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BACKgROunD: Acute myocardial infarction is one of the most com-
mon presentations of coronary artery disease (CAD). Although coronary 
angiography remains the gold standard for identification of the infarct-
related artery (IRA), conventional 12-lead electrocardiography (ECG) is 
an essential tool for diagnosis, risk stratification and prognosis. If specific 
ECG patterns can be recognized, it will be possible to determine the IRA 
and size of the ventricular area that is jeopardized. The existing ECG algo-
rithms have good sensitivity for the right coronary artery (RCA) and good 
specificity for the left circumflex artery (LCx) as predictors of IRA in 
patients with acute inferior-wall myocardial infarction (IWMI), while the 
specificity for the RCA and sensitivity for the LCx are modest. 
OBjECTIVE: To evaluate deviations in lead aVR to predict IRA in 
patients with IWMI, and to validate several commonly used 12-lead ECG 
characteristics. 
METhODS: A total of 585 consecutive patients with a first occurrence of 
acute IWMI were analyzed for the association between ECG and IRA diag-
nosed using coronary angiography. Subsequently, the sensitivity, specificity, 

positive predictive value, negative predictive value and accuracy of depres-
sion in lead aVR, along with various commonly used ECG criteria for pre-
dicting the IRA, were estimated using coronary angiographic findings as 
the gold standard. 
RESuLTS: The RCA and the LCx were found to be the IRA in 415 (71%) 
and 170 (29%) patients, respectively. It was observed that the absence of ST 
depression in lead aVR, ST depression in lead I ≥0.5 mm, ST depression in 
lead aVL >1 mm and ST elevation in lead III > ST elevation in lead II had 
excellent sensitivity and specificity in predicting the RCA as the culprit 
vessel. Similarly, ST depression in lead aVR ≥0.5 mm, the ratio of ST 
depression in lead V3 to ST elevation in lead III >1.2 had excellent sensi-
tivity and specificity in predicting the LCx as the culprit vessel. 
COnCLuSIOn: These findings reveal that evaluation of ST deviations 
in lead aVR offers good sensitivity and specificity for LCx and RCA occlu-
sions. The authors believe that using multiple ECG criteria may provide 
earlier and better identification of the IRA. 
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Coronary artery disease (CAD) is a major health problem world-
wide and acute myocardial infarction (MI) is one of its most com-

mon presentations (1). Although coronary angiography remains the 
gold standard for identification of the infarct-related artery (IRA), 
conventional 12-lead electrocardiography (ECG) is an essential tool 
for the diagnosis, risk stratification and evaluation of prognosis in the 
acute phase of MI (2). If specific ECG patterns can be recognized, it 
will be possible to determine the culprit coronary artery and the size of 
the ventricular area that is jeopardized (3). In patients with acute 
ST-segment elevation MI (STEMI), identifying the IRA using 12-lead 
ECG at the time of presentation can be life-saving because it may lead 
to earlier risk stratification and better guidance of prospective reperfu-
sion therapy (2-4). 

Inferior-wall MI (IWMI) is associated with better prognosis than 
anterior wall MI (5). Usually, the left anterior descending artery remains 
the culprit artery in nearly all cases of anterior-wall STEMI. On the 
other hand, the culprit artery can be either the right coronary artery 
(RCA) or the left circumflex artery (LCx) in patients with inferior-wall 
STEMI (3). Because the dominance of the RCA and LCx vary signifi-
cantly among patients, predicting the culprit coronary artery in inferior-
wall STEMI can be challenging (4). However, early recognition of the 
RCA or the LCx as culprit artery may facilitate management and, in 

some instances, may prevent particular complications in patients with 
acute IWMI (3,4). 

Many 12-lead ECG-based algorithms have been proposed to pre-
dict the IRA in patients with acute MI. These algorithms are simple 
and user friendly, focusing on one or two leads (3). In acute STEMI 
patients, the criteria for predicting the culprit artery are usually based 
on the analysis of ST-segment elevation and ST-segment depression 
in different leads (6-8). These criteria in isolation have shown good 
sensitivity for the RCA and good specificity for the LCx in previous 
studies (9-12). However, the same prediction accuracy may not be 
reproducible in other populations because of heterogeneity in patients’ 
baseline characteristics and variations in an individual’s coronary 
anatomy. This prompts the need for the development of a more accur-
ate ECG-based algorithm for the prediction of the culprit vessel in 
inferior-wall STEMI patients. It has been suggested that analysis of 
multiple ECG leads may minimize errors and considerably improve 
diagnostic accuracy.

