coronary angiogram. 
Study population was divided into two groups for comparison of Clinical and coronary angiographic finding; Group I: Acute 
STEMI (Inferior) patients with ST-segment depression 1mm or more in lead aVL and Group-II: Acute STEMI (Inferior) 
patients with having less than or no ST-segment depression in lead aVL. 
Result: Age and sex distribution between Group-I and Group-II were almost identical with mean ages of the groups being 
50.9±9.4 and 54.8±12.6 years respectively (p, 0.089) and a male predominance was evident. Coronary angiographic data 
show that lesion in RCA were significantly higher (88.5%) in patients of Group-I than those in patients of Group-II (63%) (p, 
0.001). Majority had lesions in RCA, while the rest of the Group-I and Group-II had lesion in LCX and or LAD. Mid and 
distal lesions were significantly higher in Group-I RCA than those in Group-II. Most of the LCX lesions were confined to the 
proximal and mid segments in group II patients (p, 0.018).  The sensitivity of ST-segment depression in lead aVL in                 
diagnosing lesion in RCA was 61.3% and specificity was 73.22%. The positive and negative predictive values of the ECG 
criterion were 88.4% and 36.9% respectively, while the percentages of false positive and false negatives were 11.4% and 63% 
respectively. The overall diagnostic accuracy of ST-segment depression in lead aVL in predicting the culprit artery in ST- 
elevated acute inferior myocardial infarction 68.3%.
Conclusion: ST-segment depression in lead aVL in inferior wall acute myocardial infarction predicts the right coronary 
artery as the culprit artery with a fair degree of accuracy. 

Keywords:  AMI: Acute Myocardial Infarction; IRA: Infarct Related Artery; LCX: Left Circumflex Artery; RCA: Right 
Coronary Artery; CAG: Coronary Angiogram; PCI: Percutaneous Coronary Intervention.               (JNHFB 2019; 8 : 76-82)

usually due to anterior and inferior wall involvement6. 
Unlike anterior wall AMI, which is a fairly homogenous 
entity, the extent of acute inferior wall MI depends on the 
infarct related artery and its size7. The mortality and morbid-
ity of AMI inferior depend on the site of coronary artery 
lesion. Proximal RCA occlusion in most cases result in 
RV-infarction which has significantly higher incidence of 
hypotension, arrhythmia, conduction disturbance and death. 
LCX occlusion has been associated with a larger infarct size 
and a higher complication rate like atrial fibrillation (AF), 
cardiogenic shock and death8.

Diagnosis of acute myocardial infarction is based on a histo-
ry of acute chest pain in conjugation with ECG criteria and 
laboratory findings. Although new laboratory methods such 
as measurement of Troponin I have emerged, the ECG is 
still the most readily available and fastest method of 
diagnosing AMI9. ECG plays a crucial role because it is 
cheap and universally available. ECG information about the 
culprit artery in inferior wall myocardial infarction is 
important because the prognosis and therapeutic strategy 
may vary between LCX and RCA related inferior MI10.

Various ECG criteria have been suggested to predict the 
culprit artery based on analysis of ST-segment elevation and 
ST-segment depression in different leads11. Verouden et al. 
(2009)12 found that ST-segment elevation in lead III more 
than that in lead II, combined with ST-segment depression 
in lead I or aVL predicts RCA as the culprit artery. Niar and 
Glancy, (2002)13 stated that ST-segment elevation in lead II 
more than that in lead III predicted LCX as the culprit artery 
with 40% sensitivity and 96% specificity. Fiol et al. (2004)14 
calculated the ratio of the sum of ST-depression in leads 
V1–V3 divided by the sum of ST-elevation in leads II, aVF, 
and III. If the calculated ratio was found to be equal to or 
less than 1, RCA was the culprit artery. Kosuge et al. 
(1998)15 reported that the magnitude of ST depression in 
lead V3 relative to the ST elevation in lead III (V3: III ratio) 
was useful in distinguishing the culprit artery in acute inferi-
or myocardial infarction. A V3: III ratio of < 0.5 indicated a 
proximal RCA occlusion; a V3: III ratio of 0.5 to 1.2 
indicated a distal RCA occlusion; and a V3: III ratio of > 1.2 
indicated LCX lesion. When occlusion in RCA is located 
proximally to the right ventricular (RV) branch, the right 
ventricle will be ischemic and subsequently infarcted. 
ST-segment elevation in right precordial lead (lead V4R) 
stands for RV infarct where the culprit artery is RCA15.

Significant ST-segment depression in lead aVL was more 
common in the RCA group, with a sensitivity of 94% and a 
specificity of 71%. Deeper ST-segment depression in lead 
aVL than that in lead I was found in 88% of RCA group and 
6% of LCX group. Higher ST-segment elevation in lead III 
than that in lead II was found in 80% of the RCA group and 
in 6% of LCX group. Both criteria were positive in 70% of 
the patients in RCA group and none in LCX group, whereas 

both were negative in 88% of LCX patients and none of the 
RCA patients16.

Lead aVL faces the superolateral wall of the left ventricle 
and is, therefore, the most sensitive lead reciprocal to the 
inferior wall. Thus ST-segment depression in aVL is highly 
suggestive of RCA occlusion, whereas ST-segment elevation 
in posterior leads without ST-segment depression in aVL is 
highly sensitive and specific for occlusion of the circumflex 
artery17. In addition, ST-segment depression that is greater 
in lead aVL than that in lead I is highly specific (92%) for 
RCA occlusions16. This ECG pattern is almost 6 times as 
common in RCA occlusion (47%) than in circumflex artery 
occlusion (8%). These ECG changes help clinicians identify 
the occluded vessel before PCI which can help in stratifying 
risk and planning the procedure, and in identifying re-occlu-
sion after coronary interventions.

Thus ST-segment depression in lead aVL can be useful in 
the identification of occlusion in RCA. In Bangladesh sever-
al studies have been carried out to correlate ST-segment 
deviation in various ECG leads with the angiographic 
findings to find out culprit artery in ST-segment elevation 
inferior myocardial infarction. No study involving correlation 
of ST depression in lead aVL in AMI inferior with coronary 
angiographic profile has been done yet. The purpose of this 
study was to evaluate the clinical significance of ST- 
segment depression in lead aVL during acute inferior ST 
elevation myocardial infarction, and correlate this with the 
coronary angiographic findings directed to find the diagnostic 
accuracy of ST-segment depression in lead aVL in predicting 
the culprit artery in ST-elevation inferior myocardial    
infarction in our population.

Materials and methods
This cross-sectional study was carried out in Department of 
Cardiology, National Heart Foundation Hospital and 
Research Institute, Mirpur, Dhaka, Bangladesh from 
September 2013 to September 2014. The study included 
patients who presented with ST-segment elevated inferior 
myocardial infarction and later underwent coronary angio-
gram. Clinical and angiographic finding were compared 
between two groups of patients – one group having ST- 
segment depression 1mm or more in lead aVL (Group-I) 
and another group having less than 1mm ST-segment 
depression in lead aVL (Group-II). A total of 98 patients 
were successfully selected considering the inclusion and 
exclusion criteria, and enrolled into the study. Data were 
collected using a structured questionnaire containing all the 
variables of interest.

Patients selection and grouping 
Patients who presented with typical ischemic chest pain for 
>30mins and evolving characteristic ECG abnormalities 
that showed ST-segment elevation in >2 inferior leads (lead 
II, III, aVF) and an increase in cardiac biomarkers >2 UNL 

RCA as the IRA (63%), but a major subset also had LCX as 
the IRA (37%). (p = 0.001). (Fig: 1). Mid and distal lesions 
were significantly more common in RCA of Group-I than 
those in Group-II.  There is more proximal involvement of 
LCX of group II patients then in group I (p = 0.05) (Table 2). 
There were more SVD in Group I and more DVD and TVD 
in Group II (p = 0.001) (Table 3).

In the present study there was no significant difference 
between Group-I and Group-II with respect to in-hospital 
complications like hypotension, cardiogenic shock, acute 
LVF, arrhythmia, persistent chest pain and A-V block (p = 
0.421, p = 0.356, p = 0.098p = 0.309, p = 0.590 and p = 
0.558 respectively. More of Group I patients had episodes of 
hypotension. More of the Group II patients had evidence of 
left ventricular failure which was subsequently managed 
conservatively. One of the Group I patients had developed 
complete heart block and TPM was inserted, he reverted to 
sinus rhythm two days after thrombolysis (Table 4).  Right 
coronary artery dominance was common in both groups. 
Left dominance was found in 7.7%% and 10.9 % in group I 
and group II respectively (p = 0.471). Co-dominance was found 
in 1.9% of Group I and 6.5%% of Group II patients (Table 5).

In this study screening test variable is amplitude of ST-de-
pression in lead aVL and established diagnosis is coronary 
angiogram. The sensitivity of ST-segment depression in 
lead aVL in diagnosing lesion in RCA is 46/75× 100 = 
61.3% and specificity of the test in correctly ruling out those 
who did not have lesion in RCA is 17/23 × 100 = 73.4%. 
The positive and negative predictive values of the diagnostic 
test variables are 88.4% and 36.9% respectively, while the 
percentages of false positive and false negatives are 11.4% 
and 63.0%respectively. The overall diagnostic accuracy of 
ST-segment depression in lead aVL is predicting the culprit 
artery in ST-elevated acute inferior myocardial infarction 
68.3 % (Table 6 & 7).

Table 1: Comparison of demographic variables between 
Group I and Group II

NS= Non Significant, S=Significant, 
* Unpaired t test was done. #Chi-squared Test (χ2) was done to analyze the data.

 Fig 1: Distribution of infarct-related artery between groups

Table 2: Comparison of segments of IRA involved between 
groups

Chi-squared Test (χ2) was done to analyze the data. S = Significant.

Table 3: Comparison of number of coronary artery 
involvement between groups

Chi-squared Test (χ2) was done to analyze the data. S = Significant.

Table 4:  Comparison of In-hospital complications between groups

Chi-square Test (χ2) was done. *Fisher’s Exact Test was done; NS= Non 
Significant, S=Significant.

Table 5. Comparison of coronary artery dominance 
between groups (N=98)

Chi-squared Test (χ2) was done to analyze the data. NS= Non Significant

& underwent either primary PCI or coronary angiogram 
following thrombolysis were included in the study.  Patients 
who have previous myocardial infarction, associated acute 
anterior myocardial infarction, significant stenosis of both 
RCA and LCX were excluded unless confirmed by operator, 
history of cerebrovascular disease, concomitant co-morbid 
conditions that makes the patient unsuitable for CAG, with 
factors potentially confounding the ECG interpreta-
tion-Bundle branch block, WPW syndrome, paced rhythm, 
low voltage ECG, poor quality and incomplete ECG were 
excluded from the study. 

The following procedures were adopted step-wise to 
conduct the study:
Among the admitted patients, ST-segment elevated inferior 
myocardial infarction cases were isolated based on the 
history of typical chest pain for >30 mins, ST -segment 
elevation of more than 1 mm in at least 2 of 3 inferior leads 
in 12 lead ECG and the typical increase in cardiac enzymes 
during acute phase. Patients who were thrombolysed outside 
NHFH, their first baseline ECG done outside were collect-
ed. They were enrolled in the study if they gave consent for 
CAG at NHFH. Both acute inferior wall MI patients that 
underwent primary PCI and those that had undergone 
thrombolysis at NHFH who subsequently gave consent for 
CAG were selected in the study.

Patients were stratified into 2 groups:

Group I: Acute STEMI (Inferior) patients with ST-segment 
depression 1mm or more in lead aVL.

Group II: Patients having no/ ST-segment depression in 
lead aVL of less than 1mm.

Variables
The variables studied were as follows:  
Demographic variables: age, gender, height, weight, smoking 
status, hypertension, diabetes mellitus, dyslipidemia, family 
history of CAD, obesity. Clinical variables: chest pain, 
shortness of breath, loss of consciousness. Biochemical 
variables: troponin I, CK-MB, fasting lipid profile. Electro-
cardiographic variables: ST-segment depression in lead 
aVL ≥ 1 mm, no ST-segment depression in aVL ≥ 1mm. 
Echocardiographic variables: Left Ventricular Ejection 
Fraction (LVEF %), mitral regurgitation (mild/moderate/ 
severe). Coronary angiographic variables: site of lesion, 
percentage of lesion, infarct related artery, dominance, 
number of artery involved.

Coronary angiogram 
Coronary angiogram was performed in these respective 
patients. Angiographic variables of the infarct related vessel 
were compared between two groups to identify in which 
group RCA was more likely to be the culprit artery. Patients 
were followed up throughout their hospital stay up to 
discharge and event of complications, if any, were noted. 

Accuracy of a screening test against an established diagnosis

Before going to the test findings, it would be worthwhile to 
interpret the components of accuracy of a screening test 
against a confirmatory diagnosis, which is considered as the 
‘Gold Standard’. The letter ‘a’ denotes those individuals 
having lead aVL ST-depression of 1mm/more and in CAG 
infarct related artery is RCA (i.e., true positives). While ‘b’ 
includes those individuals having lead aVL ST-depression 
of 1mm/more but in CAG infarct related artery is not RCA 
(i.e., false positives). The letter ‘c’ is individuals who do not 
have lead aVL ST-depression of 1 mm/more but in CAG 
infarct related artery is LCX (i.e., false negatives) and the 
letter ‘d’ number of individuals who do not have lead aVL 
ST-depression of 1mm/more and also in CAG infarct related 
artery is not LCX (i.e., true negatives).

Data Analysis
Data were processed and analyzed using SPSS (Statistical 
Package for Social Sciences), version 16. The test statistics 
used to analyze the data were descriptive statistics, 
Chi-square (χ2), Unpaired t-Test. The level of significance 
was set 0.05 and p < 0.05 was considered significant.  

Result
The present study was conducted to see the diagnostic 
accuracy of ST-segment depression in lead aVL in predict-
ing the culprit artery in ST-elevated acute inferior myocardi-
al infarction. The study included a total of 98 patients of 
acute ST-segment elevation inferior wall myocardial infarc-
tion. The patients were divided into two groups: Group-I 
having ST-segment depression ≥ 1mm in lead aVL (n=52) 
and Group-II having no or <1mm ST-segment depression in 
lead aVL (n = 46). All the baseline characteristics, angio-
graphic findings and outcome data were then compared 
between the two groups.

