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Does electrocardiogram help in identifying the culprit artery when
angiogram shows both right and circumflex artery disease in inferior
myocardial infarction?
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ABSTRACT
Objective: In a subgroup of patients with inferior myocardial infarction (MI), both the right coronary artery (RCA) and circumflex coronary artery
(Cx) show potentially culprit lesions, and angiography may be insufficient to determine which artery is responsible for the clinical presentation.
Although many electrocardiographic (ECG) algorithms have been proposed for identifying the infarct-related artery in patients with inferior MI,
it is unclear whether the current algorithms have the discriminative power to identify the real culprit artery in these patients.
Methods: The patients with the diagnosis of acute inferior MI and underwent coronary angiography were enrolled in the study. The prediction of
the infarct-related artery was attempted from the admission ECG using published algorithms and criteria. For the angiographic definition of the
infarct-related artery, multiple criteria were used.
Results: Total 417 inferior MI cases were enrolled during the study period; the final patient population comprised of 318 patients. Forty-five patients (14.2%) had both RCA and Cx lesions on coronary angiography. Although several criteria and algorithms are able to identify the infarct-related artery in the general inferior MI population, they lose their strength in patients with both RCA and Cx lesions. Only the Aslanger-Bozbeyoğlu
criterion emerges as a more powerful diagnostic test with a sensitivity, specificity, and c-statistic of 80%, 48%, and 0.650, respectively for the
whole population (p<0.001) and 81%, 58%, and 0.709, respectively, for patients with both RCA and Cx lesions (p=0.019).
Conclusion: The Aslanger-Bozbeyoğlu criterion is not only helpful in differentiating the infarct territory in combined inferior and anterior STsegment elevation as previously shown, but also valuable in identifying the infarct-related artery in patients with inferior STEMI with critical
lesions in both the RCA and the Cx. (Anatol J Cardiol 2020; 23: 318-23)
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Introduction
The prediction of the infarct-related artery on the basis of
the admission electrocardiogram (ECG) in ST-segment elevation
myocardial infarction (STEMI) is relevant and critical because
it can anticipate specific mechanical complications, impending hemodynamic derangement, shock, and death (1, 2). Accordingly, many algorithms have been developed to identify the
infarct-related artery and the occlusion site, especially in cases
of inferior STEMI (3-19). However, after primary percutaneous
coronary intervention (pPCI) became widely available and the
preferred strategy for revascularization, many patients with
STEMI are now being transferred to the catheterization laboratory before their admission ECG is examined to identify the

