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ABSTRACT
Background  ST elevation myocardial infarction (STEMI) 
represents a cardiac emergency. Time to diagnosis, 
identification of culprit lesion, and intervention are 
important. Inferior STEMI represents a dilemma for 
cardiologists. The territory can be supplied by the right 
coronary artery (RCA) or the left circumflex coronary artery 
(LCx). Diagnostic algorithms have been proposed to predict 
the culprit artery.
Methods  We performed a single-centre retrospective 
cohort analysis of all patients admitted to our hospital 
from 2008 to 2020 with a diagnosis of inferior STEMI. We 
examined the diagnostic 12 lead ECG for quantification of 
ST elevation in leads II and III and compared this to culprit 
lesion found on angiography.
Results  There were 304 patients identified with STEMI 
in our database; 105 were found to have an inferior 
myocardial infarction by ECG criteria. Ninety-nine were 
included in our study with either RCA or LCx culprit lesions 
on angiography (82 males, 17 females). The average age 
of these patients was 64.9 years old. Sensitivity, specificity, 
positive predictive value and negative predictive value for 
ST elevation in lead II exceeding lead III predicting LCx 
culprit lesion was 0.32 (95% CI 0.13 to 0.57), 0.94 (95% 
CI 0.86 to 0.98), 0.55 (95% CI 0.29 to 0.78), 0.85 (95% CI 
0.81 to 0.89), respectively. Sensitivity, specificity, positive 
predictive value and negative predictive value for ST 
elevation in lead III exceeding lead II predicting RCA culprit 
lesion was 0.94 (95% CI 0.86 to 0.98), 0.32 (95% CI 0.13 
to 0.57), 0.85 (95% CI 0.81 to 0.89), 0.55 (95% CI 0.29 to 
0.78), respectively.
Conclusions  In inferior STEMI, comparison of ST 
elevation in leads II and III can reliably predict culprit lesion 
artery and guide intervention.
Subject indexing  Culprit artery localisation, inferior 
stemi, ECG.

INTRODUCTION
The ECG is pivotal in defining ST eleva-
tion myocardial infarction (STEMI) and 
instrumental in determining interventional 
therapy.1 In the setting of STEMI, the distribu-
tion of ST elevation on the ECG localises the 
myocardial territory involved. This is particu-
larly true in the case of anterior infarctions, 
which involve the left anterior descending 
artery. However, the inferior territory can be 
supplied by one of two arteries—70%–90% of 

the time it is supplied by the right coronary 
artery (RCA), but 8%–15% of the time it is 
supplied by the distal left circumflex artery 
(LCx), a branch of the left coronary artery.2 
This represents a dilemma for cardiologists, 
as a choice must be made on whether to plan 
intervention for the left or right coronary 
circulations first. Time to diagnosis and inter-
vention of the culprit lesion are important 
performance metrics of catheterisation labo-
ratories as they correlate strongly with risk of 
adverse outcomes in STEMI.3 4 Knowledge of 
culprit lesion location may help reduce door-
to-balloon time, thus improving outcomes. 
Multiple diagnostic algorithms have been 
proposed to help predict the culprit artery in 
inferior STEMI. A study performed by Zimet-
baum et al suggested that ST elevation in 
lead III greater than lead II may predict RCA 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ In the setting of ST elevation myocardial infarction 
(STEMI), the distribution of ST elevation on the ECG 
localises the myocardial territory involved. However, 
the inferior territory can be supplied by either the 
right coronary artery (RCA) or the distal left circum-
flex artery (LCx).

	⇒ Multiple diagnostic algorithms have been proposed 
to help predict the culprit artery in inferior STEMI. 
Knowledge of the culprit lesion location may help 
to reduce door-to-balloon time, thus improving 
outcomes.

WHAT THIS STUDY ADDS
	⇒ This study supports the use of a limb lead algo-
rithm for predicting culprit artery in inferior STEMI. 
Specifically, our retrospective review demonstrates 
that lead III ST elevation exceeding lead II ST ele-
vation is a marker for RCA culprit lesion with high 
positive predictive values.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ We suggest that this justifies the use of the limb 
lead algorithm to localise culprit artery in cases of 
inferior STEMI. Further research will need to be done 
to assess whether this translates to an improvement 
in door-to-balloon time, morbidity, and mortality.
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culprit lesion as opposed to a LCx culprit lesion.5 6 Alter-
natively, it has been proposed that II greater than III may 
predict LCx occlusion. Anecdotally, we noticed a prepon-
derance of case series that questioned this concept. 
Accordingly, we analysed our prospectively collected 
STEMI Database to assess whether comparison of leads II 
and III, in the case of inferior STEMI, could distinguish a 
culprit artery in either the RCA or LCx.

METHODS
The STEMI database at Brooke Army Medical Center 
(BAMC) is a prospectively gathered database consisting 
of a comprehensive recording of all patients presenting 
with a ‘CODE STEMI’ activation at BAMC between 
January 2008 and December 2020. The database includes 
data such as age, sex, coronary artery lesion, intervention, 
door-to-balloon time and outcome data. We retrospec-
tively selected patients in this database if they presented 
with inferior STEMI based on 12-lead ECG evidence of 
ST elevation in leads II, III and/or aVF (two or more 
contiguous leads).