Age distribution between Group-I and Group-II was almost 
identical with mean ages of group I and group II being 50.9 
± 9.4 and 54.8 ± 12.6 years respectively (p = 0.089). Males 
were predominant in both groups with no significant 
intergroup difference (p = 0.442). Over 69.2% of Group-I 
and 56.5% of Group-II were current smoker (p = 0.066). 
Around 40% of both groups were diabetics, 44% were 
hypertension and more than 30% had family history 
ischemic heart diseases. The differences between the groups 
with respect to these variables were not significant (p > 
0.05). However, dyslipidemia was less common in Group-I 
than in Group-II (p, 0.014) (Table 1).

In the present study lesion in RCA alone were significantly 
higher in patients of Group-I (88.5%) than those Group-II. 
In Group II though a significant number of patients had 

Table 6: Accuracy of ST-depression in lead aVL in            
predicting infarct-related coronary arteries in ST-elevated 
inferior myocardial infraction

Table 7: Diagnostic Accuracy of ST-segment depression in 
lead aVL of 1mm/more, in predicting RCA as infarct- 
related coronary artery in AMI (Inf) 

Discussion
Although therapeutic strategies for acute coronary 
syndrome have been remarkably improved, AMI still 
remains an important cause of morbidity and mortality. Half 
of AMI related deaths generally occur in the first hour and 
are usually due to the ventricular arrhythmias. The initiation 
of immediate and effective therapy considerably decreases 
the mortality rates of AMI18. Therefore, predicting the site of 
lesion in major coronary arteries using non-invasive proce-
dure like ECG is important to start immediate therapy. 
Various ECG criteria have been suggested to predict the 
culprit artery based on analysis of ST-segment elevation and 
ST-segment depression in different leads12.

The RCA occlusion results in an ST-segment vector     
directed segment and rightward, while in LCX occlusion, 
the vector is directed more posteriorly and leftward. In RCA 
occlusion, there will, therefore be more ST elevation in lead 
III than in lead II, with resultant ST depression in lead I. 
Greater ST segment depression in lead aVL than in lead I 
have also been found to be highly predictive of RCA    
occlusion19. These criteria was more sensitive, more specific 
and less affected by the site of obstruction in the coronary 
artery16.

In many cases the reciprocal changes are the only electro-
cardiographic clue for early diagnosis and localization of 
evolving myocardial infarction20. It was demonstrated that 
in almost all cases of inferior AMI there is transient ST 
depression in aVL during the early stage. In 7.5% of the 
patients, ST depression in aVL is the only early ECG clue to 
the diagnosis of inferior AMI21.

In the present study a total of 98 patients underwent CAG 
were included in the study. Seventy (76.3%) out of 98 
patients of acute inferior wall myocardial infarction had 
lesions in RCA (either in RCA alone or in association with 
LCX and or LAD). Of them 52(69.3%) had significant 
ST-segment depression (ST-segment depression of 1mm or 

more) in lead aVL. 46.9% of the patients had ST depression 
of less than 1 mm. Hasdai et al. (1995)22 discovered that in 
patients with acute inferior wall myocardial infarction, ST 
depression in lead I and aVL were significantly more 
common in RCA occlusion, with a sensitivity of 70% and 
100% respectively, and specificity of 63% and 38%. It was 
also interesting to observe that a few of the enrolled patients 
both in group I and group II had lesions that recanalyzed 
following thrombolysis and had to be subsequently exclud-
ed from the study.

In the present study the mean age of study subjects was 
50.9+ 9.4 for Group I and 54.8+12.6 for Group II. The 
commonest age group was those more than 50 years of age, 
53.8% of Group I and 63.0% of Group II patients. The mean 
age difference was not statistically significant. Jamal et al. 
(2009)23 found the mean age distribution to be 57.7+11.1 
years. Alam et al. (2011)24 found the mean age of the study 
subjects to be 53.6+10.3. The study findings are similar to 
our age groups. There was a male predominance in both the 
groups. In my study, only 4% of group I and 7% of group II 
subjects were female. In Bangladesh various studies showed 
that female patients formed only a small percentage. Alam 
et al. (2011)24 found that 82.7% of his subjects were male 
and only 17.3% were female. Haque et al. (2011)25 discovered 
a male female ratio of 3.1:1. Protective effect of estrogen, 
reduced incidence of smoking among women and a general 
negligence or delay of the females in seeking medical 
advice may be the reason why we had fewer females in the 
overall study.

Study showed that Over 69.2% of Group-I and 56.5% of 
Group-II were current smoker (p = 0.066). Around 40% of 
both groups were diabetics, 44% were HTN and more than 
30% had family history ischemic heart diseases. The differ-
ences between the groups with respect to these variables 
were not significant (p > 0.05). However, dyslipidemia was 
less common in Group-I than that in Group-II (p = 0.014). 
Hypertension was once again found to be the commonest 
risk factor and dyslipidemia the second most common risk 
factor in study by Kanai et al. (2010)26. Smoking was found 
to be the commonest risk factor in studies done by Jamal et 
al. (2009)23, Alam et al. (2011)24 and Haque et al. (2011)25 
respectively which match with our study. 

Lesion in RCA alone were significantly higher in patients of 
Group-I (88.5%) than those in patients of Group-II (p = 
0.001). Mid and distal lesions were significantly higher in 
RCA lesions of Group-I and proximal lesions were more 
common in the RCA and LCX lesions in group II (p=0.05) 
Coronary angiogram showed that both the groups had 
severe lesions (in terms of percentage of lesion). In terms of 
number of vessels involved there was more single vessel 
disease involvement in Group I and double vessel disease 
and triple vessel disease was more prevalent then single 
vessel disease in Group II (p = 0.213).
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Introduction
Coronary heart disease is a worldwide epidemic accounting 
for 30 percent of all deaths. The rising trend of coronary 
heart disease is a consequence of lifestyle changes in devel-
oping countries. Of those dying from cardiovascular 
disease, 80% are in developing countries1. Between 1990 

and 2020, coronary heart disease mortality is expected to 
increase by 120 percent in women and 137 percent in men in 
developing countries with estimated annual number of 
deaths to be 11.1 million in 20202. The South Asian coun-
tries of India, Pakistan, Bangladesh, Sri Lanka and Nepal 
contribute the highest proportion of the burden of the 
cardiovascular diseases (CVDs) compared to any other 
regions3-5. Acute myocardial infarction (AMI) is a major 
component of acute coronary syndrome (ACS) which is 

usually due to anterior and inferior wall involvement6. 
Unlike anterior wall AMI, which is a fairly homogenous 
entity, the extent of acute inferior wall MI depends on the 
infarct related artery and its size7. The mortality and morbid-
ity of AMI inferior depend on the site of coronary artery 
lesion. Proximal RCA occlusion in most cases result in 
RV-infarction which has significantly higher incidence of 
hypotension, arrhythmia, conduction disturbance and death. 
LCX occlusion has been associated with a larger infarct size 
and a higher complication rate like atrial fibrillation (AF), 
cardiogenic shock and death8.

Diagnosis of acute myocardial infarction is based on a histo-
ry of acute chest pain in conjugation with ECG criteria and 
laboratory findings. Although new laboratory methods such 
as measurement of Troponin I have emerged, the ECG is 
still the most readily available and fastest method of 
diagnosing AMI9. ECG plays a crucial role because it is 
cheap and universally available. ECG information about the 
culprit artery in inferior wall myocardial infarction is 
important because the prognosis and therapeutic strategy 
may vary between LCX and RCA related inferior MI10.

Various ECG criteria have been suggested to predict the 
culprit artery based on analysis of ST-segment elevation and 
ST-segment depression in different leads11. Verouden et al. 
(2009)12 found that ST-segment elevation in lead III more 
than that in lead II, combined with ST-segment depression 
in lead I or aVL predicts RCA as the culprit artery. Niar and 
Glancy, (2002)13 stated that ST-segment elevation in lead II 
more than that in lead III predicted LCX as the culprit artery 
with 40% sensitivity and 96% specificity. Fiol et al. (2004)14 
calculated the ratio of the sum of ST-depression in leads 
V1–V3 divided by the sum of ST-elevation in leads II, aVF, 
and III. If the calculated ratio was found to be equal to or 
less than 1, RCA was the culprit artery. Kosuge et al. 
(1998)15 reported that the magnitude of ST depression in 
lead V3 relative to the ST elevation in lead III (V3: III ratio) 
was useful in distinguishing the culprit artery in acute inferi-
or myocardial infarction. A V3: III ratio of < 0.5 indicated a 
proximal RCA occlusion; a V3: III ratio of 0.5 to 1.2 
indicated a distal RCA occlusion; and a V3: III ratio of > 1.2 
indicated LCX lesion. When occlusion in RCA is located 
proximally to the right ventricular (RV) branch, the right 
ventricle will be ischemic and subsequently infarcted. 
ST-segment elevation in right precordial lead (lead V4R) 
stands for RV infarct where the culprit artery is RCA15.

Significant ST-segment depression in lead aVL was more 
common in the RCA group, with a sensitivity of 94% and a 
specificity of 71%. Deeper ST-segment depression in lead 
aVL than that in lead I was found in 88% of RCA group and 
6% of LCX group. Higher ST-segment elevation in lead III 
than that in lead II was found in 80% of the RCA group and 
in 6% of LCX group. Both criteria were positive in 70% of 
the patients in RCA group and none in LCX group, whereas 

both were negative in 88% of LCX patients and none of the 
RCA patients16.

Lead aVL faces the superolateral wall of the left ventricle 
and is, therefore, the most sensitive lead reciprocal to the 
inferior wall. Thus ST-segment depression in aVL is highly 
suggestive of RCA occlusion, whereas ST-segment elevation 
in posterior leads without ST-segment depression in aVL is 
highly sensitive and specific for occlusion of the circumflex 
artery17. In addition, ST-segment depression that is greater 
in lead aVL than that in lead I is highly specific (92%) for 
RCA occlusions16. This ECG pattern is almost 6 times as 
common in RCA occlusion (47%) than in circumflex artery 
occlusion (8%). These ECG changes help clinicians identify 
the occluded vessel before PCI which can help in stratifying 
risk and planning the procedure, and in identifying re-occlu-
sion after coronary interventions.

Thus ST-segment depression in lead aVL can be useful in 
the identification of occlusion in RCA. In Bangladesh sever-
al studies have been carried out to correlate ST-segment 
deviation in various ECG leads with the angiographic 
findings to find out culprit artery in ST-segment elevation 
inferior myocardial infarction. No study involving correlation 
of ST depression in lead aVL in AMI inferior with coronary 
angiographic profile has been done yet. The purpose of this 
study was to evaluate the clinical significance of ST- 
segment depression in lead aVL during acute inferior ST 
elevation myocardial infarction, and correlate this with the 
coronary angiographic findings directed to find the diagnostic 
accuracy of ST-segment depression in lead aVL in predicting 
the culprit artery in ST-elevation inferior myocardial    
infarction in our population.

Materials and methods
This cross-sectional study was carried out in Department of 
Cardiology, National Heart Foundation Hospital and 
Research Institute, Mirpur, Dhaka, Bangladesh from 
September 2013 to September 2014. The study included 
patients who presented with ST-segment elevated inferior 
myocardial infarction and later underwent coronary angio-
gram. Clinical and angiographic finding were compared 
between two groups of patients – one group having ST- 
segment depression 1mm or more in lead aVL (Group-I) 
and another group having less than 1mm ST-segment 
depression in lead aVL (Group-II). A total of 98 patients 
were successfully selected considering the inclusion and 
exclusion criteria, and enrolled into the study. Data were 
collected using a structured questionnaire containing all the 
variables of interest.

Patients selection and grouping 
Patients who presented with typical ischemic chest pain for 
>30mins and evolving characteristic ECG abnormalities 
that showed ST-segment elevation in >2 inferior leads (lead 
II, III, aVF) and an increase in cardiac biomarkers >2 UNL 

RCA as the IRA (63%), but a major subset also had LCX as 
the IRA (37%). (p = 0.001). (Fig: 1). Mid and distal lesions 
were significantly more common in RCA of Group-I than 
those in Group-II.  There is more proximal involvement of 
LCX of group II patients then in group I (p = 0.05) (Table 2). 
There were more SVD in Group I and more DVD and TVD 
in Group II (p = 0.001) (Table 3).

In the present study there was no significant difference 
between Group-I and Group-II with respect to in-hospital 
complications like hypotension, cardiogenic shock, acute 
LVF, arrhythmia, persistent chest pain and A-V block (p = 
0.421, p = 0.356, p = 0.098p = 0.309, p = 0.590 and p = 
0.558 respectively. More of Group I patients had episodes of 
hypotension. More of the Group II patients had evidence of 
left ventricular failure which was subsequently managed 
conservatively. One of the Group I patients had developed 
complete heart block and TPM was inserted, he reverted to 
sinus rhythm two days after thrombolysis (Table 4).  Right 
coronary artery dominance was common in both groups. 
Left dominance was found in 7.7%% and 10.9 % in group I 
and group II respectively (p = 0.471). Co-dominance was found 
in 1.9% of Group I and 6.5%% of Group II patients (Table 5).

In this study screening test variable is amplitude of ST-de-
pression in lead aVL and established diagnosis is coronary 
angiogram. The sensitivity of ST-segment depression in 
lead aVL in diagnosing lesion in RCA is 46/75× 100 = 
61.3% and specificity of the test in correctly ruling out those 
who did not have lesion in RCA is 17/23 × 100 = 73.4%. 
The positive and negative predictive values of the diagnostic 
test variables are 88.4% and 36.9% respectively, while the 
percentages of false positive and false negatives are 11.4% 
and 63.0%respectively. The overall diagnostic accuracy of 
ST-segment depression in lead aVL is predicting the culprit 
artery in ST-elevated acute inferior myocardial infarction 
68.3 % (Table 6 & 7).

Table 1: Comparison of demographic variables between 
Group I and Group II

NS= Non Significant, S=Significant, 
* Unpaired t test was done. #Chi-squared Test (χ2) was done to analyze the data.

 Fig 1: Distribution of infarct-related artery between groups

Table 2: Comparison of segments of IRA involved between 
groups

Chi-squared Test (χ2) was done to analyze the data. S = Significant.