Apart from the commonly used ECG algorithms, ST-segment 
depression in lead aVR has emerged as a novel predictor of LCx 
involvement (4,10-13). The current of injury resulting from occlusion 
in the RCA is, more or less, perpendicular to the axis of lead aVR. On 
the other hand, the current of injury resulting from occlusion in the 
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LCx has a mean vector that forms an obtuse angle with the axis of 
aVR. Therefore, significant ST-segment depression in lead aVR is 
more likely to occur with LCx occlusion (10,13). Despite these obser-
vations, ST-segment deviation in lead aVR is usually ignored during 
the ECG analysis (4). Accordingly, we conducted the present study 
with the aim of analyzing depression in lead aVR as a newer criterion 
to identify the IRA in patients with inferior-wall STEMI. Subsequently, 
we attempted to develop a new and more accurate ECG algorithm by 
incorporating ST-segment deviation in other leads, along with the 
reciprocal changes in lead aVR and also to validate several commonly 
used 12-lead ECG algorithms in predicting the IRA.

METhODS
The present study was a prospective, single-centre trial conducted 
between January and July 2015 in the Department of Cardiology, LPS 
Institute of Cardiology, GSVM Medical College, Kanpur and UP, 
India. Five hundred eighty-five consecutive patients presented with a 
first occurrence of acute inferior-wall STEMI and were enrolled in the 
study. The enrollment criteria were: patients diagnosed with acute 
inferior-wall STEMI based on 12-lead ECG, as evidenced by ≥1 mm 
ST elevation in at least two of the inferior leads II, III and aVF; and 
patients who subsequently underwent coronary angiography and per-
cutaneous coronary intervention (PCI), either as primary PCI or 
pharmacoinvasive PCI. The exclusion criteria were: patients with a 
history of STEMI, coronary artery bypass surgery or PCI; ECG sug-
gesting bundle branch block or left ventricular hypertrophy; finding of 
normal epicardial coronaries on angiography; no consensus on culprit 
coronary artery after angiography; electrolyte abnormality; and certain 
conditions that can influence ST segment on ECG (eg, suspected 
myocarditis, pericarditis, hypothermia, receiving amiodarone treat-
ment, etc). Informed consent was obtained from each patient enrolled 
in the study. The study protocol was approved by the institutional 
ethics committee and performed in accordance with the Declaration 
of Helsinki. 

Data collection
Enrolled patients underwent ECG, cardiac enzyme evaluation, routine 
biochemistry, two-dimensional echocardiography and coronary angi-
ography as a part of their diagnostic procedure to identify the involved 
coronary artery occlusion in acute STEMI. The 12-lead ECG was 
recorded for all patients at a speed of 25 mm/s and voltage of 10 mm/mV 
on a 12-channel device (Mortara ELI 250 ECG, Burdick Inc, USA). 
ST-segment deviation was measured at 60 ms from the J point in all 
leads. Measurements were recorded to the nearest 0.5 mm (0.05mV). 
The preceding TP segment was used as the isoelectric reference line. 
The mean of three beats was considered to be representative. 
Angiography was performed via either the radial or femoral route after 
Allen’s test (5 Fr [TIG Cath-Teumo Inc, USA]; 5 Fr JL/JR [Medtronic, 
USA]). Subsequently, the culprit artery was identified based on the 
angiographic characteristics of the occlusion (ie, occlusion due to 
thrombus/plaque formation, dissection or ulceration with decreased 
contrast density). Coronary artery stenosis >70% was considered to be 

figure 1) 12-lead electrocardiogram analysis depicting the distribution of 
ST-segment deviation in the study patients 

Table 1
baseline characteristics of patients analyzed in the study 
(n=585) 
Characteristic
Age, years

   Mean ± SD 51.2±16.3

   20–30 46 (08)

   30–40 109 (17)

