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INTRODUCTION

The electrocardiogram (ECG) is the primary diagnostic 
tool used to evaluate and guide the treatment of patients 
with chest pain and suspected acute myocardial infarc-
tion (MI) in emergency departments (EDs). Physicians 
make decision about performing immediate angiogra-
phy, using either early invasive strategy or a conservative 
strategy based upon clinical assessments, including a 
history of recurrent angina symptoms, elevated cardiac 

biomarkers, previous history, dynamic ECG, echocar-
diographic findings of heart dysfunction, and high risk 
scores [1]. A new ST-segment depression, which is con-
sidered a risk factor, and ST changes in specific leads 
may indicate serious problems, such as right ventricular 
(RV) injury. 

Proximal right coronary artery (pRCA) occlusion 
usually leads to RV involvement and portends worse 
prognosis and higher mortality [2,3]. Additionally, such 
occlusion is often accompanied by hypotension and 
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Background/Aims: Prediction of lesions of the proximal right coronary artery 
(pRCA) through electrocardiogram (ECG) is very important because pRCA oc-
clusion has many complications and a high mortality rate, which has frequently 
been related with right ventricular infarction. The purpose of this study was to 
devise a screening tool that takes into account multiple leads from a 12-lead ECG 
to predict the pRCA lesion.
Methods: A hundred and fifty-eight patients who were diagnosed as acute cor-
onary syndrome and had a pure lesion of RCA or left circumf lex artery (LCX) 
by ECGs and angiographic findings were enrolled retrospectively. Forty-eight 
patients with a pure pRCA occlusion were compared to a control group of 110 
patients who were diagnosed as having either a pure mid to distal RCA lesion (57 
patients) or a pure LCX lesion (53 patients).
Results: ECGs of patients in the pRCA group showed more prominent ST de-
pression in lead I (p = 0.001) and ST elevation in V1 (p = 0.002) than in the control 
group. The combination of ST depression (≤ 0 mm) in I and ST elevation (> 0.5 
mm) in V1 was the best diagnostic tool (area under the curve, 0.84). 
Conclusions: ST changes in leads V1 and I allow more accurate prediction of 
pRCA occlusion than other criteria, such as the difference between ST elevation 
of leads II and III or vector direction and amplitude. These variables could help 
to screen for right ventricular infarction before performing reverse ECG and pre-
dicting prognosis.
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conduction atrioventricular disturbances [4]. Therefore, 
to decide optimal treatment and management of such 
patients, it is extremely important to recognize the loca-
tion of the culprit vessel on the inferoposterior wall, as 
shown in Fig. 1. 

The goal of this study was to find out the ECG crite-
ria to predict proximal RCA occlusion as screening test 
before performing a reverse ECG or echocardiography. 

METHODS

Study population
In our tertiary hospital, the ED has an annual volume of 
32,000 patients and serves a primarily urban population. 
We retrospectively analyzed electrocardiographic and 
angiographic findings of consecutive patients admit-
ted to the ED between March 2005 and December 2013 
using a case control design. We reviewed 945 patients 
admitted to the ED during this period who diagnosed 

acute coronary syndrome (ACS) and underwent coro-
nary angiography. Among them, 48 were diagnosed as 
having a pure pRCA lesion by direct percutaneous cor-
onary intervention (PCI). These 48 patients were com-
pared with a control group of 110 patients who were di-
agnosed as having either a pure mid to distal RCA lesion 
(57 patients) or a pure left circumflex artery (LCX) lesion 
(53 patients). We enrolled these 158 consecutive patients 
with an inferoposterior wall MI who fulfilled the fol-
lowing criteria: (1) absence of conditions precluding 
the evaluation of ST-segment changes on ECG (bundle 
branch block, ventricular rhythm, and artifacts); (2) fully 
assessable electrocardiography on admission; and (3) no 
mixed lesions involving two or more coronary arteries. 