Table 3: Comparison of number of coronary artery 
involvement between groups

Chi-squared Test (χ2) was done to analyze the data. S = Significant.

Table 4:  Comparison of In-hospital complications between groups

Chi-square Test (χ2) was done. *Fisher’s Exact Test was done; NS= Non 
Significant, S=Significant.

Table 5. Comparison of coronary artery dominance 
between groups (N=98)

Chi-squared Test (χ2) was done to analyze the data. NS= Non Significant

& underwent either primary PCI or coronary angiogram 
following thrombolysis were included in the study.  Patients 
who have previous myocardial infarction, associated acute 
anterior myocardial infarction, significant stenosis of both 
RCA and LCX were excluded unless confirmed by operator, 
history of cerebrovascular disease, concomitant co-morbid 
conditions that makes the patient unsuitable for CAG, with 
factors potentially confounding the ECG interpreta-
tion-Bundle branch block, WPW syndrome, paced rhythm, 
low voltage ECG, poor quality and incomplete ECG were 
excluded from the study. 

The following procedures were adopted step-wise to 
conduct the study:
Among the admitted patients, ST-segment elevated inferior 
myocardial infarction cases were isolated based on the 
history of typical chest pain for >30 mins, ST -segment 
elevation of more than 1 mm in at least 2 of 3 inferior leads 
in 12 lead ECG and the typical increase in cardiac enzymes 
during acute phase. Patients who were thrombolysed outside 
NHFH, their first baseline ECG done outside were collect-
ed. They were enrolled in the study if they gave consent for 
CAG at NHFH. Both acute inferior wall MI patients that 
underwent primary PCI and those that had undergone 
thrombolysis at NHFH who subsequently gave consent for 
CAG were selected in the study.

Patients were stratified into 2 groups:

Group I: Acute STEMI (Inferior) patients with ST-segment 
depression 1mm or more in lead aVL.

Group II: Patients having no/ ST-segment depression in 
lead aVL of less than 1mm.

Variables
The variables studied were as follows:  
Demographic variables: age, gender, height, weight, smoking 
status, hypertension, diabetes mellitus, dyslipidemia, family 
history of CAD, obesity. Clinical variables: chest pain, 
shortness of breath, loss of consciousness. Biochemical 
variables: troponin I, CK-MB, fasting lipid profile. Electro-
cardiographic variables: ST-segment depression in lead 
aVL ≥ 1 mm, no ST-segment depression in aVL ≥ 1mm. 
Echocardiographic variables: Left Ventricular Ejection 
Fraction (LVEF %), mitral regurgitation (mild/moderate/ 
severe). Coronary angiographic variables: site of lesion, 
percentage of lesion, infarct related artery, dominance, 
number of artery involved.

Coronary angiogram 
Coronary angiogram was performed in these respective 
patients. Angiographic variables of the infarct related vessel 
were compared between two groups to identify in which 
group RCA was more likely to be the culprit artery. Patients 
were followed up throughout their hospital stay up to 
discharge and event of complications, if any, were noted. 

Accuracy of a screening test against an established diagnosis

Before going to the test findings, it would be worthwhile to 
interpret the components of accuracy of a screening test 
against a confirmatory diagnosis, which is considered as the 
‘Gold Standard’. The letter ‘a’ denotes those individuals 
having lead aVL ST-depression of 1mm/more and in CAG 
infarct related artery is RCA (i.e., true positives). While ‘b’ 
includes those individuals having lead aVL ST-depression 
of 1mm/more but in CAG infarct related artery is not RCA 
(i.e., false positives). The letter ‘c’ is individuals who do not 
have lead aVL ST-depression of 1 mm/more but in CAG 
infarct related artery is LCX (i.e., false negatives) and the 
letter ‘d’ number of individuals who do not have lead aVL 
ST-depression of 1mm/more and also in CAG infarct related 
artery is not LCX (i.e., true negatives).

Data Analysis
Data were processed and analyzed using SPSS (Statistical 
Package for Social Sciences), version 16. The test statistics 
used to analyze the data were descriptive statistics, 
Chi-square (χ2), Unpaired t-Test. The level of significance 
was set 0.05 and p < 0.05 was considered significant.  

Result
The present study was conducted to see the diagnostic 
accuracy of ST-segment depression in lead aVL in predict-
ing the culprit artery in ST-elevated acute inferior myocardi-
al infarction. The study included a total of 98 patients of 
acute ST-segment elevation inferior wall myocardial infarc-
tion. The patients were divided into two groups: Group-I 
having ST-segment depression ≥ 1mm in lead aVL (n=52) 
and Group-II having no or <1mm ST-segment depression in 
lead aVL (n = 46). All the baseline characteristics, angio-
graphic findings and outcome data were then compared 
between the two groups.

Age distribution between Group-I and Group-II was almost 
identical with mean ages of group I and group II being 50.9 
± 9.4 and 54.8 ± 12.6 years respectively (p = 0.089). Males 
were predominant in both groups with no significant 
intergroup difference (p = 0.442). Over 69.2% of Group-I 
and 56.5% of Group-II were current smoker (p = 0.066). 
Around 40% of both groups were diabetics, 44% were 
hypertension and more than 30% had family history 
ischemic heart diseases. The differences between the groups 
with respect to these variables were not significant (p > 
0.05). However, dyslipidemia was less common in Group-I 
than in Group-II (p, 0.014) (Table 1).

In the present study lesion in RCA alone were significantly 
higher in patients of Group-I (88.5%) than those Group-II. 
In Group II though a significant number of patients had 

Table 6: Accuracy of ST-depression in lead aVL in            
predicting infarct-related coronary arteries in ST-elevated 
inferior myocardial infraction

Table 7: Diagnostic Accuracy of ST-segment depression in 
lead aVL of 1mm/more, in predicting RCA as infarct- 
related coronary artery in AMI (Inf) 

Discussion
Although therapeutic strategies for acute coronary 
syndrome have been remarkably improved, AMI still 
remains an important cause of morbidity and mortality. Half 
of AMI related deaths generally occur in the first hour and 
are usually due to the ventricular arrhythmias. The initiation 
of immediate and effective therapy considerably decreases 
the mortality rates of AMI18. Therefore, predicting the site of 
lesion in major coronary arteries using non-invasive proce-
dure like ECG is important to start immediate therapy. 
Various ECG criteria have been suggested to predict the 
culprit artery based on analysis of ST-segment elevation and 
ST-segment depression in different leads12.

The RCA occlusion results in an ST-segment vector     
directed segment and rightward, while in LCX occlusion, 
the vector is directed more posteriorly and leftward. In RCA 
occlusion, there will, therefore be more ST elevation in lead 
III than in lead II, with resultant ST depression in lead I. 
Greater ST segment depression in lead aVL than in lead I 
have also been found to be highly predictive of RCA    
occlusion19. These criteria was more sensitive, more specific 
and less affected by the site of obstruction in the coronary 
artery16.

In many cases the reciprocal changes are the only electro-
cardiographic clue for early diagnosis and localization of 
evolving myocardial infarction20. It was demonstrated that 
in almost all cases of inferior AMI there is transient ST 
depression in aVL during the early stage. In 7.5% of the 
patients, ST depression in aVL is the only early ECG clue to 
the diagnosis of inferior AMI21.

In the present study a total of 98 patients underwent CAG 
were included in the study. Seventy (76.3%) out of 98 
patients of acute inferior wall myocardial infarction had 
lesions in RCA (either in RCA alone or in association with 
LCX and or LAD). Of them 52(69.3%) had significant 
ST-segment depression (ST-segment depression of 1mm or 

more) in lead aVL. 46.9% of the patients had ST depression 
of less than 1 mm. Hasdai et al. (1995)22 discovered that in 
patients with acute inferior wall myocardial infarction, ST 
depression in lead I and aVL were significantly more 
common in RCA occlusion, with a sensitivity of 70% and 
100% respectively, and specificity of 63% and 38%. It was 
also interesting to observe that a few of the enrolled patients 
both in group I and group II had lesions that recanalyzed 
following thrombolysis and had to be subsequently exclud-
ed from the study.

In the present study the mean age of study subjects was 
50.9+ 9.4 for Group I and 54.8+12.6 for Group II. The 
commonest age group was those more than 50 years of age, 
53.8% of Group I and 63.0% of Group II patients. The mean 
age difference was not statistically significant. Jamal et al. 
(2009)23 found the mean age distribution to be 57.7+11.1 
years. Alam et al. (2011)24 found the mean age of the study 
subjects to be 53.6+10.3. The study findings are similar to 
our age groups. There was a male predominance in both the 
groups. In my study, only 4% of group I and 7% of group II 
subjects were female. In Bangladesh various studies showed 
that female patients formed only a small percentage. Alam 
et al. (2011)24 found that 82.7% of his subjects were male 
and only 17.3% were female. Haque et al. (2011)25 discovered 
a male female ratio of 3.1:1. Protective effect of estrogen, 
reduced incidence of smoking among women and a general 
negligence or delay of the females in seeking medical 
advice may be the reason why we had fewer females in the 
overall study.

Study showed that Over 69.2% of Group-I and 56.5% of 
Group-II were current smoker (p = 0.066). Around 40% of 
both groups were diabetics, 44% were HTN and more than 
30% had family history ischemic heart diseases. The differ-
ences between the groups with respect to these variables 
were not significant (p > 0.05). However, dyslipidemia was 
less common in Group-I than that in Group-II (p = 0.014). 
Hypertension was once again found to be the commonest 
risk factor and dyslipidemia the second most common risk 
factor in study by Kanai et al. (2010)26. Smoking was found 
to be the commonest risk factor in studies done by Jamal et 
al. (2009)23, Alam et al. (2011)24 and Haque et al. (2011)25 
respectively which match with our study. 

Lesion in RCA alone were significantly higher in patients of 
Group-I (88.5%) than those in patients of Group-II (p = 
0.001). Mid and distal lesions were significantly higher in 
RCA lesions of Group-I and proximal lesions were more 
common in the RCA and LCX lesions in group II (p=0.05) 
Coronary angiogram showed that both the groups had 
severe lesions (in terms of percentage of lesion). In terms of 
number of vessels involved there was more single vessel 
disease involvement in Group I and double vessel disease 
and triple vessel disease was more prevalent then single 
vessel disease in Group II (p = 0.213).

Laila N et al.ST-Segment Depression in Lead aVL Predicts the Right Coronary Artery as the Culprit
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Introduction
Coronary heart disease is a worldwide epidemic accounting 
for 30 percent of all deaths. The rising trend of coronary 
heart disease is a consequence of lifestyle changes in devel-
oping countries. Of those dying from cardiovascular 
disease, 80% are in developing countries1. Between 1990 

and 2020, coronary heart disease mortality is expected to 
increase by 120 percent in women and 137 percent in men in 
developing countries with estimated annual number of 
deaths to be 11.1 million in 20202. The South Asian coun-
tries of India, Pakistan, Bangladesh, Sri Lanka and Nepal 
contribute the highest proportion of the burden of the 
cardiovascular diseases (CVDs) compared to any other 
regions3-5. Acute myocardial infarction (AMI) is a major 
component of acute coronary syndrome (ACS) which is 

usually due to anterior and inferior wall involvement6. 
Unlike anterior wall AMI, which is a fairly homogenous 
entity, the extent of acute inferior wall MI depends on the 
infarct related artery and its size7. The mortality and morbid-
ity of AMI inferior depend on the site of coronary artery 
lesion. Proximal RCA occlusion in most cases result in 
RV-infarction which has significantly higher incidence of 
hypotension, arrhythmia, conduction disturbance and death. 
LCX occlusion has been associated with a larger infarct size 
and a higher complication rate like atrial fibrillation (AF), 
cardiogenic shock and death8.

Diagnosis of acute myocardial infarction is based on a histo-
ry of acute chest pain in conjugation with ECG criteria and 
laboratory findings. Although new laboratory methods such 
as measurement of Troponin I have emerged, the ECG is 
still the most readily available and fastest method of 
diagnosing AMI9. ECG plays a crucial role because it is 
cheap and universally available. ECG information about the 
culprit artery in inferior wall myocardial infarction is 
important because the prognosis and therapeutic strategy 
may vary between LCX and RCA related inferior MI10.

Various ECG criteria have been suggested to predict the 
culprit artery based on analysis of ST-segment elevation and 
ST-segment depression in different leads11. Verouden et al. 
(2009)12 found that ST-segment elevation in lead III more 
than that in lead II, combined with ST-segment depression 
in lead I or aVL predicts RCA as the culprit artery. Niar and 
Glancy, (2002)13 stated that ST-segment elevation in lead II 
more than that in lead III predicted LCX as the culprit artery 
with 40% sensitivity and 96% specificity. Fiol et al. (2004)14 
calculated the ratio of the sum of ST-depression in leads 
V1–V3 divided by the sum of ST-elevation in leads II, aVF, 
and III. If the calculated ratio was found to be equal to or 
less than 1, RCA was the culprit artery. Kosuge et al. 
(1998)15 reported that the magnitude of ST depression in 
lead V3 relative to the ST elevation in lead III (V3: III ratio) 
was useful in distinguishing the culprit artery in acute inferi-
or myocardial infarction. A V3: III ratio of < 0.5 indicated a 
proximal RCA occlusion; a V3: III ratio of 0.5 to 1.2 
indicated a distal RCA occlusion; and a V3: III ratio of > 1.2 
indicated LCX lesion. When occlusion in RCA is located 
proximally to the right ventricular (RV) branch, the right 
ventricle will be ischemic and subsequently infarcted. 
ST-segment elevation in right precordial lead (lead V4R) 
stands for RV infarct where the culprit artery is RCA15.

Significant ST-segment depression in lead aVL was more 
common in the RCA group, with a sensitivity of 94% and a 
specificity of 71%. Deeper ST-segment depression in lead 
aVL than that in lead I was found in 88% of RCA group and 
6% of LCX group. Higher ST-segment elevation in lead III 
than that in lead II was found in 80% of the RCA group and 
in 6% of LCX group. Both criteria were positive in 70% of 
the patients in RCA group and none in LCX group, whereas 

both were negative in 88% of LCX patients and none of the 
RCA patients16.