   40–50 205 (35)

   50–60 129 (22)

   >60 105 (18)

Sex, male/female, n (%) 415 (71) / 170 (29)

Chest pain duration, h

   Mean ± SD 8.2±1.31

   <3 112 (19)

   3–6 199 (34)

   6–12 274 (47)

Heart rate, beats/min, mean ± SD (range) 64.0±18.5 (30–112)

SBP, mmHg, mean ± SD (range) 101.3±16.3 (74–132)

DBP, mmHg, mean ± SD (range) 72.4±8.6 (56–94)

Cigarette smoker 126 (21.5)

Diabetes 104 (17.7)

Hypertension 113 (19.3)

Dyslipidemia 128 (21.8)

Obesity 137 (23.4)

Family history of premature coronary artery disease 36 (6.1)
Data presented as n (%) unless otherwise indicated. DBP Diastolic blood 
pressure; SBP Systolic blood pressure  

Table 2
Distribution of ST-segment deviation in the study patients 
based on 12-lead electrocardiogram analysis

lead
ST-segment deviation

Depression elevation Isoelectric
VI 181 (31.0) 35 (6.0) 369 (63.0)
V2 351 (60.0) 0 (0.0) 234 (40.0)
V3 292 (50.0) 0 (0.0) 293 (50.0)
V4 269 (46.0) 17 (3.0) 299 (51.0)
V5 146 (25.0) 35 (6.0) 404 (69.0)
V6 41 (7.0) 69 (12.0) 474 (81.0)
V7 17 (3.0) 234 (45.0) 304 (52.0)
V8 17 (3.0) 333 (57.0) 235 (40.0)
V9 0 (0.0) 340 (58.0) 245 (42.0)
RV3 85 (15.0) 195 (33.0) 305 (52.0)
RV4 47 (8.0) 239 (41.0) 299 (51.0)
RV5 17 (3.0) 245 (42.0) 323 (55.0)
II 0 (0.0) 508 (87.0) 79 (13.0)
III 0 (0.0) 562 (96.0) 23 (4.0)
aVF 0 (0.0) 573 (98.0) 12 (2.0)
1 299 (51.0) 17 (3.0) 269 (46.0)
aVL 486 (83.0) 12 (2.0) 87 (15.0)
aVR 287 (49.0) 17 (3.0) 281 (48.0)
Data presented as n (%)
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an obstructive lesion. Patients were divided into RCA and LCx groups 
based on the angiographic characteristics suggesting obstructive 
lesions in the RCA and the LCx vessels, respectively. 

Statistical analysis
Continuous variables are expressed as mean ± SD, while discrete vari-
ables are presented as frequency and percentage. The χ2 test was used 
to analyze the association between ECG and coronary angiography 
findings for identifying the IRA. In addition, sensitivity, specificity, 
positive predictive value, negative predictive value and accuracy of 
ST-segment deviation in lead aVR, along with various commonly used 
ECG criteria for predicting the culprit artery, were estimated using 
coronary angiographic findings as the gold standard. All analyses were 
performed using STATA version 8.0 (StataCorp, USA) and P<0.05 
was considered to be statistically significant.

RESuLTS
Baseline characteristics
The baseline characteristics of the enrolled patients are summarized in 
Table 1. The mean (± SD) age of the patients was 51.2±16.3 years. 
Age stratification revealed that more than one-third (35%) of patients 
were between 40 and 50 years of age, followed by 51 to 60 years (22%), 
31 to 40 years (17%), 21 to 30 years (8%) and >60 years (18%). 
Furthermore, the majority (71%) of enrolled patients were male. The 
mean duration of pain was 8.2±1.31 h. In particular, the duration of 
pain was 6 h to 12 h in 47% of patients, 3 h to 6 h in 34% and <3 h in 
19%. Figure 1 illustrates the distribution of ST-segment deviation 
based on 12-lead ECG data. Briefly, the ST-segment depression in lead 
V1, lead V2, lead I and lead aVL were reported in 181 (31%), 351 (60%), 
299 (51%) and 486 (83%) patients, respectively (Table 2). Angiographic 
findings revealed that the RCA was the culprit coronary vessel in 