Electrocardiographic analysis
On admission, ECGs were recorded with standard 12 
leads at a paper speed of 25 mm/sec and an amplification 
of 10 mm/mV. All ECGs were reviewed independently 
by two physicians blinded to patient clinical and angio-

Figure 1. Electrocardiograms of each culprit lesion with single coronary artery stenosis. (A) Proximal right coronary artery 
(RCA) with 95% stenosis. (B) Distal RCA with 100% stenosis. (C) Proximal left circumflex artery (LCX) with 100% stenosis. (D) 
Distal LCX with 100% stenosis.
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graphic data. The isoelectric line was defined as the lev-
el of the preceding TP segment. ST-segment deviation 
was measured manually at 60 ms (ST60) after the end 
of the QRS complex (J point) by two investigators who 
were blinded to all clinical and angiographic findings. 
ECGs were magnified by a software (PicPick version 4 
for Windows, Wiziple Inc., Korea) that displayed an en-
larged portion of the ECG with more than 10 times mag-
nification. 

The variable, discrepancy of ST-segment deviation in 
leads III and II, was measured because it is known that 
a greater ST elevation in lead III than lead II predicted 
pRCA occlusion rather than mid to distal RCA or LCX 
occlusion [5]. The variable used absolute values from 
leads III and II to allow for minus values of ST-segment 
in each lead. 

In addition, amplitudes and axes of ST vectors in leads 
were investigated. Based on registration of the heart’s 
vector loops in three perpendicular directions (X, Y and 
Z), a ST vector magnitude was calculated by simple ge-
ometry and direction of the ST vector that was directed 
toward the area of predominant myocardial injury was 
determined in two 2-dimensional planes as follows [6]: 
ST vector magnitude = √ (X2 + Y2 + Z2). 

The frontal plane in limb leads was based on the axes 
of leads I and aVF. The horizontal plane in precordial 
leads was based on the axes of leads I and V2. 

Coronary angiography
During the study period, PCI was performed when pa-
tients suspected of ACS had more than one of the fol-
lowing: ongoing chest pain; dynamic ST-T change; tro-
ponin elevation; unstable hemodynamics; an abnormal 
echocardiographic finding, such as regional wall mo-
tion abnormality or heart failure; prior PCI, coronary 
artery bypass graft; or a high risk score. Based on PCI, 
occlusion of the RCA or LCX supplying the inferoposte-
rior wall was defined as a 70% or more narrowing of the 
luminal diameter of the coronary artery. The pRCA was 
defined as the coronary segment proximal to the first 
RV branch according to the American College of Cardi-
ology/American Heart Association guidelines [7].

Statistical analyses
To determine interrater reliability for interpreting ECG, 
the arithmetic mean for each investigator was summa-

rized by calculating the Spearman’s correlation coeffi-
cient for each lead. To evaluate relationships between 
the ECG of cases, (pure pRCA lesions) and controls 
(LCX or mid or distal RCA lesions, except left anterior 
descending artery [LAD]), all categorical independent 
variables were analyzed using Fisher exact test; and the 
Mann-Whitney U test was applied to all continuous in-
dependent variables. The significance of such relation-
ships was tested through binary logistic regression anal-
ysis. Receiver operating characteristic (ROC) curves were 
employed to find optimal cut-off values and area under 
the curve (AUC) values for independent factors related to 
pRCA lesion according to various conditions. All calcu-
lations relied on standard software (SPSS version 21 for 
Windows, IBM Co., Armonk, NY, USA), with statistical 
significance set at p < 0.05.

RESULTS

Based on PCI results, 158 patients were diagnosed with 
inferoposterior MI involving either the RCA or LCX. The 
mean age was 64 ± 13 years with male predominance (117 
males, 74%). The mean time from angina onset to the 
ECG recording was 352 ± 107.9 minutes. Chest pain con-
tinued for ≥ 20 minutes in 87 patients (55%). The mean 
value of troponin I was 0.94 ± 1.026. Baseline character-
istics of the case and control groups were compared in 
Table 1, but there were no significant difference between 
the pRCA group and controls. 

ECG measurements by two independent physicians 
were significantly had reliability (p < 0.001). The intra-
class correlation coefficients among ECG leads varied, 
range 0.85 to 0.97. 