Lead aVL faces the superolateral wall of the left ventricle 
and is, therefore, the most sensitive lead reciprocal to the 
inferior wall. Thus ST-segment depression in aVL is highly 
suggestive of RCA occlusion, whereas ST-segment elevation 
in posterior leads without ST-segment depression in aVL is 
highly sensitive and specific for occlusion of the circumflex 
artery17. In addition, ST-segment depression that is greater 
in lead aVL than that in lead I is highly specific (92%) for 
RCA occlusions16. This ECG pattern is almost 6 times as 
common in RCA occlusion (47%) than in circumflex artery 
occlusion (8%). These ECG changes help clinicians identify 
the occluded vessel before PCI which can help in stratifying 
risk and planning the procedure, and in identifying re-occlu-
sion after coronary interventions.

Thus ST-segment depression in lead aVL can be useful in 
the identification of occlusion in RCA. In Bangladesh sever-
al studies have been carried out to correlate ST-segment 
deviation in various ECG leads with the angiographic 
findings to find out culprit artery in ST-segment elevation 
inferior myocardial infarction. No study involving correlation 
of ST depression in lead aVL in AMI inferior with coronary 
angiographic profile has been done yet. The purpose of this 
study was to evaluate the clinical significance of ST- 
segment depression in lead aVL during acute inferior ST 
elevation myocardial infarction, and correlate this with the 
coronary angiographic findings directed to find the diagnostic 
accuracy of ST-segment depression in lead aVL in predicting 
the culprit artery in ST-elevation inferior myocardial    
infarction in our population.

Materials and methods
This cross-sectional study was carried out in Department of 
Cardiology, National Heart Foundation Hospital and 
Research Institute, Mirpur, Dhaka, Bangladesh from 
September 2013 to September 2014. The study included 
patients who presented with ST-segment elevated inferior 
myocardial infarction and later underwent coronary angio-
gram. Clinical and angiographic finding were compared 
between two groups of patients – one group having ST- 
segment depression 1mm or more in lead aVL (Group-I) 
and another group having less than 1mm ST-segment 
depression in lead aVL (Group-II). A total of 98 patients 
were successfully selected considering the inclusion and 
exclusion criteria, and enrolled into the study. Data were 
collected using a structured questionnaire containing all the 
variables of interest.

Patients selection and grouping 
Patients who presented with typical ischemic chest pain for 
>30mins and evolving characteristic ECG abnormalities 
that showed ST-segment elevation in >2 inferior leads (lead 
II, III, aVF) and an increase in cardiac biomarkers >2 UNL 

RCA as the IRA (63%), but a major subset also had LCX as 
the IRA (37%). (p = 0.001). (Fig: 1). Mid and distal lesions 
were significantly more common in RCA of Group-I than 
those in Group-II.  There is more proximal involvement of 
LCX of group II patients then in group I (p = 0.05) (Table 2). 
There were more SVD in Group I and more DVD and TVD 
in Group II (p = 0.001) (Table 3).

In the present study there was no significant difference 
between Group-I and Group-II with respect to in-hospital 
complications like hypotension, cardiogenic shock, acute 
LVF, arrhythmia, persistent chest pain and A-V block (p = 
0.421, p = 0.356, p = 0.098p = 0.309, p = 0.590 and p = 
0.558 respectively. More of Group I patients had episodes of 
hypotension. More of the Group II patients had evidence of 
left ventricular failure which was subsequently managed 
conservatively. One of the Group I patients had developed 
complete heart block and TPM was inserted, he reverted to 
sinus rhythm two days after thrombolysis (Table 4).  Right 
coronary artery dominance was common in both groups. 
Left dominance was found in 7.7%% and 10.9 % in group I 
and group II respectively (p = 0.471). Co-dominance was found 
in 1.9% of Group I and 6.5%% of Group II patients (Table 5).

In this study screening test variable is amplitude of ST-de-
pression in lead aVL and established diagnosis is coronary 
angiogram. The sensitivity of ST-segment depression in 
lead aVL in diagnosing lesion in RCA is 46/75× 100 = 
61.3% and specificity of the test in correctly ruling out those 
who did not have lesion in RCA is 17/23 × 100 = 73.4%. 
The positive and negative predictive values of the diagnostic 
test variables are 88.4% and 36.9% respectively, while the 
percentages of false positive and false negatives are 11.4% 
and 63.0%respectively. The overall diagnostic accuracy of 
ST-segment depression in lead aVL is predicting the culprit 
artery in ST-elevated acute inferior myocardial infarction 
68.3 % (Table 6 & 7).

Table 1: Comparison of demographic variables between 
Group I and Group II

NS= Non Significant, S=Significant, 
* Unpaired t test was done. #Chi-squared Test (χ2) was done to analyze the data.

 Fig 1: Distribution of infarct-related artery between groups

Table 2: Comparison of segments of IRA involved between 
groups

Chi-squared Test (χ2) was done to analyze the data. S = Significant.

Table 3: Comparison of number of coronary artery 
involvement between groups

Chi-squared Test (χ2) was done to analyze the data. S = Significant.

Table 4:  Comparison of In-hospital complications between groups

Chi-square Test (χ2) was done. *Fisher’s Exact Test was done; NS= Non 
Significant, S=Significant.

Table 5. Comparison of coronary artery dominance 
between groups (N=98)

Chi-squared Test (χ2) was done to analyze the data. NS= Non Significant

& underwent either primary PCI or coronary angiogram 
following thrombolysis were included in the study.  Patients 
who have previous myocardial infarction, associated acute 
anterior myocardial infarction, significant stenosis of both 
RCA and LCX were excluded unless confirmed by operator, 
history of cerebrovascular disease, concomitant co-morbid 
conditions that makes the patient unsuitable for CAG, with 
factors potentially confounding the ECG interpreta-
tion-Bundle branch block, WPW syndrome, paced rhythm, 
low voltage ECG, poor quality and incomplete ECG were 
excluded from the study. 

The following procedures were adopted step-wise to 
conduct the study:
Among the admitted patients, ST-segment elevated inferior 
myocardial infarction cases were isolated based on the 
history of typical chest pain for >30 mins, ST -segment 
elevation of more than 1 mm in at least 2 of 3 inferior leads 
in 12 lead ECG and the typical increase in cardiac enzymes 
during acute phase. Patients who were thrombolysed outside 
NHFH, their first baseline ECG done outside were collect-
ed. They were enrolled in the study if they gave consent for 
CAG at NHFH. Both acute inferior wall MI patients that 
underwent primary PCI and those that had undergone 
thrombolysis at NHFH who subsequently gave consent for 
CAG were selected in the study.

Patients were stratified into 2 groups:

Group I: Acute STEMI (Inferior) patients with ST-segment 
depression 1mm or more in lead aVL.

Group II: Patients having no/ ST-segment depression in 
lead aVL of less than 1mm.

Variables
The variables studied were as follows:  
Demographic variables: age, gender, height, weight, smoking 
status, hypertension, diabetes mellitus, dyslipidemia, family 
history of CAD, obesity. Clinical variables: chest pain, 
shortness of breath, loss of consciousness. Biochemical 
variables: troponin I, CK-MB, fasting lipid profile. Electro-
cardiographic variables: ST-segment depression in lead 
aVL ≥ 1 mm, no ST-segment depression in aVL ≥ 1mm. 
Echocardiographic variables: Left Ventricular Ejection 
Fraction (LVEF %), mitral regurgitation (mild/moderate/ 
severe). Coronary angiographic variables: site of lesion, 
percentage of lesion, infarct related artery, dominance, 
number of artery involved.

Coronary angiogram 
Coronary angiogram was performed in these respective 
patients. Angiographic variables of the infarct related vessel 
were compared between two groups to identify in which 
group RCA was more likely to be the culprit artery. Patients 
were followed up throughout their hospital stay up to 
discharge and event of complications, if any, were noted. 

Accuracy of a screening test against an established diagnosis

Before going to the test findings, it would be worthwhile to 
interpret the components of accuracy of a screening test 
against a confirmatory diagnosis, which is considered as the 
‘Gold Standard’. The letter ‘a’ denotes those individuals 
having lead aVL ST-depression of 1mm/more and in CAG 
infarct related artery is RCA (i.e., true positives). While ‘b’ 
includes those individuals having lead aVL ST-depression 
of 1mm/more but in CAG infarct related artery is not RCA 
(i.e., false positives). The letter ‘c’ is individuals who do not 
have lead aVL ST-depression of 1 mm/more but in CAG 
infarct related artery is LCX (i.e., false negatives) and the 
letter ‘d’ number of individuals who do not have lead aVL 
ST-depression of 1mm/more and also in CAG infarct related 
artery is not LCX (i.e., true negatives).

Data Analysis
Data were processed and analyzed using SPSS (Statistical 
Package for Social Sciences), version 16. The test statistics 
used to analyze the data were descriptive statistics, 
Chi-square (χ2), Unpaired t-Test. The level of significance 
was set 0.05 and p < 0.05 was considered significant.  

Result
The present study was conducted to see the diagnostic 
accuracy of ST-segment depression in lead aVL in predict-
ing the culprit artery in ST-elevated acute inferior myocardi-
al infarction. The study included a total of 98 patients of 
acute ST-segment elevation inferior wall myocardial infarc-
tion. The patients were divided into two groups: Group-I 
having ST-segment depression ≥ 1mm in lead aVL (n=52) 
and Group-II having no or <1mm ST-segment depression in 
lead aVL (n = 46). All the baseline characteristics, angio-
graphic findings and outcome data were then compared 
between the two groups.

Age distribution between Group-I and Group-II was almost 
identical with mean ages of group I and group II being 50.9 
± 9.4 and 54.8 ± 12.6 years respectively (p = 0.089). Males 
were predominant in both groups with no significant 
intergroup difference (p = 0.442). Over 69.2% of Group-I 
and 56.5% of Group-II were current smoker (p = 0.066). 
Around 40% of both groups were diabetics, 44% were 
hypertension and more than 30% had family history 
ischemic heart diseases. The differences between the groups 
with respect to these variables were not significant (p > 
0.05). However, dyslipidemia was less common in Group-I 
than in Group-II (p, 0.014) (Table 1).

In the present study lesion in RCA alone were significantly 
higher in patients of Group-I (88.5%) than those Group-II. 
In Group II though a significant number of patients had 

Table 6: Accuracy of ST-depression in lead aVL in            
predicting infarct-related coronary arteries in ST-elevated 
inferior myocardial infraction

Table 7: Diagnostic Accuracy of ST-segment depression in 
lead aVL of 1mm/more, in predicting RCA as infarct- 
related coronary artery in AMI (Inf) 

Discussion
Although therapeutic strategies for acute coronary 
syndrome have been remarkably improved, AMI still 
remains an important cause of morbidity and mortality. Half 
of AMI related deaths generally occur in the first hour and 
are usually due to the ventricular arrhythmias. The initiation 
of immediate and effective therapy considerably decreases 
the mortality rates of AMI18. Therefore, predicting the site of 
lesion in major coronary arteries using non-invasive proce-
dure like ECG is important to start immediate therapy. 
Various ECG criteria have been suggested to predict the 
culprit artery based on analysis of ST-segment elevation and 
ST-segment depression in different leads12.

The RCA occlusion results in an ST-segment vector     
directed segment and rightward, while in LCX occlusion, 
the vector is directed more posteriorly and leftward. In RCA 
occlusion, there will, therefore be more ST elevation in lead 
III than in lead II, with resultant ST depression in lead I. 
Greater ST segment depression in lead aVL than in lead I 
have also been found to be highly predictive of RCA    
occlusion19. These criteria was more sensitive, more specific 
and less affected by the site of obstruction in the coronary 
artery16.

In many cases the reciprocal changes are the only electro-
cardiographic clue for early diagnosis and localization of 
evolving myocardial infarction20. It was demonstrated that 
in almost all cases of inferior AMI there is transient ST 
depression in aVL during the early stage. In 7.5% of the 
patients, ST depression in aVL is the only early ECG clue to 
the diagnosis of inferior AMI21.

In the present study a total of 98 patients underwent CAG 
were included in the study. Seventy (76.3%) out of 98 
patients of acute inferior wall myocardial infarction had 
lesions in RCA (either in RCA alone or in association with 
LCX and or LAD). Of them 52(69.3%) had significant 
ST-segment depression (ST-segment depression of 1mm or 

more) in lead aVL. 46.9% of the patients had ST depression 
of less than 1 mm. Hasdai et al. (1995)22 discovered that in 
patients with acute inferior wall myocardial infarction, ST 
depression in lead I and aVL were significantly more 
common in RCA occlusion, with a sensitivity of 70% and 
100% respectively, and specificity of 63% and 38%. It was 
also interesting to observe that a few of the enrolled patients 
both in group I and group II had lesions that recanalyzed 
following thrombolysis and had to be subsequently exclud-
ed from the study.

In the present study the mean age of study subjects was 
50.9+ 9.4 for Group I and 54.8+12.6 for Group II. The 
commonest age group was those more than 50 years of age, 
53.8% of Group I and 63.0% of Group II patients. The mean 
age difference was not statistically significant. Jamal et al. 
(2009)23 found the mean age distribution to be 57.7+11.1 
years. Alam et al. (2011)24 found the mean age of the study 
subjects to be 53.6+10.3. The study findings are similar to 
our age groups. There was a male predominance in both the 
groups. In my study, only 4% of group I and 7% of group II 
subjects were female. In Bangladesh various studies showed 
that female patients formed only a small percentage. Alam 
et al. (2011)24 found that 82.7% of his subjects were male 
and only 17.3% were female. Haque et al. (2011)25 discovered 
a male female ratio of 3.1:1. Protective effect of estrogen, 
reduced incidence of smoking among women and a general 
negligence or delay of the females in seeking medical 
advice may be the reason why we had fewer females in the 
overall study.

Study showed that Over 69.2% of Group-I and 56.5% of 
Group-II were current smoker (p = 0.066). Around 40% of 
both groups were diabetics, 44% were HTN and more than 
30% had family history ischemic heart diseases. The differ-
ences between the groups with respect to these variables 
were not significant (p > 0.05). However, dyslipidemia was 
less common in Group-I than that in Group-II (p = 0.014). 
Hypertension was once again found to be the commonest 
risk factor and dyslipidemia the second most common risk 
factor in study by Kanai et al. (2010)26. Smoking was found 
to be the commonest risk factor in studies done by Jamal et 
al. (2009)23, Alam et al. (2011)24 and Haque et al. (2011)25 
respectively which match with our study. 