BA

figure 2) Coronary angiography. Right coronary artery (A) and left circumflex artery (B) occlusions (arrows) identified as the infarct-related artery in 
patients with inferior-wall myocardial infarction 

b

a

c

figure 3) Electrocardiographic characteristics of right coronary artery (A) and left circumflex artery (B,C) occlusions (arrows) indentifying the infarct-related 
artery in patients with inferior-wall myocardial infarction
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415 (71%) patients, while the LCx was the culprit coronary vessel in 
the remaining 170 (29%) (Figure 2). Figure 3 presents ECG data, with 
the RCA (Figure 3A) and the LCx (Figures 3B and 3C) as the IRA in 
patients with IWMI after coronary angiography. 

ST-deviation in lead aVR as a predictor of the IRA
ST depression in lead aVR ≥0.5 mm was observed in 130 (31.5%) 
patients in the RCA group and 150 (88.5%) in the LCx group; the 
difference was statistically significant (P<0.001). Furthermore, 85 
(20.7%) patients in the RCA group and 50 (29.9%) in the LCx group 
exhibited ST depression in lead aVR ≥1 mm; however, the difference 
was not statistically significant (Table 3). Similarly, there was no sig-
nificant difference between the RCA and LCx groups in the propor-
tion of patients with ST depression in lead aVR ≥2 mm (Table 3). 
Lead aVR with no ST-segment depression exhibited good specificity 
(90%) and fair sensitivity (68.6%), with good accuracy (75%) in pre-
dicting RCA as the culprit vessel (Table 4). However, ST depression 
in lead aVR ≥0.5 mm, ≥1 mm, ≥1.5 mm, and ≥2 mm displayed poor 
sensitivity and specificity in predicting RCA as the culprit vessel 
(Table 4). On the other hand, only ST depression in lead aVR ≥0.5 mm 
and ≥1 mm had good sensitivity in predicting the LCx as the culprit 
vessel, while ST depression in lead aVR ≥2 mm had good specificity 
(91.4%) in predicting the LCx as the culprit vessel (Table 5). When 
ST depression was analyzed as no ST depression or depression 
≥0.5mm, ≥1 mm, ≥1.5 mm and ≥2 mm in lead aVR to accurately pre-
dict the IRA, differences were statistically significant (Figure 4).

Ratio of ST-depression in lead V3 to ST elevation in lead III as a 
predictor of the culprit vessel
A joint observation of ST-depression in lead V3 and ST-elevation in 
lead III was reported in 157 (38.0%) patients from the RCA group and 
80 (47.1%) in the LCx group (Table 3). Of these, 92 (22.2%) patients 
in the RCA group and 82 (48.8%) in the LCx group exhibited the 
ratio of ST depression in lead V3 to ST elevation in lead III >1.2; the 
difference was statistically significant (P=0.02) (Table 3). Further, the 
ratio of ST depression in lead V3 to ST elevation in lead III >1.2 and 
the ratio of ST depression in lead V3 to ST elevation in lead III ≤1.2 
had fair sensitivity and specificity in predicting LCX and RCA as cul-
prit vessels respectively (Tables 4 and 5).

ST-elevation in lead II and lead III as predictors of culprit vessel
ST elevation in lead II was present in 342 (82.6%) patients in the 
RCA group and 156 (92%) in the LCx group; the difference was not 
significant (P>0.05) (Table 3). Conversely, ST elevation in lead III 
was present in all 415 (100%) patients in the RCA group and 156 
(91.7%) in the LCx group, with significant difference (P=0.007) 
(Table 3). Notably, 359 (86.6%) patients from the RCA group and 38 
(22.4%) from the LCx group had ST elevation in lead III > ST eleva-
tion in lead II (Table 3). It was also observed that ST elevation in lead 
III > ST elevation in lead II and ST elevation in lead II > ST elevation 

in lead III had good sensitivity and specificity in predicting RCA and 
LCx as culprit vessels, respectively (Tables 4 and 5).