Patients were excluded if they did not meet STEMI 
criteria based on the fourth universal definition of 
myocardial infarction, no precatheterisation ECG was 
available, the CODE STEMI was cancelled, no culprit 
vessel was identified on angiography, or if they did not 
undergo emergent cardiac catheterisation.

Prior to knowledge of the angiographic results, each 
patient’s precatheterisation ECG was evaluated by two 
independent investigators (AF-S and AS). Using hand-
held callipers at a point 40 ms after the J-point and 
compared with the TP segment as the isoelectric base-
line, the amount of ST elevation in leads II and III were 
measured and characterised as II>III or III>II. Separate 
from the ECG review and blinded to the patient demo-
graphics and ECG results, the angiography of those 
patients were independently reviewed by two investiga-
tors (AS, CP) to assess angiographically for the culprit 
artery (either LCx or RCA).

Standard methods were used to calculate sensitivity, spec-
ificity, and positive and negative predictive values. A 95% 
CI was chosen and assigned to these values. The STROBE 
(Strengthening the Reporting of Observational Studies 
in Epidemiology) cohort reporting guidelines were used 
during review.7

RESULTS
There were 304 patients identified with STEMI in our 
database, 105 of which were found to have an inferior 
myocardial infarction based on ECG criteria. Of these 
patients, 99 were included in our study as they had culprit 
arteries found on angiography (82 males, 17 females). 
Six were excluded from the study based on predefined 
criteria (figure  1). Of the patients excluded from the 
study, four did not have a precatheterisation ECG avail-
able for review, one did not have coronary angiography 
available in our system and one did not have a culprit 

lesion on angiography despite ECG evidence of inferior 
myocardial infarction. The average age of these patients 
was 64.9 years old with a range from 41 to 100 years old. 
For all but 12 patients this was their first myocardial 
infarction. Full patient demographics are available for 
review in table 1.

Of the 99 patients that were ultimately included in the 
study, 11 patients had ST elevation in lead II greater than 
in lead III. Six of these patients had an LCx culprit lesion 
and five had an RCA culprit lesion. Eighty-eight patients 
had ST elevation in lead III greater than in lead II. Thir-
teen of these patients had an LCx culprit lesion and 75 
had an RCA culprit lesion (table 2).

Overall, patient characteristics were fairly similar between 
those with a LCx and those with a RCA lesion with regard 
to average age, bod mass index and diagnosis of diabetes 
mellitus type 2. There was a higher percentage of patients with 
a previous acute myocardial infarction and smoking status in 
the LCx culprit lesion group. However, the percentage of 

Figure 1  Methods leading to study population. STEMI, ST 
elevation myocardial infarction.

Table 1  Demographics of included patients with inferior 
STEMI

Category
II>III 
n=11

III>II 
n=88

LCx 
n=18

RCA
N=81

Average age (years) 65 62 63 65

Average BMI 27.85 28.73 28.17 28.69

DM type 2 5 (45%) 20 (23%) 5 (28%) 19 (24%)

HTN 7 (64%) 66 (75%) 12 (67%) 60 (75%)

HLD 8 (73%) 64 (73%) 12 (67%) 59 (74%)

Previous AMI 1 (9%) 11 (13%) 3 (17%) 9 (11%)

Smoking 5 (45%) 36 (41%) 9 (50%) 32 (40%)

AMI, acute myocardial infarction; BMI, body mass index; DM, 
diabetes mellitus; HLD, hyperlipidemia; HTN, hypertension; LCx, 
left circumflex coronary artery; RCA, right coronary artery; STEMI, 
ST elevation myocardial infarction.
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patients with a diagnosis of hypertension or a diagnosis of 
hyperlipidaemia was higher in the RCA culprit lesion group 
(table 1).

Sensitivity, specificity, positive predictive value (PPV) 
and negative predictive value for ST elevation in lead II 
exceeding lead III predicting LCx culprit lesion was 0.32 
(95% CI 0.13 to 0.57), 0.94 (95% CI 0.86 to 0.98), 0.55 
(95% CI 0.29 to 0.78), 0.85 (95% CI 0.81 to 0.89), respec-
tively (table 3). Sensitivity, specificity, PPV and negative 
predictive value for ST elevation in lead III exceeding 
lead II predicting RCA culprit lesion was 0.94 (95% CI 
0.86 to 0.98), 0.32 (95% CI 0.13 to 0.57), 0.85 (95% CI 
0.81 to 0.89), 0.55 (95% CI 0.29 to 0.78), respectively 
(table 4).