Lesion in RCA alone were significantly higher in patients of 
Group-I (88.5%) than those in patients of Group-II (p = 
0.001). Mid and distal lesions were significantly higher in 
RCA lesions of Group-I and proximal lesions were more 
common in the RCA and LCX lesions in group II (p=0.05) 
Coronary angiogram showed that both the groups had 
severe lesions (in terms of percentage of lesion). In terms of 
number of vessels involved there was more single vessel 
disease involvement in Group I and double vessel disease 
and triple vessel disease was more prevalent then single 
vessel disease in Group II (p = 0.213).

Screening test  Established diagnosis  Total  

 +ve -ve 
+ve a b (a + b)  
-ve c d (c + d) 
Total  (a + c) (b + d)  (a + b + c + d)

Laila N et al.JNHFB Jan 2019
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Introduction
Coronary heart disease is a worldwide epidemic accounting 
for 30 percent of all deaths. The rising trend of coronary 
heart disease is a consequence of lifestyle changes in devel-
oping countries. Of those dying from cardiovascular 
disease, 80% are in developing countries1. Between 1990 

and 2020, coronary heart disease mortality is expected to 
increase by 120 percent in women and 137 percent in men in 
developing countries with estimated annual number of 
deaths to be 11.1 million in 20202. The South Asian coun-
tries of India, Pakistan, Bangladesh, Sri Lanka and Nepal 
contribute the highest proportion of the burden of the 
cardiovascular diseases (CVDs) compared to any other 
regions3-5. Acute myocardial infarction (AMI) is a major 
component of acute coronary syndrome (ACS) which is 

usually due to anterior and inferior wall involvement6. 
Unlike anterior wall AMI, which is a fairly homogenous 
entity, the extent of acute inferior wall MI depends on the 
infarct related artery and its size7. The mortality and morbid-
ity of AMI inferior depend on the site of coronary artery 
lesion. Proximal RCA occlusion in most cases result in 
RV-infarction which has significantly higher incidence of 
hypotension, arrhythmia, conduction disturbance and death. 
LCX occlusion has been associated with a larger infarct size 
and a higher complication rate like atrial fibrillation (AF), 
cardiogenic shock and death8.

Diagnosis of acute myocardial infarction is based on a histo-
ry of acute chest pain in conjugation with ECG criteria and 
laboratory findings. Although new laboratory methods such 
as measurement of Troponin I have emerged, the ECG is 
still the most readily available and fastest method of 
diagnosing AMI9. ECG plays a crucial role because it is 
cheap and universally available. ECG information about the 
culprit artery in inferior wall myocardial infarction is 
important because the prognosis and therapeutic strategy 
may vary between LCX and RCA related inferior MI10.

Various ECG criteria have been suggested to predict the 
culprit artery based on analysis of ST-segment elevation and 
ST-segment depression in different leads11. Verouden et al. 
(2009)12 found that ST-segment elevation in lead III more 
than that in lead II, combined with ST-segment depression 
in lead I or aVL predicts RCA as the culprit artery. Niar and 
Glancy, (2002)13 stated that ST-segment elevation in lead II 
more than that in lead III predicted LCX as the culprit artery 
with 40% sensitivity and 96% specificity. Fiol et al. (2004)14 
calculated the ratio of the sum of ST-depression in leads 
V1–V3 divided by the sum of ST-elevation in leads II, aVF, 
and III. If the calculated ratio was found to be equal to or 
less than 1, RCA was the culprit artery. Kosuge et al. 
(1998)15 reported that the magnitude of ST depression in 
lead V3 relative to the ST elevation in lead III (V3: III ratio) 
was useful in distinguishing the culprit artery in acute inferi-
or myocardial infarction. A V3: III ratio of < 0.5 indicated a 
proximal RCA occlusion; a V3: III ratio of 0.5 to 1.2 
indicated a distal RCA occlusion; and a V3: III ratio of > 1.2 
indicated LCX lesion. When occlusion in RCA is located 
proximally to the right ventricular (RV) branch, the right 
ventricle will be ischemic and subsequently infarcted. 
ST-segment elevation in right precordial lead (lead V4R) 
stands for RV infarct where the culprit artery is RCA15.

Significant ST-segment depression in lead aVL was more 
common in the RCA group, with a sensitivity of 94% and a 
specificity of 71%. Deeper ST-segment depression in lead 
aVL than that in lead I was found in 88% of RCA group and 
6% of LCX group. Higher ST-segment elevation in lead III 
than that in lead II was found in 80% of the RCA group and 
in 6% of LCX group. Both criteria were positive in 70% of 
the patients in RCA group and none in LCX group, whereas 

both were negative in 88% of LCX patients and none of the 
RCA patients16.

Lead aVL faces the superolateral wall of the left ventricle 
and is, therefore, the most sensitive lead reciprocal to the 
inferior wall. Thus ST-segment depression in aVL is highly 
suggestive of RCA occlusion, whereas ST-segment elevation 
in posterior leads without ST-segment depression in aVL is 
highly sensitive and specific for occlusion of the circumflex 
artery17. In addition, ST-segment depression that is greater 
in lead aVL than that in lead I is highly specific (92%) for 
RCA occlusions16. This ECG pattern is almost 6 times as 
common in RCA occlusion (47%) than in circumflex artery 
occlusion (8%). These ECG changes help clinicians identify 
the occluded vessel before PCI which can help in stratifying 
risk and planning the procedure, and in identifying re-occlu-
sion after coronary interventions.

Thus ST-segment depression in lead aVL can be useful in 
the identification of occlusion in RCA. In Bangladesh sever-
al studies have been carried out to correlate ST-segment 
deviation in various ECG leads with the angiographic 
findings to find out culprit artery in ST-segment elevation 
inferior myocardial infarction. No study involving correlation 
of ST depression in lead aVL in AMI inferior with coronary 
angiographic profile has been done yet. The purpose of this 
study was to evaluate the clinical significance of ST- 
segment depression in lead aVL during acute inferior ST 
elevation myocardial infarction, and correlate this with the 
coronary angiographic findings directed to find the diagnostic 
accuracy of ST-segment depression in lead aVL in predicting 
the culprit artery in ST-elevation inferior myocardial    
infarction in our population.

Materials and methods
This cross-sectional study was carried out in Department of 
Cardiology, National Heart Foundation Hospital and 
Research Institute, Mirpur, Dhaka, Bangladesh from 
September 2013 to September 2014. The study included 
patients who presented with ST-segment elevated inferior 
myocardial infarction and later underwent coronary angio-
gram. Clinical and angiographic finding were compared 
between two groups of patients – one group having ST- 
segment depression 1mm or more in lead aVL (Group-I) 
and another group having less than 1mm ST-segment 
depression in lead aVL (Group-II). A total of 98 patients 
were successfully selected considering the inclusion and 
exclusion criteria, and enrolled into the study. Data were 
collected using a structured questionnaire containing all the 
variables of interest.

Patients selection and grouping 
Patients who presented with typical ischemic chest pain for 
>30mins and evolving characteristic ECG abnormalities 
that showed ST-segment elevation in >2 inferior leads (lead 
II, III, aVF) and an increase in cardiac biomarkers >2 UNL 

RCA as the IRA (63%), but a major subset also had LCX as 
the IRA (37%). (p = 0.001). (Fig: 1). Mid and distal lesions 
were significantly more common in RCA of Group-I than 
those in Group-II.  There is more proximal involvement of 
LCX of group II patients then in group I (p = 0.05) (Table 2). 
There were more SVD in Group I and more DVD and TVD 
in Group II (p = 0.001) (Table 3).

In the present study there was no significant difference 
between Group-I and Group-II with respect to in-hospital 
complications like hypotension, cardiogenic shock, acute 
LVF, arrhythmia, persistent chest pain and A-V block (p = 
0.421, p = 0.356, p = 0.098p = 0.309, p = 0.590 and p = 
0.558 respectively. More of Group I patients had episodes of 
hypotension. More of the Group II patients had evidence of 
left ventricular failure which was subsequently managed 
conservatively. One of the Group I patients had developed 
complete heart block and TPM was inserted, he reverted to 
sinus rhythm two days after thrombolysis (Table 4).  Right 
coronary artery dominance was common in both groups. 
Left dominance was found in 7.7%% and 10.9 % in group I 
and group II respectively (p = 0.471). Co-dominance was found 
in 1.9% of Group I and 6.5%% of Group II patients (Table 5).

In this study screening test variable is amplitude of ST-de-
pression in lead aVL and established diagnosis is coronary 
angiogram. The sensitivity of ST-segment depression in 
lead aVL in diagnosing lesion in RCA is 46/75× 100 = 
61.3% and specificity of the test in correctly ruling out those 
who did not have lesion in RCA is 17/23 × 100 = 73.4%. 
The positive and negative predictive values of the diagnostic 
test variables are 88.4% and 36.9% respectively, while the 
percentages of false positive and false negatives are 11.4% 
and 63.0%respectively. The overall diagnostic accuracy of 
ST-segment depression in lead aVL is predicting the culprit 
artery in ST-elevated acute inferior myocardial infarction 
68.3 % (Table 6 & 7).

Table 1: Comparison of demographic variables between 
Group I and Group II

NS= Non Significant, S=Significant, 
* Unpaired t test was done. #Chi-squared Test (χ2) was done to analyze the data.

 Fig 1: Distribution of infarct-related artery between groups

Table 2: Comparison of segments of IRA involved between 
groups

Chi-squared Test (χ2) was done to analyze the data. S = Significant.

Table 3: Comparison of number of coronary artery 
involvement between groups

Chi-squared Test (χ2) was done to analyze the data. S = Significant.

Table 4:  Comparison of In-hospital complications between groups

Chi-square Test (χ2) was done. *Fisher’s Exact Test was done; NS= Non 
Significant, S=Significant.

Table 5. Comparison of coronary artery dominance 
between groups (N=98)

Chi-squared Test (χ2) was done to analyze the data. NS= Non Significant

& underwent either primary PCI or coronary angiogram 
following thrombolysis were included in the study.  Patients 
who have previous myocardial infarction, associated acute 
anterior myocardial infarction, significant stenosis of both 
RCA and LCX were excluded unless confirmed by operator, 
history of cerebrovascular disease, concomitant co-morbid 
conditions that makes the patient unsuitable for CAG, with 
factors potentially confounding the ECG interpreta-
tion-Bundle branch block, WPW syndrome, paced rhythm, 
low voltage ECG, poor quality and incomplete ECG were 
excluded from the study. 

The following procedures were adopted step-wise to 
conduct the study:
Among the admitted patients, ST-segment elevated inferior 
myocardial infarction cases were isolated based on the 
history of typical chest pain for >30 mins, ST -segment 
elevation of more than 1 mm in at least 2 of 3 inferior leads 
in 12 lead ECG and the typical increase in cardiac enzymes 
during acute phase. Patients who were thrombolysed outside 
NHFH, their first baseline ECG done outside were collect-
ed. They were enrolled in the study if they gave consent for 
CAG at NHFH. Both acute inferior wall MI patients that 
underwent primary PCI and those that had undergone 
thrombolysis at NHFH who subsequently gave consent for 
CAG were selected in the study.

Patients were stratified into 2 groups:

Group I: Acute STEMI (Inferior) patients with ST-segment 
depression 1mm or more in lead aVL.

Group II: Patients having no/ ST-segment depression in 
lead aVL of less than 1mm.

Variables
The variables studied were as follows:  
Demographic variables: age, gender, height, weight, smoking 
status, hypertension, diabetes mellitus, dyslipidemia, family 
history of CAD, obesity. Clinical variables: chest pain, 
shortness of breath, loss of consciousness. Biochemical 
variables: troponin I, CK-MB, fasting lipid profile. Electro-
cardiographic variables: ST-segment depression in lead 
aVL ≥ 1 mm, no ST-segment depression in aVL ≥ 1mm. 
Echocardiographic variables: Left Ventricular Ejection 
Fraction (LVEF %), mitral regurgitation (mild/moderate/ 
severe). Coronary angiographic variables: site of lesion, 
percentage of lesion, infarct related artery, dominance, 
number of artery involved.

Coronary angiogram 
Coronary angiogram was performed in these respective 
patients. Angiographic variables of the infarct related vessel 
were compared between two groups to identify in which 
group RCA was more likely to be the culprit artery. Patients 
were followed up throughout their hospital stay up to 
discharge and event of complications, if any, were noted. 

Accuracy of a screening test against an established diagnosis

Before going to the test findings, it would be worthwhile to 
interpret the components of accuracy of a screening test 
against a confirmatory diagnosis, which is considered as the 
‘Gold Standard’. The letter ‘a’ denotes those individuals 
having lead aVL ST-depression of 1mm/more and in CAG 
infarct related artery is RCA (i.e., true positives). While ‘b’ 
includes those individuals having lead aVL ST-depression 
of 1mm/more but in CAG infarct related artery is not RCA 
(i.e., false positives). The letter ‘c’ is individuals who do not 
have lead aVL ST-depression of 1 mm/more but in CAG 
infarct related artery is LCX (i.e., false negatives) and the 
letter ‘d’ number of individuals who do not have lead aVL 
ST-depression of 1mm/more and also in CAG infarct related 
artery is not LCX (i.e., true negatives).

Data Analysis
Data were processed and analyzed using SPSS (Statistical 
Package for Social Sciences), version 16. The test statistics 
used to analyze the data were descriptive statistics, 
Chi-square (χ2), Unpaired t-Test. The level of significance 
was set 0.05 and p < 0.05 was considered significant.  

Result
The present study was conducted to see the diagnostic 
accuracy of ST-segment depression in lead aVL in predict-
ing the culprit artery in ST-elevated acute inferior myocardi-
al infarction. The study included a total of 98 patients of 
acute ST-segment elevation inferior wall myocardial infarc-
tion. The patients were divided into two groups: Group-I 
having ST-segment depression ≥ 1mm in lead aVL (n=52) 
and Group-II having no or <1mm ST-segment depression in 
lead aVL (n = 46). All the baseline characteristics, angio-
graphic findings and outcome data were then compared 
between the two groups.