ST depression in lead I as a predictor of the culprit vessel
Of patients with RCA as the IRA, the ST-segment depression in lead 
I ≥0.5 mm and >1 mm were observed in 284 (68.6%) and 131 (31.9%) 
patients, respectively (Table 2). On the other hand, ST depression in 
lead I ≥0.5 mm and >1 mm was observed in 29(17.2%) and 13 (8.1%) 
patients from the LCx group, respectively; the difference was statistic-
ally significant (P<0.01) (Table 3). Furthermore, the ST depression in 
lead I ≥0.5 had good specificity (93.3%) and fair sensitivity (55.7%) in 
predicting the RCA as the culprit vessel (Table 4) and poor sensitivity 
and specificity in predicting the LCx as the culprit vessel (Table 5).

ST-deviation in lead aVL as a predictor of the culprit vessel
ST depression in lead aVL ≥0.5 mm and >1 mm was observed in 
380 (91.7%) and 302 (73.3%) patients in the RCA group, respectively 
(Table 3). Similarly, ST depression in lead aVL ≥0.5 mm and >1 mm 
was observed in 74 (43.7%) and 47 (27.6%) patients in the LCx 
group, respectively; the difference was statistically significant (P<0.01) 
(Table 3). Furthermore, the ST depression in lead aVL ≥0.5 mm had 
good sensitivity (91.4%), fair specificity (56.7%) and good accuracy 
(81.0%) in predicting RCA as the culprit vessel (Table 3). The ST 
depression in lead aVL >1 mm also exhibited reasonable sensitivity 
(72.9%) and specificity (73.3%) in predicting RCA as the culprit ves-
sel (Table 4). Our observations also revealed that ST depression in 
lead aVL ≥0.5 mm and >1 mm had poor sensitivity and specificity in 
predicting the LCx as the culprit vessel (Table 5).

figure 4) Comparison of accuracy of lead aVR as a predictor of the infarct-
related artery. Dep Depression; LCx Left circumflex artery; RCA Right 
coronary artery

Table 3
analysis of association between elctrocardiographic  
characteristics and the culprit coronary artery
ST-segment deviation RCa (n=415) lCx (n=170) P*
No ST depression in lead aVR 280 (67.5) 19 (11.5) <0.001†

ST depression in lead aVR  
≥0.5 mm

130 (31.5) 150 (88.5) <0.001†

ST depression in lead aVR  
≥1 mm

85 (20.7) 50 (29.9) 0.28

ST depression in lead aVR  
≥1.5 mm

46 (11.3) 19 (11.5) 0.69

ST depression in lead aVR  
≥2 mm

35 (8.5) 14 (8.1) 0.52

ST-segment depression in lead 
V3 and ST elevation in lead III

157 (38.0) 80 (47.1) 0.15

Ratio of ST depression in lead V3 
to ST elevation in lead III >1.2

92 (22.2) 82 (48.8) 0.003†

Ratio of ST depression in lead V3 
to ST elevation in lead III ≤1.2

322 (77.8) 87 (51.2)

ST elevation in lead II 342 (82.6) 156 (92.0) 0.08
ST elevation in lead III 415 (100.0) 158 (93.1) 0.007†

ST elevation in lead II and lead III 306 (73.7) 148 (87.4) 0.01†

ST elevation in lead III >  
ST elevation in lead II

359 (86.6) 38 (22.4) <0.001†

ST elevation in lead II >  
ST elevation in lead III

55 (13.4) 131(77.6)

ST depression in lead I ≥0.5 mm 284 (68.6) 29 (17.2) <0.001*
ST depression in lead I ≥1 mm 132 (31.9) 13 (8.1) 0.006†

ST depression lead aVL ≥0.5 mm 380 (91.7) 74 (43.7) <0.001†

ST depression lead aVL ≥1 mm 302 (73.3) 47 (27.6) <0.001†

ST depression in lead aVR >  
ST depression in lead aVL

14 (3.3) 29  (17.2) 0.01†

ST depression in lead aVL >  
ST depression in lead aVR

117 (28.2) 29 (17.2) 0.20

Data presented as n (%) unless otherwise indicated. *Chi-squared test; 
†Statistically significant; LCx Left circumflex artery; RCA Right coronary artery
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Table 4
Sensitivity and specificity of electrocardiographic parameters in predicting the right coronary artery as the culprit vessel