Table 2 shows the details of the ECG characteristics of 
three patient groups. When the cases (pure pRCA lesion) 
were compared with the controls, ST changes measured 
at 60 ms after point J were prominent in leads I and 
V1; there were no differences in measurements at other 
leads, as shown in Table 3. These findings indicated that 
both ST-segment depression in lead I and ST-segment 
elevation in V1 are important regardless of whether 
ST-segment values in leads II, III and aVF are positive or 
negative. Mean ST deviation of the three patient groups 
categorized by location of the coronary lesions (pRCA 
lesion, mid to distal RCA lesion and LCX lesion) were 
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Table 1. Baseline demographic and clinical characteristics of cases and controls

Characteristic Proximal RCA (n = 48) The other RCA and LCX (n = 110) p value

Male sex 36 (75) 81 (73.6) 0.857

Age, yr 66 (41–89) 62 (33–93) 0.082

Time from symptom onset to first 
ECG, min

338.04 ± 96.02 358 ± 112.63 0.269

Angina > 20 minutes 27 (56.3) 60 (54.5) 0.843

Old MI > 3 months 16 (33.3) 28 (25.5) 0.310

Diabetes mellitus 14 (29.2) 48 (43.6) 0.087

Hypertension 25 (52.1) 67 (60.9) 0.301

Hypercholesterolemia 23 (47.9) 57 (71.3) 0.652

Smoking 17 (35.4) 27 (24.5) 0.161

HR on admission, beats/min 68.3 ± 23.02 69.3 ± 15.94 0.234

SBP on admission, mmHg 119.3 ± 19.95 122.6 ± 16.65 0.131

TnI on admission, ng/mL 1.15 ± 1.35 0.85 ± 0.84 0.462

CK-MB on admission, U/L 145.9 ± 86.35 168 ± 146.79 0.581

Values are presented as number (%), median (range), or mean ± SD.
RCA, right coronary artery; LCX, left circumflex artery; ECG, electrocardiogram; MI, myocardial infarction; HR, heart rate; 
SBP, systolic blood pressure; TnI, troponin I; CK-MB, creatine kinase-MB.

Table 2. Characteristics of electrocardiogram of three patient groups categorized by the location of the coronary artery lesion

Characteristic Proximal RCA (n = 48) The mid RCA below (n = 57) LCX (n = 53) p value

ST deviation in lead

I, mm –0.68 ± 0.83 –0.22 ± 0.7 –0.28 ± 0.53 0.002

II, mm 0.4 ± 1.12 0.67 ± 1.87 –0.06 ± 0.66 0.016

III, mm 1.18 ± 1.65 1.06 ± 2.11 0.29 ± 0.81 0.011

aVR, mm 0.18 ± 0.57 –0.04 ± 1.04 0.25 ± 0.56 0.133

aVL, mm –0.74 ± 1.05 –0.59 ± 1.26 –0.2 ± 0.6 0.021

aVF, mm 0.81 ± 1.38 0.71 ± 2.04 0.08 ± 0.71 0.029

V1, mm 0.97 ± 0.93 0.09 ± 1.39 0.6 ± 1.02 0.001

V2, mm 0.94 ± 1.85 0.51 ± 2.44 0.9 ± 1.68 0.475

V3, mm 0.96 ± 1.72 0.72 ± 1.75 0.7 ± 1.7 0.696

V4, mm 0.39 ± 1.26 0.19 ± 1.34 –0.03 ± 1.22 0.252

V5, mm –0.13 ± 1.29 0.15 ± 1.27 –0.24 ± 1.1 0.266

V6, mm –0.25 ± 1.39 0.2 ± 1.35 –0.11 ± 0.92 0.165

ST in III > ST in IIa 19 (59.4) 35 (61.4) 13 (68.4) 0.029

Amplitude and axis of ST vectors in lead

Vector magnitude, mm 2.4 ± 1.5 2.44 ± 2.4 1.7 ± 2.3 0.062

Frontal axis, ° 162.2 ± 67.7 174.5 ± 75.9 170.7 ± 80.6 0.698

Horizontal axis, ° 147.5 ± 66.8 141.1 ± 73.1 137 ± 71.2 0.753

Values are presented as mean ± SD or number (%).
aThe absolute value of ST-segment deviation in leads II, III was applied.
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–0.68, –0.22, and –0.28 mm in lead I and 0.97, 0.09, and 
0.6 mm in lead V1, respectively, as shown in Table 2. 