Age distribution between Group-I and Group-II was almost 
identical with mean ages of group I and group II being 50.9 
± 9.4 and 54.8 ± 12.6 years respectively (p = 0.089). Males 
were predominant in both groups with no significant 
intergroup difference (p = 0.442). Over 69.2% of Group-I 
and 56.5% of Group-II were current smoker (p = 0.066). 
Around 40% of both groups were diabetics, 44% were 
hypertension and more than 30% had family history 
ischemic heart diseases. The differences between the groups 
with respect to these variables were not significant (p > 
0.05). However, dyslipidemia was less common in Group-I 
than in Group-II (p, 0.014) (Table 1).

In the present study lesion in RCA alone were significantly 
higher in patients of Group-I (88.5%) than those Group-II. 
In Group II though a significant number of patients had 

Table 6: Accuracy of ST-depression in lead aVL in            
predicting infarct-related coronary arteries in ST-elevated 
inferior myocardial infraction

Table 7: Diagnostic Accuracy of ST-segment depression in 
lead aVL of 1mm/more, in predicting RCA as infarct- 
related coronary artery in AMI (Inf) 

Discussion
Although therapeutic strategies for acute coronary 
syndrome have been remarkably improved, AMI still 
remains an important cause of morbidity and mortality. Half 
of AMI related deaths generally occur in the first hour and 
are usually due to the ventricular arrhythmias. The initiation 
of immediate and effective therapy considerably decreases 
the mortality rates of AMI18. Therefore, predicting the site of 
lesion in major coronary arteries using non-invasive proce-
dure like ECG is important to start immediate therapy. 
Various ECG criteria have been suggested to predict the 
culprit artery based on analysis of ST-segment elevation and 
ST-segment depression in different leads12.

The RCA occlusion results in an ST-segment vector     
directed segment and rightward, while in LCX occlusion, 
the vector is directed more posteriorly and leftward. In RCA 
occlusion, there will, therefore be more ST elevation in lead 
III than in lead II, with resultant ST depression in lead I. 
Greater ST segment depression in lead aVL than in lead I 
have also been found to be highly predictive of RCA    
occlusion19. These criteria was more sensitive, more specific 
and less affected by the site of obstruction in the coronary 
artery16.

In many cases the reciprocal changes are the only electro-
cardiographic clue for early diagnosis and localization of 
evolving myocardial infarction20. It was demonstrated that 
in almost all cases of inferior AMI there is transient ST 
depression in aVL during the early stage. In 7.5% of the 
patients, ST depression in aVL is the only early ECG clue to 
the diagnosis of inferior AMI21.

In the present study a total of 98 patients underwent CAG 
were included in the study. Seventy (76.3%) out of 98 
patients of acute inferior wall myocardial infarction had 
lesions in RCA (either in RCA alone or in association with 
LCX and or LAD). Of them 52(69.3%) had significant 
ST-segment depression (ST-segment depression of 1mm or 

more) in lead aVL. 46.9% of the patients had ST depression 
of less than 1 mm. Hasdai et al. (1995)22 discovered that in 
patients with acute inferior wall myocardial infarction, ST 
depression in lead I and aVL were significantly more 
common in RCA occlusion, with a sensitivity of 70% and 
100% respectively, and specificity of 63% and 38%. It was 
also interesting to observe that a few of the enrolled patients 
both in group I and group II had lesions that recanalyzed 
following thrombolysis and had to be subsequently exclud-
ed from the study.

In the present study the mean age of study subjects was 
50.9+ 9.4 for Group I and 54.8+12.6 for Group II. The 
commonest age group was those more than 50 years of age, 
53.8% of Group I and 63.0% of Group II patients. The mean 
age difference was not statistically significant. Jamal et al. 
(2009)23 found the mean age distribution to be 57.7+11.1 
years. Alam et al. (2011)24 found the mean age of the study 
subjects to be 53.6+10.3. The study findings are similar to 
our age groups. There was a male predominance in both the 
groups. In my study, only 4% of group I and 7% of group II 
subjects were female. In Bangladesh various studies showed 
that female patients formed only a small percentage. Alam 
et al. (2011)24 found that 82.7% of his subjects were male 
and only 17.3% were female. Haque et al. (2011)25 discovered 
a male female ratio of 3.1:1. Protective effect of estrogen, 
reduced incidence of smoking among women and a general 
negligence or delay of the females in seeking medical 
advice may be the reason why we had fewer females in the 
overall study.

Study showed that Over 69.2% of Group-I and 56.5% of 
Group-II were current smoker (p = 0.066). Around 40% of 
both groups were diabetics, 44% were HTN and more than 
30% had family history ischemic heart diseases. The differ-
ences between the groups with respect to these variables 
were not significant (p > 0.05). However, dyslipidemia was 
less common in Group-I than that in Group-II (p = 0.014). 
Hypertension was once again found to be the commonest 
risk factor and dyslipidemia the second most common risk 
factor in study by Kanai et al. (2010)26. Smoking was found 
to be the commonest risk factor in studies done by Jamal et 
al. (2009)23, Alam et al. (2011)24 and Haque et al. (2011)25 
respectively which match with our study. 

Lesion in RCA alone were significantly higher in patients of 
Group-I (88.5%) than those in patients of Group-II (p = 
0.001). Mid and distal lesions were significantly higher in 
RCA lesions of Group-I and proximal lesions were more 
common in the RCA and LCX lesions in group II (p=0.05) 
Coronary angiogram showed that both the groups had 
severe lesions (in terms of percentage of lesion). In terms of 
number of vessels involved there was more single vessel 
disease involvement in Group I and double vessel disease 
and triple vessel disease was more prevalent then single 
vessel disease in Group II (p = 0.213).

Demographic and risk 
factor variables  

Group s p-value  

Group I  
(n = 52) 

Group II  
(n = 46) 

Age 

<40 9(17.3%) 4(8.7%) 0.423NS# 
40 – 50 15(28.8%) 13(28.3%) 
>50 28(53.8%) 29(63.0%) 
Mean ± SD 50.9 ± 9.4 54.8 ± 12.6 0.089NS* 

Sex  

Male 50(96.2%) 43(93.5%) 0.442NS# 
Female 2(3.8%) 3(6.5%) 

Smoking Habit  

Current 36(69.2%) 26(56.5%) 0.066NS# 
Former 3(5.8%) 10(21.7%) 
Never 13(25.0%) 10(21.7%) 

DM 19(36.5%) 22(47.8%) 0.258 NS# 
HTN 23(44.2%) 20(43.5%) 0.940 NS# 
Dyslipidemia  8(15.4%) 17(37.0%) 0.014S# 
Family H/O IHD  18(34.6%) 15(32.6%) 0.834 NS# 
Obesity  21 (40.4%) 12(2.2%) 0.993NS# 

Segments of the 

infarct -related 
artery involved  

Groups P-value  

Group -I (n = 52) Group -II (n = 46) 

RCA LCX RCA LCX 

Proximal  3(5.0%) 14(30.3%) 11(23.4%) 0.05s 

Mid 23(50%) 3(5.0%) 13(28.2%) 3(6.5) 

Distal  0(0%) 2(4.3%) 3(6.5%) 

Coronary artery Group s P-value  

Group -I (n = 52) Group -II  (n = 46) 

SVD 36(69.2%) 12(47.8%) 0.001s 

DVD 13(25%) 17(37.7%)  

TVD 3(5.8%) 7(15.2%)  

Coronary artery 
dominance  

Group s 
 

p-value  

Group I  (n = 52) Group II  (n = 46) 

Left dominant 4 (7.7) 5 (10.9) 0.427NS 
Right dominant 47 (90.4) 38 (82.6) 
Co-dominant 1 (1.9) 3 (6.5) 

In -hospital complications  Group s P-value  

Group -I 
(n=52 

Group -II  
(n= 46) 

Hypotension  15(28.8%) 10(21.7%) 0.421NS 

Cardiogenic shock* 3(5.8%) 1(2.2%) 0.356 NS 

Heart Failure (Killip class Class-III & IV) 2(3.8%) 6(13.0%) 0.098NS 

Arrhythmias 6(11.5%) 3(6.5%) 0.309NS 

Persistent chest pain 7(13.5%) 8(17.4%) 0.590NS 

A-V block 3(5.8%) 2(4.3%) 0.558NS 

Laila N et al.ST-Segment Depression in Lead aVL Predicts the Right Coronary Artery as the Culprit

RCA RCA

LCX

LCX
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Introduction
Coronary heart disease is a worldwide epidemic accounting 
for 30 percent of all deaths. The rising trend of coronary 
heart disease is a consequence of lifestyle changes in devel-
oping countries. Of those dying from cardiovascular 
disease, 80% are in developing countries1. Between 1990 

and 2020, coronary heart disease mortality is expected to 
increase by 120 percent in women and 137 percent in men in 
developing countries with estimated annual number of 
deaths to be 11.1 million in 20202. The South Asian coun-
tries of India, Pakistan, Bangladesh, Sri Lanka and Nepal 
contribute the highest proportion of the burden of the 
cardiovascular diseases (CVDs) compared to any other 
regions3-5. Acute myocardial infarction (AMI) is a major 
component of acute coronary syndrome (ACS) which is 

usually due to anterior and inferior wall involvement6. 
Unlike anterior wall AMI, which is a fairly homogenous 
entity, the extent of acute inferior wall MI depends on the 
infarct related artery and its size7. The mortality and morbid-
ity of AMI inferior depend on the site of coronary artery 
lesion. Proximal RCA occlusion in most cases result in 
RV-infarction which has significantly higher incidence of 
hypotension, arrhythmia, conduction disturbance and death. 
LCX occlusion has been associated with a larger infarct size 
and a higher complication rate like atrial fibrillation (AF), 
cardiogenic shock and death8.

Diagnosis of acute myocardial infarction is based on a histo-
ry of acute chest pain in conjugation with ECG criteria and 
laboratory findings. Although new laboratory methods such 
as measurement of Troponin I have emerged, the ECG is 
still the most readily available and fastest method of 
diagnosing AMI9. ECG plays a crucial role because it is 
cheap and universally available. ECG information about the 
culprit artery in inferior wall myocardial infarction is 
important because the prognosis and therapeutic strategy 
may vary between LCX and RCA related inferior MI10.

Various ECG criteria have been suggested to predict the 
culprit artery based on analysis of ST-segment elevation and 
ST-segment depression in different leads11. Verouden et al. 
(2009)12 found that ST-segment elevation in lead III more 
than that in lead II, combined with ST-segment depression 
in lead I or aVL predicts RCA as the culprit artery. Niar and 
Glancy, (2002)13 stated that ST-segment elevation in lead II 
more than that in lead III predicted LCX as the culprit artery 
with 40% sensitivity and 96% specificity. Fiol et al. (2004)14 
calculated the ratio of the sum of ST-depression in leads 
V1–V3 divided by the sum of ST-elevation in leads II, aVF, 
and III. If the calculated ratio was found to be equal to or 
less than 1, RCA was the culprit artery. Kosuge et al. 
(1998)15 reported that the magnitude of ST depression in 
lead V3 relative to the ST elevation in lead III (V3: III ratio) 
was useful in distinguishing the culprit artery in acute inferi-
or myocardial infarction. A V3: III ratio of < 0.5 indicated a 
proximal RCA occlusion; a V3: III ratio of 0.5 to 1.2 
indicated a distal RCA occlusion; and a V3: III ratio of > 1.2 
indicated LCX lesion. When occlusion in RCA is located 
proximally to the right ventricular (RV) branch, the right 
ventricle will be ischemic and subsequently infarcted. 
ST-segment elevation in right precordial lead (lead V4R) 
stands for RV infarct where the culprit artery is RCA15.

Significant ST-segment depression in lead aVL was more 
common in the RCA group, with a sensitivity of 94% and a 
specificity of 71%. Deeper ST-segment depression in lead 
aVL than that in lead I was found in 88% of RCA group and 
6% of LCX group. Higher ST-segment elevation in lead III 
than that in lead II was found in 80% of the RCA group and 
in 6% of LCX group. Both criteria were positive in 70% of 
the patients in RCA group and none in LCX group, whereas 

both were negative in 88% of LCX patients and none of the 
RCA patients16.

Lead aVL faces the superolateral wall of the left ventricle 
and is, therefore, the most sensitive lead reciprocal to the 
inferior wall. Thus ST-segment depression in aVL is highly 
suggestive of RCA occlusion, whereas ST-segment elevation 
in posterior leads without ST-segment depression in aVL is 
highly sensitive and specific for occlusion of the circumflex 
artery17. In addition, ST-segment depression that is greater 
in lead aVL than that in lead I is highly specific (92%) for 
RCA occlusions16. This ECG pattern is almost 6 times as 
common in RCA occlusion (47%) than in circumflex artery 
occlusion (8%). These ECG changes help clinicians identify 
the occluded vessel before PCI which can help in stratifying 
risk and planning the procedure, and in identifying re-occlu-
sion after coronary interventions.

Thus ST-segment depression in lead aVL can be useful in 
the identification of occlusion in RCA. In Bangladesh sever-
al studies have been carried out to correlate ST-segment 
deviation in various ECG leads with the angiographic 
findings to find out culprit artery in ST-segment elevation 
inferior myocardial infarction. No study involving correlation 
of ST depression in lead aVL in AMI inferior with coronary 
angiographic profile has been done yet. The purpose of this 
study was to evaluate the clinical significance of ST- 
segment depression in lead aVL during acute inferior ST 
elevation myocardial infarction, and correlate this with the 
coronary angiographic findings directed to find the diagnostic 
accuracy of ST-segment depression in lead aVL in predicting 
the culprit artery in ST-elevation inferior myocardial    
infarction in our population.

Materials and methods
This cross-sectional study was carried out in Department of 
Cardiology, National Heart Foundation Hospital and 
Research Institute, Mirpur, Dhaka, Bangladesh from 
September 2013 to September 2014. The study included 
patients who presented with ST-segment elevated inferior 
myocardial infarction and later underwent coronary angio-
gram. Clinical and angiographic finding were compared 
between two groups of patients – one group having ST- 
segment depression 1mm or more in lead aVL (Group-I) 
and another group having less than 1mm ST-segment 
depression in lead aVL (Group-II). A total of 98 patients 
were successfully selected considering the inclusion and 
exclusion criteria, and enrolled into the study. Data were 
collected using a structured questionnaire containing all the 
variables of interest.