ST-segment deviation Sensitivity Specificity
Predictive value

accuracyPositive Negative
No ST depression in lead aVR 68.6 90.0 94.1 55.1 75.0
ST depression in lead aVR ≥0.5 mm 31.4 10.0 44.9 5.9 25.0
ST depression in lead aVR ≥1 mm 21.4 26.7 40.9 12.7 23.0
ST depression in lead aVR ≥1.5 mm 14.3 27.3 50.0 5.9 16.4
ST depression in lead aVR ≥2 mm 11.1 37.5 54.5 5.9 14.5
Ratio of ST depression in lead V3 to ST elevation in lead III ≤1.2 20.0 52.4 44.4 25.6 31.1
ST elevation in lead III > ST elevation in lead II 84.7 77.8 89.3 70.0 82.5
No ST depression lead I 21.4 92.9 75.0 54.2 57.1
ST depression in lead I ≥0.5 mm 55.7 93.3 95.1 47.5 67.0
ST depression in lead I ≥1 mm 32.9 93.3 92.0 37.3 51.0
ST depression lead aVL ≥0.5 mm 91.4 56.7 83.1 73.9 81.0
ST depression lead aVL ≥1 mm 72.9 73.3 86.4 53.7 73.0
ST depression in lead aVL > ST depression in lead aVR 28.6 83.3 80.0 33.3 45.0
Data presented as %

Table 5
Sensitivity and specificity of electrocardiographic parameters in predicting the left circumflex artery as the culprit vessel

ST-segment deviation Sensitivity Specificity
Predictive value

accuracyPositive Negative
No ST depression in lead aVR 10.0 31.4 5.9 44.9 25.0
ST depression in lead aVR ≥0.5 mm 90.0 68.6 55.1 94.1 75.0
ST depression in lead aVR ≥1 mm 73.3 78.6 59.5 87.3 77.0
ST depression in lead aVR ≥1.5 mm 26.7 88.6 50.0 73.8 70.0
ST depression in lead aVR ≥2 mm 16.7 91.4 45.5 71.9 69.0
Ratio of ST depression in lead V3 to ST elevation in lead III >1.2 47.6 78.0 52.6 74.4 34.4
ST elevation in lead II > ST elevation in lead III 77.8 84.7 70.0 89.3 82.5
No ST depression lead I 7.1 78.6 25.0 45.8 42.8
ST depression in lead I ≥0.5 mm 6.7 44.3 4.9 52.5 33.0
ST depression in lead I ≥1 mm 6.7 67.1 8.0 62.7 49.0
ST depression lead aVL ≥0.5 mm 43.3 8.6 16.9 26.1 19.0
ST depression lead aVL ≥1 mm 26.7 27.1 13.6 46.3 27.0
ST depression in lead aVR > ST depression in lead aVL 16.7 97.1 71.4 73.1 73.0
Data presented as %

Table 6
Study comparisons of parameters for predicting the right coronary and left circumflex arteries as the culprit vessel

Criteria
Right coronary artery occlusion

Study Sensitivity Specificity PPV NPV
ST elevation in III > ST elevation in lead II predicts Present study 84.7 77.8 89.3 70.0

Elhammady et al (10) 92.0 78.0 – –
Kanei et al (11) 94.0 58.0 91.0 69.0
Nair and Glancy (12) 96.0 40.0 89.0 67.0

Ratio of ST depression in lead V3 to ST elevation in lead III ≤1.2 Our study 20.0 52.4 44.4 25.6
ASSENT 4 PCI (9) 91.0 32.0 79.0 55.0

ST depression in lead I Present study (≥0.5 mm) 55.7 93.3 95.1 47.5
Kanei et al (11) 86.0 63.0 91.0 50.0
ASSENT 4 PCI (9) 84.0 60.0 87.0 53.0

ST depression in lead aVL > ST depression in lead aVR Present study 28.6 83.3 80.0 33.3
left circumflex artery occlusion

ST depression in lead aVR ≥1 mm Present study 73.3 78.6 59.5 87.3
Elhammady et al (10) 86.0 92.0 – –
Knei et al (11) 54.0 86.0 45.0 91.0
Nair and Glancy (12) 80.0 96.0 80.0 96.0