Greater ST-segment elevation in lead III than lead II 
was associated with the case group (pRCA lesion), but 
other variables that measured amplitude and axis vec-
tors (ST vector magnitude, frontal axis, and horizontal 
axis), did not differ significantly between the cases and 
controls. ST deviation in leads I, V1 and greater ST-seg-
ment elevation in lead III than lead II differed signifi-
cantly between cases and controls in multivariable anal-

ysis; the odds ratios were 3.6, 3.2, and 4.6, respectively 
as seen in Table 4. However, when only patients with 
the positive ST-segment values in leads II, III, and aVF 
were included in the analysis, a greater ST-elevation in 
lead III than lead II was not significantly associated with 
pRCA lesion as shown that the 95% confidence interval 
of the odds ratio was wide, 0.813 to 70.895. Perhaps this 
would be due to the small population included in this 
study. Nevertheless, the odds ratio was 7.9, displayed in 
Table 4. 

Table 3. Univariate analysis of the electrocardiography findings in the cases (pRCA lesion) compared with the controls (either 
the mid or distal RCA lesion or left circumflex artery lesions)

Variable OR p value (95% CI)
II > 0, III > 0, aVF > 0a

OR p value (95% CI)

I, mm 0.419 0.001 (0.245–0.717) 0.316 0.003 (0.148–0.673)

II, mm 1.040 0.754 (0.816–1.325) 0.897 0.573 (0.615–1.309)

III, mm 1.188 0.098 (0.969–1.457) 1.157 0.294 (0.882–1.517)

aVR, mm 1.139 0.575 (0.723–1.794) 2.031 0.097 (0.879–4.688)

aVL, mm 0.733 0.063 (0.529–1.016) 0.848 0.432 (0.562–1.280)

aVF, mm 1.182 0.142 (0.946–1.477) 1.094 0.529 (0.827–1.446)

V1, mm 1.853 0.002 (1.258–2.731) 2.114 0.005 (1.258–3.552)

V2, mm 1.063 0.498 (0.890–1.220) 1.047 0.644 (0.861–1.274)

V3, mm 1.090 0.394 (0.894–1.328) 1.027 0.827 (0.810–1.301)

V4, mm 1.209 0.169 (0.922–1.585) 1.083 0.668 (0.751–1.563)

V5, mm 0.940 0.665 (0.711–1.243) 0.760 0.164 (0.517–1.118)

V6, mm 0.812 0.165 (0.605–1.09) 0.713 0.125 (0.463–1.098)

ST in III > ST in IIb 2.593 0.013 (1.221–5.507) 9.750 0.033 (1.201–79.165)

Vector magnitude, mm 1.092 0.338 (0.913–1.306) 1.023 0.818 (0.844–1.240)

Frontal axis, ° 0.998 0.418 (0.994–1.003) 1.013 0.074 (0.999–1.028)

Horizontal axis, ° 1.002 0.488 (0.997–1.007) 1.003 0.342 (0.997–1.010)

pRCA, proximal right coronary artery; OR, odds ratio; CI, confidence interval. 
aIf leads II, III and aVF were not > 0 mm, their values were not included in the analysis.
bThe absolute value of ST-segment deviation in leads II, III was applied.

Table 4. Analysis of variables categorized by cut-off values (ST-segment deviation in lead I ≤ –1.1 mm defined by Youden’s J 
index; in V1 > 0.65 mm respectively) by multivariable logistic regression 

Variable OR p value (95% CI)
II > 0, III > 0, aVF > 0a 

OR p value (95% CI)

I 3.55 0.01 (1.348–9.346) 3.516 0.052 (0.987–12.526)

V1 3.2 0.002 (1.508–6.796) 6.589 0.001 (2.088–20.798)

ST in III > ST in IIb 4.64 0.031 (1.084–5.524) 7.892 0.075 (0.813–70.895)

OR, odds ratio; CI, confidence interval.
aIf leads II, III and aVF were not > 0 mm, their values were not included in the analysis. 
bThe absolute value of ST-segment deviation in leads II, III was applied.
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Fig. 2 shows that the variable combined each ST devia-
tion of lead I and V1 was the most related with pRCA le-
sion. The most eligible value considered each ST devia-
tion in lead I and V1 that was ST depression in lead I > 0 
mm and ST elevation in lead V1 > 0.5 mm by ROC curve 
was attained after more trial with combination of sever-
al cut-off values. The variable of lead I plus the variable 
of lead V1 had better diagnostic value than gap between 
ST deviation in lead III and II (AUC, 0.84 vs. 0.585) if all 
ST-segment values of leads II, III, and aVF were positive. 
However, when patients with lower ST-segment values 
than 1 mm in leads II, III, and aVF were included the 
diagnostic value of this variable was decreased (AUC, 
0.769 from 0.84). Especially, when having negative value 
of ST-segment in one of leads II, III, and aVF at least 
two variables combined had a weak association and low-
er AUC value related with pRCA stenosis than the vari-
able of gap between ST deviation in lead III and II (AUC, 
0.659 vs. 0.656). 