possible culprit lesion. One unfortunate and common scenario
is that wherein both the right coronary artery (RCA) and circumflex coronary artery (Cx) may show potentially culprit lesions
in a patient brought to the catheterization laboratory because
of inferior STEMI. Targeting the real culprit lesion is of utmost
importance; however, sometimes, the angiographic appearance
may be insufficient for guiding the interventionalist in this regard.
Although ECG algorithms may be helpful, it is unclear whether
the current algorithms have the discriminative power to identify
the real culprit lesion in patients with critical stenosis in both
the coronary arteries that supply the same myocardial territory.
In this study, we aimed to compare algorithms proposed for the
identification of the infarct-related artery in patients presenting
with inferior STEMI and both Cx and RCA lesions.
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Methods
The study was undertaken at Dr. Siyami Ersek Cardiovascular
and Thoracic Surgery Training and Research Hospital, İstanbul,
that has a large transfer network with around 1500 STEMI patients per year being referred for pPCI. The Institutional Review
Board approved the study, and the trial was judged to be exempt
from formal evaluation because it only involved the analyses of
existing records. All patients who were admitted with the diagnosis of acute inferior STEMI and underwent coronary angiography that revealed an acute culprit lesion on the RCA, the Cx,
or their branches from May 2017 to January 2018 were enrolled.
Patients with a history of coronary artery bypass grafting, left
bundle branch block, or any other secondary repolarization
abnormality were excluded. Baseline characteristics were obtained via chart review.
All the electrocardiograms were reviewed by a cardiologist (E.A.) who was blinded to the angiographic and clinical
outcomes. In patients with multiple ECGs, the earliest ECG
with maximum ST-segment deviation was used. ST-segment
elevation was measured at 60 milliseconds after the J-point
and approximated to closest 0.5 mm. The reviewer attempted
to identify the infarct-related artery using 12-lead information
according to the published algorithms and criteria (3-19), including the presence of ST-segment elevation in at least one
lateral lead with an isoelectric or elevated ST-segment in lead I
for the Cx (3), the presence of ST-segment depression in leads
I and aVL for the RCA (4), the higher ST-segment elevation in
lead III than in lead II and the greater ST-segment depression
in lead aVL than in lead I for the RCA (5, 9, 12), the presence
of ST-segment depression in leads V1 or V2 for the Cx (6), the
presence of ST-segment elevation in lead III exceeding that
of lead II with ST-segment elevation in lead V1 for the RCA
(7), the presence of ST-segment depression in aVR for the Cx
(10,15), Fiol’s algorithm (ST-segment depression in lead I, STsegment elevation in lead III higher than that in lead II, and
the sum of ST-segment depression in V1 to V3 less than the
sum of ST-segment elevation in the inferior leads for the RCA)
(11), Tierala’s algorithm (ST-segment elevation in lead III higher
than that in lead II, ST-segment elevation in V1, or isoelectric
ST-segment segment in V1 but ST-segment depression in V2,
ST-segment depression in aVR lower than that in lead aVL for
the RCA) (13), Almansori’s scoring system for the RCA (≥ 1) (14),
Huang’s algorithm (ST-segment elevation in lead III higher than
that in lead II, ST-segment depression in lead I lower than that
in aVL, ST-segment elevation <0.5 mm in lead I for the RCA)
(17), Ruiz-Mateos’ formula (the sum of ST-segment elevation in
lead III, aVF and V3 minus the sum of ST-segment elevation in
lead II and V6 <0.75 mm for Cx) (18), and Aslanger-Bozbeyoğlu
criterion (the absence of ST-segment elevation in V2 equal or
greater than ST-segment depression in lead aVL) for the RCA
(19) were calculated. Their diagnostic accuracy was estimated
for the general cohort and those with both Cx and RCA lesions.
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Cineangiograms were reviewed by two interventional cardiologists (Ö.Y., E.B.), who were blinded to the electrocardiographic and clinical outcomes. Any disagreement was resolved using
the opinion of a third cardiologist (C.Y.K.). Any stenosis >70%
(>50% for the left main coronary artery) that affected the noninfarct-related arteries was defined as significant in the diagnosis of multivessel disease. For the definition of the infarct-related artery, multiple criteria were used, including angiographic
appearance, filling defects suggesting intracoronary thrombus,
easiness of guidewire crossing, presence of well-developed
collaterals, ECG and troponin trend after opening of the lesion.
The patients with both Cx and RCA lesions were allocated to
Group I, while those with lesions in only one of these vessels
were allocated to Group II.
Statistical analyses
The baseline characteristics have been summarized using
standard descriptive statistics and compared using chi-square
test, Fisher’s exact test, and Mann-Whitney U test, as appropriate. The degree of ST-elevation in twelve standard electrocardiographic leads is presented as median and interquartile range
values and compared using the Mann-Whitney U test. The diagnostic power of the individual ECG criteria was assessed using receiver operating characteristics curve analysis; sensitivity,
specificity, and c-statistics are presented. The receiver operating characteristics curves were compared using the MedCalc
Software [version 18.2.1 (Evaluation version); MedCalc Software,
Ostend, Belgium]. All other statistical analyses were performed
with SPSS (version 24.0; SPSS Inc., Chicago, IL, USA).

Results
Total 417 patients with inferior MI were enrolled during the
study period. Ninety-nine patients were excluded because of
several reasons, such as left bundle branch block (n=17) and
secondary ST-T abnormalities, such as left ventricular hypertrophy (n=25), pre-excitation syndrome (n=1), sub-acute ECG
changes (n=39), and history of coronary artery bypass grafting
(n=17). Thus, the final study population consisted of 318 patients.
Group I had 45 patients (14.2%); both showed Cx and RCA lesions
on coronary angiograms. Group II included the remaining 273 patients (85.8%). Only four patients with acute RCA occlusion had
chronic total Cx occlusion (15.3%), and three patients with acute
Cx occlusion had chronic total RCA occlusion (15.7%).
Baseline clinical characteristics were summarized in Table 1,
along with a comparison of the baseline characteristics according to the presence or absence of both the Cx and RCA lesions.
The degree of ST-segment deviation in the twelve standard electrocardiographic leads did not show any significant difference
between the groups (Table 2).
In the whole cohort, Fiol’s algorithm (11) had the highest
c-statistic; however, the difference between this algorithm
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Table 1. Baseline characteristics*
All

Group I

Group II

(n=318)

(n=45)

(n=273)

P-value**

Demographic parameters
Age, years

59 (17)

57 (17)

60 (17)

0.468

Male

273 (80)

34 (76)

221 (81)

0.522

White

318 (100)

45 (100)

273 (100)

1.000

Hypertension

131 (41)

24 (53)

107 (39)

0.105

Diabetes

77 (24)

15 (33)

62 (23)

0.176

Smoker

192 (60)

26 (58)

166 (61)

0.826

Prior MI

53 (17)

9 (20)

44 (16)

0.666

Prior PCI

52 (16)

8 (18)

44 (16)

0.951

Heart rate, bpm

75 (22)

85 (17)

73 (22)

<0.001

SBP, mm Hg

130 (40)

120 (45)

130 (39)