ST elevation in lead II > ST elevation in lead III Present study 77.8 84.7 70.0 89.3
Elhammady et al (10) 80.0 93.0 – –
Nair and Glancy(12) 40.0 96.0 67.0 89.0

Ratio of ST depression in lead V3 to ST elevation in lead III >1.2 Present study 47.6 78.0 52.6 74.4
Kanei et al (11) 21.0 98.0 67.0 85.0

ST depression in lead aVR > ST depression in lead aVL Present study 16.7 97.1 71.4 73.1
Data presented as %. ASSENT 4 PCI The Assessment of the Safety and Efficacy of a New Treatment Strategy for Acute Myocardial Infarction trial; NPV Negative 
predictive value; PPV Positive predictive value
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 ST-deviation in lead aVL and lead aVR as a predictor of the culprit 
vessel
ST depression in lead aVR was greater than ST depression in lead aVL 
in 14 (3.3%) and 29 (17.2%) patients in the RCA and LCx groups, 
respectively; with statistically significant difference (P=0.01) 
(Table 3). ST depression in lead aVL > ST depression in lead aVR 
exhibited fair sensitivity (28.6%) and good specificity (83.3%) in pre-
dicting RCA as the culprit vessel (Table 4). Similarly, ST depression 
in lead aVR > ST depression in lead aVL exhibited poor sensitivity 
(16.7%) and good specificity (97.1%) with good accuracy (73%) in 
predicting the LCx as the culprit vessel (Table 5). 

DISCuSSIOn
The 12-lead ECG has been the most feasible, useful, inexpensive and 
universally available tool for the initial evaluation, risk stratification, 
triage and guidance of therapy in patients with a suspected acute 
ischemic event (4). Additionally, ECG helps to predict the culprit 
artery and locate the lesion within the IRA, thus providing clinically 
important information to augment clinical decision making and tailor 
reperfusion therapy (4). The importance of ECG changes and their 
relationship with the IRA was recognized in the 1980s (9). Since 
then, numerous studies have described various ECG criteria to iden-
tify the IRA in patients with inferior-wall STEMI (7-12). For 
example, ST-segment depression in lead I ≥0.5 mm;  ratio of 
ST-segment elevation in II/III <1; ratio of ST-segment depression in 
V3 to ST-segment elevation in III ≤1.2; and ST-segment depression in 
aVL >1 predicts RCA occlusion. In contrast, ST-segment isoelectric 
or elevation in lead I; ratio of ST-segment elevation in lead II to 
ST-segment elevation in lead III >1; and ratio of ST-segment depres-
sion in V3 to ST-segment elevation in III >1.2 predicts LCx occlu-
sion. Based on these findings, Fiol et al (6) developed an algorithm 
that was able to predict proximal RCA, distal RCA and LCx occlu-
sion with high accuracy. 

It should be noted that lead aVR has traditionally received less 
attention in clinical evaluation among all ECG leads, probably 
because it is directionally nonadjacent to any other ECG lead (4). We 
believe that this ‘relative isolation’, however, is also the very reason 
why changes in lead aVR could be particularly important. Hence, the 
present study was designed to validate the exiting ECG criteria and 
search for newer aVR criteria to predict the culprit coronary artery in 
patients with acute IWMI. In the present study, the LCx was the cul-
prit artery in patients with ST depression in lead aVR more than those 
without ST-segment depression. These results were consistent with 
previously reported studies (4,11,13). Accordingly, Radhakrishnan et 
al (4) showed that the amount of ST-segment depression in lead aVR 
is an accurate predictor of IRA in pateints with IWMI.