DISCUSSION

In cases of inferoposterior MI due to occlusion of the 
pRCA, ST-segment changes in inferior leads (ST eleva-

tion in leads II, III, and aVF) are the key to recognizing 
the injured area because the injury vector of the affect-
ed area is directed predominantly downward. However, 
because the injury vector is also directed slightly to the 
right it provokes ST depression in leads I and aVL. Also, 
RV injury caused by pRCA occlusion results in more 
inferior than posterolateral injury, producing a vector 
of injury that attenuates reciprocal ST depression (and 
may even lead to ST elevation) in leads V1 and V2, as well 
as making ST elevation more prominent in lead III than 
in lead II [8]. Hence, such a vectorial approach to inter-
pretation of ST-segment changes may be useful for the 
discriminating pRCA lesions from other coronary le-
sions because with pRCA occlusion the ST injury vector 
is directed towards the right and anteriorly inferiorly [6]. 

Two case reports found that increased vector ampli-
tude indicated a high probability of acute MI and that 
the amplitude and direction of ST injury vector were 
in concordance with the infarction area presented in 
SPECT (single positron emission computed tomogra-
phy) [6,9]. However, in our study, the amplitude and di-
rection of the ST injury vector were not able to discrim-
inate between proximal and distal RCA lesion. Perhaps 
the vectors in ECG depend other characteristics, such as 
the progression of collateral vessels, degree of stenosis 

Figure 2. Comparison of receiver operating characteristic (ROC) curves between the values of lead I plus lead V1 and the val-
ues that ST-segment of lead III was more than lead II according to three conditions (the combined variable considered each 
ST deviation in lead I and V1 was ST depression in lead I > 0 mm and ST elevation in lead V1 > 0.5 mm by ROC curve). (A) The 
values of lead I < 0 mm + V1 > 0.5 mm were defined if leads II, III, and aVF were all > 0 mm (area under the curve [AUC; I + V1], 
0.840; AUC [III > II], 0.585). (B) The values of lead I < 0 mm + V1 > 0.5 mm were defined regardless of whether leads II, III, and 
aVF were all > 0 mm, and the ST-segment in lead III was compared to the ST-segment in lead II using |absolute value| (AUC [I + 
V1], 0.769; AUC [III > II], 0.619). (C) The values of lead I < 0 mm + V1 > 0.5 mm were defined if two contiguous leads of II, III, and 
aVF were < 1 mm and the ST-segment in lead III was compared to the ST-segment in lead II (absolute value) (AUC [I + V1], 0.659; 
AUC [III + II], 0.656).
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or extent of lesion in the endocardium or epicardium. 
RV involvement, which may be diagnosed by detect-

ing unexpected oxygen desaturation, hypotension, V4R 
in a reverse ECG and echocardiography, usually occurs 
because the RCA is occluded proximal to the RV branch, 
with associated acute inferior wall infarction. Less com-
monly, RV infarction results from occlusion of a dom-
inant LCX in the setting of acute lateral wall MI; less 
than 10%, of RV infarctions arise from LAD occlusion 
in acute anterior wall MI [10]. Rarely, isolated RV infarc-
tion originates from non-dominant RCA occlusion or 
marginal branch occlusion of the RCA [10,11]. In patients 
with RCA dominant circulation or co-dominant circu-
lation, which occurs in about 90%, their RCA perfuses 
the right ventricle, inferior-wall left ventricle and the 
lower part of the intraventricular septum. Therefore, 
occlusion of the pRCA will result in RV infarction and 
negatively affects prognosis. 