Patients selection and grouping 
Patients who presented with typical ischemic chest pain for 
>30mins and evolving characteristic ECG abnormalities 
that showed ST-segment elevation in >2 inferior leads (lead 
II, III, aVF) and an increase in cardiac biomarkers >2 UNL 

RCA as the IRA (63%), but a major subset also had LCX as 
the IRA (37%). (p = 0.001). (Fig: 1). Mid and distal lesions 
were significantly more common in RCA of Group-I than 
those in Group-II.  There is more proximal involvement of 
LCX of group II patients then in group I (p = 0.05) (Table 2). 
There were more SVD in Group I and more DVD and TVD 
in Group II (p = 0.001) (Table 3).

In the present study there was no significant difference 
between Group-I and Group-II with respect to in-hospital 
complications like hypotension, cardiogenic shock, acute 
LVF, arrhythmia, persistent chest pain and A-V block (p = 
0.421, p = 0.356, p = 0.098p = 0.309, p = 0.590 and p = 
0.558 respectively. More of Group I patients had episodes of 
hypotension. More of the Group II patients had evidence of 
left ventricular failure which was subsequently managed 
conservatively. One of the Group I patients had developed 
complete heart block and TPM was inserted, he reverted to 
sinus rhythm two days after thrombolysis (Table 4).  Right 
coronary artery dominance was common in both groups. 
Left dominance was found in 7.7%% and 10.9 % in group I 
and group II respectively (p = 0.471). Co-dominance was found 
in 1.9% of Group I and 6.5%% of Group II patients (Table 5).

In this study screening test variable is amplitude of ST-de-
pression in lead aVL and established diagnosis is coronary 
angiogram. The sensitivity of ST-segment depression in 
lead aVL in diagnosing lesion in RCA is 46/75× 100 = 
61.3% and specificity of the test in correctly ruling out those 
who did not have lesion in RCA is 17/23 × 100 = 73.4%. 
The positive and negative predictive values of the diagnostic 
test variables are 88.4% and 36.9% respectively, while the 
percentages of false positive and false negatives are 11.4% 
and 63.0%respectively. The overall diagnostic accuracy of 
ST-segment depression in lead aVL is predicting the culprit 
artery in ST-elevated acute inferior myocardial infarction 
68.3 % (Table 6 & 7).

Table 1: Comparison of demographic variables between 
Group I and Group II

NS= Non Significant, S=Significant, 
* Unpaired t test was done. #Chi-squared Test (χ2) was done to analyze the data.

 Fig 1: Distribution of infarct-related artery between groups

Table 2: Comparison of segments of IRA involved between 
groups

Chi-squared Test (χ2) was done to analyze the data. S = Significant.

Table 3: Comparison of number of coronary artery 
involvement between groups

Chi-squared Test (χ2) was done to analyze the data. S = Significant.

Table 4:  Comparison of In-hospital complications between groups

Chi-square Test (χ2) was done. *Fisher’s Exact Test was done; NS= Non 
Significant, S=Significant.

Table 5. Comparison of coronary artery dominance 
between groups (N=98)

Chi-squared Test (χ2) was done to analyze the data. NS= Non Significant

& underwent either primary PCI or coronary angiogram 
following thrombolysis were included in the study.  Patients 
who have previous myocardial infarction, associated acute 
anterior myocardial infarction, significant stenosis of both 
RCA and LCX were excluded unless confirmed by operator, 
history of cerebrovascular disease, concomitant co-morbid 
conditions that makes the patient unsuitable for CAG, with 
factors potentially confounding the ECG interpreta-
tion-Bundle branch block, WPW syndrome, paced rhythm, 
low voltage ECG, poor quality and incomplete ECG were 
excluded from the study. 

The following procedures were adopted step-wise to 
conduct the study:
Among the admitted patients, ST-segment elevated inferior 
myocardial infarction cases were isolated based on the 
history of typical chest pain for >30 mins, ST -segment 
elevation of more than 1 mm in at least 2 of 3 inferior leads 
in 12 lead ECG and the typical increase in cardiac enzymes 
during acute phase. Patients who were thrombolysed outside 
NHFH, their first baseline ECG done outside were collect-
ed. They were enrolled in the study if they gave consent for 
CAG at NHFH. Both acute inferior wall MI patients that 
underwent primary PCI and those that had undergone 
thrombolysis at NHFH who subsequently gave consent for 
CAG were selected in the study.

Patients were stratified into 2 groups:

Group I: Acute STEMI (Inferior) patients with ST-segment 
depression 1mm or more in lead aVL.

Group II: Patients having no/ ST-segment depression in 
lead aVL of less than 1mm.

Variables
The variables studied were as follows:  
Demographic variables: age, gender, height, weight, smoking 
status, hypertension, diabetes mellitus, dyslipidemia, family 
history of CAD, obesity. Clinical variables: chest pain, 
shortness of breath, loss of consciousness. Biochemical 
variables: troponin I, CK-MB, fasting lipid profile. Electro-
cardiographic variables: ST-segment depression in lead 
aVL ≥ 1 mm, no ST-segment depression in aVL ≥ 1mm. 
Echocardiographic variables: Left Ventricular Ejection 
Fraction (LVEF %), mitral regurgitation (mild/moderate/ 
severe). Coronary angiographic variables: site of lesion, 
percentage of lesion, infarct related artery, dominance, 
number of artery involved.

Coronary angiogram 
Coronary angiogram was performed in these respective 
patients. Angiographic variables of the infarct related vessel 
were compared between two groups to identify in which 
group RCA was more likely to be the culprit artery. Patients 
were followed up throughout their hospital stay up to 
discharge and event of complications, if any, were noted. 

Accuracy of a screening test against an established diagnosis

Before going to the test findings, it would be worthwhile to 
interpret the components of accuracy of a screening test 
against a confirmatory diagnosis, which is considered as the 
‘Gold Standard’. The letter ‘a’ denotes those individuals 
having lead aVL ST-depression of 1mm/more and in CAG 
infarct related artery is RCA (i.e., true positives). While ‘b’ 
includes those individuals having lead aVL ST-depression 
of 1mm/more but in CAG infarct related artery is not RCA 
(i.e., false positives). The letter ‘c’ is individuals who do not 
have lead aVL ST-depression of 1 mm/more but in CAG 
infarct related artery is LCX (i.e., false negatives) and the 
letter ‘d’ number of individuals who do not have lead aVL 
ST-depression of 1mm/more and also in CAG infarct related 
artery is not LCX (i.e., true negatives).

Data Analysis
Data were processed and analyzed using SPSS (Statistical 
Package for Social Sciences), version 16. The test statistics 
used to analyze the data were descriptive statistics, 
Chi-square (χ2), Unpaired t-Test. The level of significance 
was set 0.05 and p < 0.05 was considered significant.  

Result
The present study was conducted to see the diagnostic 
accuracy of ST-segment depression in lead aVL in predict-
ing the culprit artery in ST-elevated acute inferior myocardi-
al infarction. The study included a total of 98 patients of 
acute ST-segment elevation inferior wall myocardial infarc-
tion. The patients were divided into two groups: Group-I 
having ST-segment depression ≥ 1mm in lead aVL (n=52) 
and Group-II having no or <1mm ST-segment depression in 
lead aVL (n = 46). All the baseline characteristics, angio-
graphic findings and outcome data were then compared 
between the two groups.

Age distribution between Group-I and Group-II was almost 
identical with mean ages of group I and group II being 50.9 
± 9.4 and 54.8 ± 12.6 years respectively (p = 0.089). Males 
were predominant in both groups with no significant 
intergroup difference (p = 0.442). Over 69.2% of Group-I 
and 56.5% of Group-II were current smoker (p = 0.066). 
Around 40% of both groups were diabetics, 44% were 
hypertension and more than 30% had family history 
ischemic heart diseases. The differences between the groups 
with respect to these variables were not significant (p > 
0.05). However, dyslipidemia was less common in Group-I 
than in Group-II (p, 0.014) (Table 1).

In the present study lesion in RCA alone were significantly 
higher in patients of Group-I (88.5%) than those Group-II. 
In Group II though a significant number of patients had 

Table 6: Accuracy of ST-depression in lead aVL in            
predicting infarct-related coronary arteries in ST-elevated 
inferior myocardial infraction

Table 7: Diagnostic Accuracy of ST-segment depression in 
lead aVL of 1mm/more, in predicting RCA as infarct- 
related coronary artery in AMI (Inf) 

Discussion
Although therapeutic strategies for acute coronary 
syndrome have been remarkably improved, AMI still 
remains an important cause of morbidity and mortality. Half 
of AMI related deaths generally occur in the first hour and 
are usually due to the ventricular arrhythmias. The initiation 
of immediate and effective therapy considerably decreases 
the mortality rates of AMI18. Therefore, predicting the site of 
lesion in major coronary arteries using non-invasive proce-
dure like ECG is important to start immediate therapy. 
Various ECG criteria have been suggested to predict the 
culprit artery based on analysis of ST-segment elevation and 
ST-segment depression in different leads12.

The RCA occlusion results in an ST-segment vector     
directed segment and rightward, while in LCX occlusion, 
the vector is directed more posteriorly and leftward. In RCA 
occlusion, there will, therefore be more ST elevation in lead 
III than in lead II, with resultant ST depression in lead I. 
Greater ST segment depression in lead aVL than in lead I 
have also been found to be highly predictive of RCA    
occlusion19. These criteria was more sensitive, more specific 
and less affected by the site of obstruction in the coronary 
artery16.

In many cases the reciprocal changes are the only electro-
cardiographic clue for early diagnosis and localization of 
evolving myocardial infarction20. It was demonstrated that 
in almost all cases of inferior AMI there is transient ST 
depression in aVL during the early stage. In 7.5% of the 
patients, ST depression in aVL is the only early ECG clue to 
the diagnosis of inferior AMI21.

In the present study a total of 98 patients underwent CAG 
were included in the study. Seventy (76.3%) out of 98 
patients of acute inferior wall myocardial infarction had 
lesions in RCA (either in RCA alone or in association with 
LCX and or LAD). Of them 52(69.3%) had significant 
ST-segment depression (ST-segment depression of 1mm or 

more) in lead aVL. 46.9% of the patients had ST depression 
of less than 1 mm. Hasdai et al. (1995)22 discovered that in 
patients with acute inferior wall myocardial infarction, ST 
depression in lead I and aVL were significantly more 
common in RCA occlusion, with a sensitivity of 70% and 
100% respectively, and specificity of 63% and 38%. It was 
also interesting to observe that a few of the enrolled patients 
both in group I and group II had lesions that recanalyzed 
following thrombolysis and had to be subsequently exclud-
ed from the study.

In the present study the mean age of study subjects was 
50.9+ 9.4 for Group I and 54.8+12.6 for Group II. The 
commonest age group was those more than 50 years of age, 
53.8% of Group I and 63.0% of Group II patients. The mean 
age difference was not statistically significant. Jamal et al. 
(2009)23 found the mean age distribution to be 57.7+11.1 
years. Alam et al. (2011)24 found the mean age of the study 
subjects to be 53.6+10.3. The study findings are similar to 
our age groups. There was a male predominance in both the 
groups. In my study, only 4% of group I and 7% of group II 
subjects were female. In Bangladesh various studies showed 
that female patients formed only a small percentage. Alam 
et al. (2011)24 found that 82.7% of his subjects were male 
and only 17.3% were female. Haque et al. (2011)25 discovered 
a male female ratio of 3.1:1. Protective effect of estrogen, 
reduced incidence of smoking among women and a general 
negligence or delay of the females in seeking medical 
advice may be the reason why we had fewer females in the 
overall study.

Study showed that Over 69.2% of Group-I and 56.5% of 
Group-II were current smoker (p = 0.066). Around 40% of 
both groups were diabetics, 44% were HTN and more than 
30% had family history ischemic heart diseases. The differ-
ences between the groups with respect to these variables 
were not significant (p > 0.05). However, dyslipidemia was 
less common in Group-I than that in Group-II (p = 0.014). 
Hypertension was once again found to be the commonest 
risk factor and dyslipidemia the second most common risk 
factor in study by Kanai et al. (2010)26. Smoking was found 
to be the commonest risk factor in studies done by Jamal et 
al. (2009)23, Alam et al. (2011)24 and Haque et al. (2011)25 
respectively which match with our study. 

Lesion in RCA alone were significantly higher in patients of 
Group-I (88.5%) than those in patients of Group-II (p = 
0.001). Mid and distal lesions were significantly higher in 
RCA lesions of Group-I and proximal lesions were more 
common in the RCA and LCX lesions in group II (p=0.05) 
Coronary angiogram showed that both the groups had 
severe lesions (in terms of percentage of lesion). In terms of 
number of vessels involved there was more single vessel 
disease involvement in Group I and double vessel disease 
and triple vessel disease was more prevalent then single 
vessel disease in Group II (p = 0.213).

ST-segment depression in  
lead aVL of 1mm /more  

Coronary Angiogram  Total  

RCA LCX 

Positive 46 6 52 
Negative 29 17 46 

Total 75 23 98 

Screening Test  Sensitivity 
(%)  

Specificity 
(%)  

PPV 
(%)  

NPV 
(%)  

Diagnostic 
Accuracy (%)  

Accuracy of ST depres sion 
of 1mm/more in lead aVL 
in predicting RCA as IRA  

 
61.3 

 
73.4 

 
88.4 

 
36.9 

 
68.3 
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The sensitivity of ST-segment depression in lead aVL in 
diagnosing lesion in RCA is 46/75× 100 = 61.3% and speci-
ficity of the test in correctly ruling out those who did not 
have lesion in RCA is 17/23 × 100 = 73.4%. The positive 
and negative predictive values of the diagnostic test 
variables are 88.4% and 36.9% respectively, while the 
percentages of false positive and false negatives are 11.4% 
and 63.0%respectively. The overall diagnostic accuracy of 
ST-segment depression in lead aVL is predicting the culprit 
artery in ST-elevated acute inferior myocardial infarction is 
68.3%. Wung (2007)17 found that significant ST-segment 
depression in Lead aVL in acute inferior wall myocardial 
infarction was more common in RCA with a sensitivity of 
74% and Specificity of 90%.  Various studies were done in 
Bangladesh to predict the culprit artery in acute inferior wall 
myocardial infarction using ST-segment deviation in 
various ECG leads.  Jamal et al. (2009)23 studied the ratio of 
ST-segment depression in lead V3 to ST-segment elevation 
in Lead III to predict culprit artery in acute inferior wall 
myocardial infarction. A ratio is >1.2, predicted LCX lesion 
as the culprit artery with 83.3% sensitivity and 88.9% speci-
ficity. Although present study has a few limitations such as 
patients presented with acute inferior MI were not included 
due to different contraindications and co-morbid conditions 
finding of the showed that significant ST-segment depres-
sion in lead aVL may be described to be a sensitive ECG 
sign of evolving acute inferior wall myocardial infarction 
and represents myocardial infarction involving mostly the 
RCA artery with a high positive predictive value.