In our study, we observed that the commonly used ECG criteria 
had variable sensitivity and specificity to differentiate between LCx 
and RCA lesions in patients with acute IWMI. A brief review of 
previous studies (3,13) in a similar context (Table 6) suggests that ST 
elevation in lead III > ST elevation in lead II – an ECG criterion – has 
highest sensitivity (96% [12]) and specificity (78% [4]) for predicting 
RCA as the culprit vessel. Conversely, ST depression >1 mm in lead 
aVR exhibits highest sensitivity (86% [10]) in predicting the LCx as 
the culprit vessel. Furthermore, the ratio of ST depression in lead V3 
to ST elevation in lead III >1.2 had the highest specificity (11) in 
predicting the LCx as the culprit vessel (98%). Overall, the sensitivity 
of existing ECG criteria ranges from 84% to 96% for RCA and 21% 
to 86% for the LCx. Similarly, the specificity of the existing ECG 
criteria ranges from 40% to 78% for RCA and 72% to 98% for the 
LCx (3-13). These data indicate that the existing criteria already have 
good sensitivity for RCA and good specificity for LCx localization, 
while the specificity for RCA and sensitivity for LCx ranges from poor 
to fair. In the present study, we used ST-depression in lead aVR as a 

novel criterion to predict the culprit vessel. Through this, we found 
both good sensitivity and good specificity for LCx and good specificity 
for the RCA. For LCx localization, ST depression ≥0.5 mm in lead 
aVR exhibited the highest sensitivity (90%), while ST depression ≥0.5 
mm in lead aVL displayed good specificity (91.4%). In addition, novel 
parameter of ST depression in lead aVR > lead aVL exhibited very 
good specificity (97.1%) for LCx occlusion. For RCA localization, no 
ST depression in lead aVR exhibited good specificity (90%), while ST 
depression in lead aVL > lead aVR displayed good specificity (83.3%).

The anatomy of the coronary arteries plays an important role in 
exhibiting these ECG characteristics among patients with acute 
IWMI; hence, its understanding is vital. Briefly, the RCA usually ter-
minates at the posterior descending artery and a few posterolateral 
branches to supply blood to the inferior myocardium and inferior part 
of the inferoposterior wall, respectively. On the other hand, the LCx 
emits various obtuse marginal branches to supply blood to the poster-
ior part of the inferoposterior as well as posterolateral wall. As a result, 
the vector of injury current is directed more to the right and inferior in 
RCA occlusions, and more to the left and posterior in LCx occlusions 
(14,15). We strongly believe that this minor difference in vector direc-
tion forms the basis of ECG differentiation between RCA and LCx 
occlusions. 

In the present analysis of patients with acute IWMI, we observed 
that the 71% had a culprit lesion in the RCA and 29% with culprit 
lesion in the LCx vessel. This suggests that the RCA is significantly 
more likely to contain the culprit lesion compared with the LCx in 
patients with acute IWMI (ratio 2.4). Other studies involving patients 
with acute IWMI have reported the culprit vessel ratio of RCA to 
LCX in range from 2.2 to 7.0 (16-18). 

Limitations 
The present study did not predict the precise location of lesions, either 
in the proximal or distal segment of a coronary vessel, or mega artery 
involvement. Furthermore, only patients with a first occurrence of 
STEMI were analyzed. The present study lacked follow-up data 
regarding complications such as reinfarction, postinfarction angina, 
arrhythmias and mortality. It should also be noted that the majority of 
enrolled patients experienced onset of chest pain within 6 h before 
ECG recording; therefore, the ECG findings in our study may differ 
considerably from patients with late presentation (>12 h) or with 
previous episodes of MI. Therefore, findings of the present study can-
not be generalized to all patients with inferior-wall STEMI. We 
strongly emphasize that ECG-based algorithms should not replace 
coronary angiography. However, using these ECG criteria may lead to 
earlier identification of the culprit artery. 

COnCLuSIOn
The existing ECG algorithms have good sensitivity for RCA and good 
specificity for LCx localization, while the specificity for RCA and 
sensitivity for LCx ranges from poor to fair. ST depression ≥0.5 mm in 
lead aVR as a predictor of LCx localization had a sensitivity of 90% 
and negative predictive value of 94.1%. Furthermore, using ST depres-
sion ≥2 mm in lead aVR had a specificity of 91.4% for LCx localiza-
tion. Thus, with inclusion of a single lead, we found both good 
sensitivity and specificity for LCx and RCA occlusions. Another par-
ameter (ie, ST depression in aVR > aVL) also showed high specificity 
(97.1%) for LCx localization. Although ECG-based algorithms should 
not be regarded as a replacement for coronary angiography, we believe 
that using these ECG criteria may lead to earlier identification of the 
culprit artery. 
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