The RV involvement that usually accompanies pRCA 
occlusion may be indicated by ST-segment changes in 
right precordial leads [12]. Isoelectric or ST-segment el-
evation in lead V1 was observed in 70% of patients with 
pRCA occlusion and only in 13% of patients with distal 
occlusion. This criterion had 70% sensitivity and 87% 
specificity for the detection of pRCA occlusion [13]. In 
another study similar to our data, both the amplitude of 
ST elevation in lead V1 (0.51 mm vs. –0.56 mm, p < 0.01) 
and ST depression of lead I (–1.57 mm vs. –0.83 mm, p < 
0.01) were significantly higher in proximal than in distal 
RCA occlusions and these criteria were used as screen-
ing test to distinguish proximal and distal RCA lesions, 
adding to the ST deviation in lead II, III and V3. They 
were incorporated into a score that distinguished proxi-
mal from distal stenosis of the RCA [14]. And ECGs indi-
cating pRCA occlusion showed ST depression in lead I 
but isoelectric ST in lead V1 in a recent study [15]. 

On the other hand, one study reported ST elevation 
in lead V1 in ECG of patients with pRCA occlusion was 
more meaningful than with distal RCA occlusion (0 mm 
vs. –1.5 mm, p < 0.01) but obvious difference was not ob-
served in lead I (–1 mm vs. –1 mm, p = non-specific) [13]. 
Furthermore, a research report concluded that ST devi-
ations in lead V1 were not related to pRCA occlusion [16].

The ratio of ST-segment elevation in lead II to ST el-
evation in lead III was the main ECG feature that dis-
criminates LCX from RCA according to many authors, 

including Tierala et al. [17]. In addition, the comparison 
of ST elevation in leads II and III has been used a screen-
ing tool for right ventricular infarction (RVI). However, 
greater ST elevation in lead III than lead II is found to 
be sensitive (97%) but relatively nonspecific compared to 
ST-segment elevation in lead V4R (56% vs. 78%, respec-
tively) [18,19]. Furthermore, left dominance of coronary 
artery charged in 15% was an important contributing 
factor to the misclassification of culprit coronary artery 
and made a difference of ST elevation in leads II and III 
[15,20]. Meanwhile, the difference of ST elevation in lead 
II and III was showed as having meaning slightly in our 
analysis; however, ST elevation in lead V1 and ST de-
pression in lead I were more discriminant features than 
the difference of ST elevation in lead II and III as a good 
predictor of lesions of the pRCA.

ST depression > 1 mm in lead aVL was very sensitive 
and specific for RV involvement in patients with acute 
MI compared to diagnosis of RVI based on changes in 
right precordial leads and ST elevation > 1 mm in lead 
V4R [21]. However, a correlation between ST depression 
in aVL and pRCA occlusion was not observed in our 
data.

The criterion of ST changes in I and V1 have had the 
highest accuracy for distinguishing pRCA versus dRCA 
or LCX occlusion although physician had thought that 
gap of ST deviation in III and II allowed prediction of 
the location of occlusion in pRCA. Therefore, this cri-
terion of ST changes in I and V1 may be recommended 
to be applied in the emergency room as it may help to 
make a decision regarding the need of urgent manage-
ment to RVI or advanced diagnostic tool like reverse 
ECG or echocardiography.

The major limitation of this study was the small num-
ber of patients. We only included highly selected pa-
tients with lesions in a single coronary artery and only 
included patients with lesions in the RCA and LCX, not 
with lesions located in the LAD. In our study, the lead 
V4R was not evaluated because reverse ECG data was fre-
quently missing from patient records. In addition, the 
anatomical variation of individuals was not considered. 
The posterior descending and posterolateral branches 
depending on the dominant or non-dominant coronary 
vessel that perfuse the inferolateral sections of the left 
ventricle can originate from either the RCA or the LCX. 
The dominant branch might be able to have an effect 
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on detecting pRCA occlusion or RVI in ECG. Although 
progression of collateral circulation due to chronic isch-
emia could affect features of the ECG, collateral circula-
tion was not investigated.

In conclusion, the combination of ST elevation in 
lead V1 and ST depression in lead I respectively allow 
more accurate prediction of occlusion located in the 
pRCA than other criteria, such as the difference between 
ST elevation of leads II and III or vector direction and 
amplitude. In addition, ST deviation in leads V1 and I 
is related to RVI. Therefore, these variables could help 
to screen for RVI before performing reverse ECG and 
predicting prognosis.
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