Conclusion
From the findings of the study it may be concluded that 
ST-segment depression in lead aVL in inferior wall acute 
myocardial infarction can predict RCA as the culprit artery 
with a fair degree of accuracy. Positive predictive value of 
this ECG criterion suggests that majority of STEMI-Inferior 
with significant ST-segment depression in lead aVL will 
have lesion in RCA. It may be recommended that, lead aVL, 
ST-segment depression of 1mm or more on admission ECG 
can be used in patients with acute ST-segment elevation 
inferior wall myocardial infarction in the emergency depart-
ment or Coronary Care Unit to predict the site of coronary 
artery lesion and reduce Door to Balloon time for immediate 
management and ensure a better outcome and further study 
may be continued on this ECG criteria involving larger 
sample size.
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Introduction 
The frozen elephant trunk technique (FET) was introduced 
in 1996 to treat degenerative and chronic dissecting 
aneurysms involving the aortic arch and the proximal 
descending aorta1. FET prostheses have a proximal Dacron 
segment to replace the aortic arch and a distal-stented end to 
seal the aneurysm in the descending aorta. The main 
purpose of FET was to potentially avoid the second-stage 
completion operation after the classic elephant trunk (ET) 
technique2. Later, the indications for FET were expanded to 
patients with acute aortic dissection to favour false-lumen 
thrombosis around the stent graft, since a patent false lumen 
had been identified as a risk factor for aortic dilatation and 
late operation3–5.

Frozen Elephant Trunk (FET) technique plays a significant 
role in modern aortic arch repair operations, and is equally 
important for both aneurysmal disease and acute aortic 
dissection. Its use in extended aneurysm usually implies a 
therapeutic effect, aiming at complete exclusion of the 
diseased descending thoracic aorta. In acute aortic dissec-
tion type A (AADA), the application of FET is more 
prophylactic in nature, where it is primarily inserted FET 

implantation to stabilize the dissecting membrane in the 
proximal descending aorta and seal the false lumen to 
prevent its dilatation6-8. The frozen elephant trunk (FET) 
technique was developed to facilitate the conventional 
surgical two-stage approach. After its introduction as a 
single-stage treatment option for selected patients with 
aortic arch aneurysms, the indication was expanded to 
include patients with acute and chronic aortic dissections of 
DeBakey type I and also selected patients with Standford 
Type B aortic dissections9-11. Its use in the emergency setting 
of acute aortic dissection (AAD) is still a matter of ongoing 
debate12. Meanwhile it was shown however, that the FET 
technique enhances stabilization of the true lumen (TL) 
regardless if applied in acute or chronic dissection. This 
aspect favors late surgical outcome 

Case Report 
Mr X, 37 years old male who was presented to us with back 
pain for 2 months, nausea for one month. He had a history of 
hypertension for 12 years and Received 3 dose of hemodial-
ysis before admitted in our hospital. On physical examina-
tion, His blood pressure was 160/40 mm of Hg. Color 
droppler revels-Moderately severe AR with aortic root 
dilated and as well as dissection in aorta was found. Coro-
nary Angiogram show normal coronaries that was done 
before admitted our hospital. Computerized tomography 

with contrast material showed the presence of aneurysm 
with dissection involving root and the ascending aorta and 
arch distal aorta up to femoral bifurcation. His left renal and 
superior mesenteric artery was arise from false lumen and 
rest other visceral artery was in true lumen. After proper 
preoperative preparation and counselling and we decided for 
modified Bentall’s procedure with total arch replacement 
with Frozen elephant trunk procedure.

Fig.1-Preoperative CT aortogram: Aortic dissection up to 
femoral bifurcation 

Operative technique
On 7th July 2019, the operative procedure was performed 
under general anesthesia. The patient is intubated, and 
anesthetized. Necessary arterial and venous lines are 
prepared. Transesoephageal echocardiography (TEE) probe 
is inserted to assess the aortic anatomy, morphology and to 
evaluate the valve function. Temperature probes were 
placed for esophagopharyngeal and rectal temperature 
monitoring. The patient was positioned on the operating 
table in supine position. Median Sternotomy done keeping 
Rt femoral vessel exposed. Dissection of left subclavian, left 
common carotid and Brachiocephalic trunk were done and 
control was taken.  Pericardiotomy done /Cannulation was 
done with 10mm tube graft to left common carotid artery 
and 2 stage single venous cannula to RA. Aortic cross clamp 
applied /ante grade CP with modified Del nido preparation 
with selective malleable ante grade CP cannula.  Heart 
arrest, false and true lumen in aorta with entry tear were 
identified. Modified Bentalls procedure applied to replace 
aortic root with ascending aorta with 21mm SJM Master 
series aortic valve graft. Under TCA with ACP through left 
common carotid artery with NIRS cerebral monitoring 

aortotomy was extended upto left subclavian artery. Re-en-
try tear was identified at proximal DTA. Frozen Elephant 
trunk were done with Cronus 24mm after obliteration of 
proximal left subclavian artery. Distal anastomosis was 
done with 24 mm size 4 branched graft and then total arch 
replacement were completed with the sequence of left 
subclavian artery/proximal anastomosis /cross clamp 
released after proper dearing /rewarming started and rest 
two anastomosis of left common carotid artery and innomi-
nate artery were done. Sinus rhythm achieved/protamine 
given/ACT achieved /RA, left common carotid artery 
decannulation done/Haemostasis achieved/Drain in situ/ 
Paching were placed/Chest close in layers. His subsequent 
course in hospital was satisfactory and discharge on 9th 
post-operative day.

Fig.2: Post-operative CT aortogram

Discussion
The combined disease of the aortic arch and the proximal 
descending aorta remains a surgical challenge. Different 
techniques have been proposed. In patients with extensive 
aortic aneurysms, classically, a two-stage operation was 
performed. In the first stage, the ascending, as well as the 
aortic arch, was replaced through a median stenotomy. In 
the second stage, the descending thoracic aorta was replaced 
through a lateral thoracotomy. Borst et al. (2005)2 
introduced the so-called elephant trunk technique in 1983, 
greatly facilitating this two-stage technique. A significant 
disadvantage of this approach was the need for two opera-
tions with their associated mortality and morbidity as well 
as the fact that there was at least some mortality in the 
interval between the two operations due to the rupture of the 
untreated segment of the aorta. Some surgeons advocated a 

single-stage operation either through a clamp-shell incision 
or a combined median sternotomy and a lateral thoracotomy 
to repair the aortic arch as well as the descending aorta. Such 
a strategy is quite invasive for the patient and technically 
difficult for the surgeon and as such has been followed only 
by few centres.

The endovascular stent graft technology introduced by has 
facilitated the treatment of the descending aorta. However, a 
totally endovascular treatment of the aortic arch pathology 
is difficult because of the supra-aortic vessels. A combination 
of the classic ‘elephant trunk’ technique and the endovascu-
lar stent technology resulted in the so-called frozen elephant 
technique13. this potentially single-stage technique, the 
operation is performed through a median sternotomy. The 
ascending aorta along with the aortic arch is replaced 
conventionally and an endovascular stent graft is placed into 
the descending aorta in the ante grade manner through the 
open aortic arch. The non-stented part is used for the 
ascending aorta and the arch and a stented part for the 
descending aorta. The distal landing site of the stent graft 
can be placed at the non-diseased portion of the descending 
aorta or distal part of entry and re-entry tear. In the classic 
elephant trunk technique, the graft portion forming the 
‘elephant trunk’ in the descending aorta floats freely in the 
descending aortic lumen so that there is little or no thrombus 
formation between the graft and the aortic diseased wall. In 
the frozen elephant trunk technique, the stented segment 
allows for progressive thrombus formation in the perigraft 
space up to the level of the landing site. This reduces the 
wall stress on the aorta and thus helps in preventing the 
subsequent growth of the aortic diameter. Owing to this 
reason, the frozen elephant trunk technique is becoming 
more popular. Initially, such operations were performed 
with a home-made ‘hybrid prosthesis’ with a stented and a 
non-stented segment7. At present, one ‘off-the-shelf hybrid’ 
prosthesis is available in the market. The advantages of the 
investigational device against the commercially available 
one are explained below.

It is controversial whether such an aggressive technique 
should be used in AADA patients. With the advances in 
diagnosis, surgical techniques, anaesthesia and periopera-
tive care, the outcome of surgical repair in AADA has 
improved. Even then, AADA continues to be associated 
with high morbidity and mortality13. Therefore, some 
conservative surgeons advocate only an ascending aortic 
replacement with or without the replacement of the proximal 
arch. Kazui et al. (2000)14 recommended a more aggressive 
strategy with total aortic arch replacement to improve the 
late surgical outcome. Ando et al15. proposed a total aortic 
arch replacement with a conventional elephant trunk to 
achieve a stronger distal anastomosis and facilitate possible 
subsequent operations on the downstream aorta.

Replacement of the arch with simultaneous antegrade 
descending stent-grafting using a hybrid prosthesis    
implantation can lead to the avoidance of late downstream 

complications after a classic DeBakey type I aortic dissection 
repair. This has been shown by the Essen group16.

Total replacement of the ascending and aortic arch in 
AADA patients does demand high technical skills. Even 
then, we believe in such a strategy of total aortic arch 
replacement with a frozen elephant trunk to improve 
long-term outcome in cases of AADA with intimal tear or 
re-entry into the aortic arch or the descending aorta 
(DeBakey type I). Of course, such a strategy can only be 
implemented in centres of excellence and also if it is 
absolutely necessary and not routinely in all the acute 
dissection patients. In such situations, this hybrid prosthesis 
could play a positive role.

Figure 3: The Vascutek Thoraflex hybrid stent-graft (A) and 
its clinical application (B).

For the re-implantation of the arch vessels, currently either 
the en-bloc (island) technique or branched graft technique 
(BGT) is used. The BGT may have several advantages over 
the classical island technique. Di Eusanio et al. (2002)17 
showed that the perioperative risks are not increased with 
the BGT technique. The proposed advantages are: 

1. In atheromatous aneurysms, the cerebral emboli risk 
may be reduced by the replacement of the complete 
aortic arch and the proximal parts of the arch vessels 
that are normally left behind in the island technique.

2. The CPB and especially the myocardial ischaemic 
times are shorter than in the island technique because 
after completing the distal anastomosis, the proximal 
anastomosis to the ascending aorta or the root              
(depending on the case), myocardial perfusion can be 
started. The arch vessels can be re-implanted with the 
myocardium perfused.

3. The lower body ischaemia time as well as ischaemia of 
the left subclavian region can be reduced.

4. Haemostasis is easier.

Despite these proposed advantages, currently no hybrid 
grafts with a branched unstented segment are available in 
the market. 

Conclusion
Aortic arch surgery requires meticulous teamwork in the 
true perioperative sense. Planning and communication at all 
phases from preoperative evaluation, through intraoperative 

The sensitivity of ST-segment depression in lead aVL in 
diagnosing lesion in RCA is 46/75× 100 = 61.3% and speci-
ficity of the test in correctly ruling out those who did not 
have lesion in RCA is 17/23 × 100 = 73.4%. The positive 
and negative predictive values of the diagnostic test 
variables are 88.4% and 36.9% respectively, while the 
percentages of false positive and false negatives are 11.4% 
and 63.0%respectively. The overall diagnostic accuracy of 
ST-segment depression in lead aVL is predicting the culprit 
artery in ST-elevated acute inferior myocardial infarction is 
68.3%. Wung (2007)17 found that significant ST-segment 
depression in Lead aVL in acute inferior wall myocardial 
infarction was more common in RCA with a sensitivity of 
74% and Specificity of 90%.  Various studies were done in 
Bangladesh to predict the culprit artery in acute inferior wall 
myocardial infarction using ST-segment deviation in 
various ECG leads.  Jamal et al. (2009)23 studied the ratio of 
ST-segment depression in lead V3 to ST-segment elevation 
in Lead III to predict culprit artery in acute inferior wall 
myocardial infarction. A ratio is >1.2, predicted LCX lesion 
as the culprit artery with 83.3% sensitivity and 88.9% speci-
ficity. Although present study has a few limitations such as 
patients presented with acute inferior MI were not included 
due to different contraindications and co-morbid conditions 
finding of the showed that significant ST-segment depres-
sion in lead aVL may be described to be a sensitive ECG 
sign of evolving acute inferior wall myocardial infarction 
and represents myocardial infarction involving mostly the 
RCA artery with a high positive predictive value.

Conclusion
From the findings of the study it may be concluded that 
ST-segment depression in lead aVL in inferior wall acute 
myocardial infarction can predict RCA as the culprit artery 
with a fair degree of accuracy. Positive predictive value of 
this ECG criterion suggests that majority of STEMI-Inferior 
with significant ST-segment depression in lead aVL will 
have lesion in RCA. It may be recommended that, lead aVL, 
ST-segment depression of 1mm or more on admission ECG 
can be used in patients with acute ST-segment elevation 
inferior wall myocardial infarction in the emergency depart-
ment or Coronary Care Unit to predict the site of coronary 
artery lesion and reduce Door to Balloon time for immediate 
management and ensure a better outcome and further study 
may be continued on this ECG criteria involving larger 
sample size.
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management, to postoperative care should be well coordinated 
between surgical, anesthesia, perfusion, and intensive care 
unit teams. Implantation of the FET (stented portion of the 
graft) into the proximal descending aorta is simple and can 
be done under direct surgical vision.

We have standardized our technique. One of our surgeons 
are dedicated for this operation. Although technically 
demanding, this procedure is reproducible, with low  
mortality in experienced hands and meticulouss intensive 
supports as well as. the implantation of an FET in patients 
with AADA is helpful for the following reasons: 

1. In patients with malperfusion, total aortic arch replace-
ment with FET implantation expands the true lumen in 
the descending aorta.

2. The FET technique prevents future events on the distal 
aortic arch and proximal descending aorta 
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