DISCUSSION
Given that the inferior myocardium is supplied by the 
RCA in over 70% of patients, the ideal algorithm to iden-
tify culprit artery in inferior STEMI should first be able 
to identify RCA lesions with high confidence. Our study 
demonstrates that ST elevation in lead III versus lead II 
is highly sensitive (94% sensitivity) with a high PPV (85% 
PPV) for identifying RCA culprit lesions. Using lead III>II 
is an ideal algorithm to identify RCA culprit lesions as 
evidenced by a recent large meta-analysis.8 This can then 
be augmented by additional criteria such as reciprocal ST 
depression in aVL and lead I to improve specificity, as a 
number of studies have shown.8

In addition to identifying RCA culprit lesions, the 
perfect algorithm would also be able to identify LCx 
culprit lesions with high confidence. Our study demon-
strates that the specificity of ST elevation in lead 
II>lead III was also quite high (94% specificity). Our 
data are in accordance with multiple previous studies 
shown in table  5.8 This table includes the sensitivity, 
specificity, PPV and negative predictive value for 18 

studies that have previously investigated this diagnostic 
algorithm for predicting culprit lesion in inferior 
STEMI (specifically using III>II to predict RCA culprit 
lesion).

One of the earliest studies to put forth a diagnostic algo-
rithm for discerning culprit artery in inferior STEMI was 
Zimetbaum et al who analysed 69 patients with inferior 
wall STEMI to assess for ECG abnormalities that would 
predict the culprit artery. They found a 100% PPV of ST 
elevation in lead III exceeding lead II for RCA culprit 
lesion.2 This is in accordance with our findings of an 84% 
PPV. Additionally, Zimetbaum et al found a 100% spec-
ificity of III>II and RCA culprit lesions; none of the 17 
patients in the study with LCx culprit lesion had ST eleva-
tion in lead III exceeding the elevation in lead II.5 This 
is also in accordance with our data in which only 25% of 
our patients with LCx culprit lesion had lead III elevation 
greater than lead II elevation.

When comparing our findings to the studies 
summarised in table 5, our data are mostly in agreement. 
In particular, sensitivity and PPV for III>II predicting 
RCA culprit artery are high. The specificity of this algo-
rithm in our study was lower than those in table 5, likely 
driven by our low overall number of both II>III ECGs and 
LCx culprit lesions.

We find it most clinically relevant to examine PPV, as 
we anticipate this algorithm will be most often used when 
a cardiologist needs to make a rapid decision of which 
coronary artery to plan for intervention based on ECG 
data. In this sense, both II>III predicting LCx culprit 
artery and III>II predicting RCA culprit artery perform 
well, with high PPVs.

Our data and interpretation is potentially limited by 
our small sample size, in particular our small number 
of cases in which ST elevation in lead II exceeded lead 
III. In addition, our review is a retrospective analysis of 
prospectively gathered data. Some of the other studies 
cited in table 5 also used different leads to complement 
their analysis which may account for the improved sensi-
tivity for LCx obstruction using vector analysis.5 8–25 A 
potential area for future study could be assessing if the 
ratio of lead II and III elevations can be used to guide 
order of vessel evaluation in the setting of inferior 
STEMI and if this results in a shorter door-to-balloon 
time.

Table 2  Association between culprit lesion artery and lead 
elevation of II versus III

Culprit lesion
II>III
N=11

III>II
N=88

LCx 6 13
RCA 5 75

LCX, left circumflex coronary artery; RCA, right coronary artery.

Table 3  ST elevation in lead II>lead III as a predictor of LCx 
culprit lesion

TP FP FN TN
Sensitivity 
(95% CI)

Specificity 
(95% CI)

Positive 
predictive 
value 
(95% CI)

Negative 
predictive 
value 
(95% CI)

6 5 13 75 0.32 (0.13 to 
0.57)

0.94 (0.86 to 
0.98)

0.55 (0.29 to 
0.78)

0.85 (0.81 to 
0.89)

FN, false negative; FP, false positive; LCX, left circumflex coronary artery; TN, 
true negative; TP, true positive .

Table 4  ST elevation in lead III >lead II as a predictor of 
RCA culprit lesion

TP FP FN TN
Sensitivity 
(95% CI)

Specificity 
(95% CI)

Positive 
predictive 
value 
(95% CI)

Negative 
predictive 
value 
(95% CI)

75 13 5 6 0.94 (0.86 to 
0.98)

0.32 (0.13 to 
0.57)

0.85 (0.81 to 
0.89)

0.55 (0.29 to 
0.78)

FN, False negative; FP, False positive; RCA, right coronary artery; TN, True 
negative; TP, True positive .
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CONCLUSION
Timely localisation of the culprit artery in STEMI is 
important as time is myocardium. In the setting of infe-
rior STEMI this can be challenging as both the RCA 
and LCx arteries can supply the same vascular territory 
leading to ST elevations in similar limb leads. Our retro-
spective review demonstrates that in the setting of infe-
rior STEMI, lead III elevation exceeding lead II eleva-
tion is a marker for RCA culprit lesion with high PPVs. 
Conversely, lead II elevation exceeding lead III elevation 
is a marker for LCx culprit lesion, although with a lower 
PPV. This may allow for shorter door-to-balloon times as 
the angiographer can plan intervention more precisely 
before angiography. However, further study is needed in 
order to evaluate if this meaningfully impacts door-to-
balloon time, morbidity and mortality.
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