0.204

Hgb, g/dL

13.7 (2.2)

13.5 (3.5)

13.7 (2.2)

0.814

Creatinine, mg/dL

0.8 (0.3)

0.8 (0.4)

0.8 (0.3)

0.459

Clinical parameters

Peak troponin, ng/mL

22 (27)

18 (17)

24 (29)

0.129

LVEF, %

50 (15)

50 (11)

50 (15)

0.217

Door to balloon time, min

60 (100)

85 (105)

60 (100)

0.641

10 (3)

1 (2)

9 (3)

1.000

106 (33)

17 (38)

89 (33)

0.609

Angiographic involvement
LMCA
LAD
RCA

251 (79)

45 (100)

206 (75)

<0.001

Cx

158 (49)

45 (100)

113 (41)

<0.001

RCA as IRA

220 (69)

26 (58)

194 (71)

0.107

*Values are presented as median (interquartile range) values or numbers (percentages) as appropriate. **P-value for inter-group comparison.
BPM - beats per minute; Cx - circumflex artery; Hgb - hemoglobin; IRA - infarct-related artery; LAD - left anterior descending artery; LMCA - left main coronary artery;
LVEF - left ventricular ejection fraction; MI - myocardial infarction; PCI - percutaneous coronary intervention; RCA - right coronary artery; SBP - systolic blood pressure

Table 2. The degree of ST-segment deviation in twelve
standard electrocardiographic leads*

Lead I, mm
Lead II, mm
Lead III, mm
aVR, mm
aVL, mm
aVF, mm
V1, mm
V2, mm
V3, mm
V4, mm
V5, mm
V6, mm

Group I

Group II

P-value

-0.5 (1.0)
1.0 (1.5)
1.5 (1.1)
0.0 (0.5)
-1.0 (1.5)
1.0 (1.0)
0.0 (1.0)
-1.0 (2.6)
-0.5 (1.5)
0.0 (1.1)
0.0 (1.1)
0.5 (1.0)

-0.5 (1.0)
1.0 (1.0)
1.5 (1.0)
0.0 (0.5)
-1.0 (1.0)
1.0 (1.0)
0.0 (0.5)
-1.0 (1.5)
0.0 (1.3)
0.0 (0.5)
0.0 (0.5)
0.5 (1.0)

0.490
0.336
0.706
0.175
0.350
0.524
0.413
0.254
0.537
0.179
0.501
0.135

*Values are presented as medians (interquartile ranges)

and the following two with the second [Ruiz-Mateoz formula
(18); difference between area under curves (AUC) <0.001; 95%
confidence interval (CI) −0.051 to 0.051; p=0.987] and the third
best c-statistic [Hasdai et al. (4); AUC difference, 0.015; 95% CI,
−0.025 to 0.055; p=0.50] was not statistically significant. In patients with both RCA and Cx disease, the Aslanger-Bozbeyoğlu
criterion had the highest c-statistic; however, the difference
between this criterion and the following two algorithms with
the second [Fiol et al. (11); AUC difference, 0.010; 95% CI, −0.144
to 0.172; p=0.860] and the third highest c-statistic [Almansori et
al. (14); AUC difference; 0.045; 95% CI, −0.127 to 0.218; p=0.601]
was not significant. It is noteworthy that our study lacked the
required power to detect the subtle differences in the diagnostic accuracies of these criteria. However, the AslangerBozbeyoğlu criterion was the only criterion to reach statistical
significance in patients with both RCA and Cx lesions in this
study. The diagnostic accuracy of each individual ECG criteria
is presented in Table 3.
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Table 3. Diagnostic performance of the electrocardiographic criteria*

V4-6 STE+ST in I≥0 (3)
STD in I+aVL (4)
STE III>II+STD aVL>I (5, 9, 12)

Sensitivity

Specificity

c-statistic

95% Confidence interval

P-value

88

46

0.666

0.596-0.736

<0.001

81

42

0.598

0.424-0.773

0.272

76

62

0.696

0.630-0.762

<0.001

77

58

0.662

0.494-0.831

0.070

99

1

0.503

0.433-0.573

0.933

100

0

0.500

0.325-0.675

1.000

STD in V1-2 (6)

81

33

0.569

0.501-0.636

0.055

79

38

0.609

0.441-0.777

0.223

STE II≥III (7)

44

83

0.640

0.570-0.710

<0.001

37

77

0.551

0.375-0.727

0.567

STE III>II+STE in V1 (7)

14

95

0.543

0.475-0.611

0.230

19

100

0.596

0.429-0.763

0.283

STE III>II+STD in I (8)

89

44

0.670

0.600-0.740

<0.001

85

37

0.590

0.414-0.765

0.316

STD in aVR (10, 15)

34

72

0.534

0.464-0.605

0.337

21

73

0.476

0.302-0.651

0.793

Fiol’s algorithm (11)

91

50

0.706

0.637-0.775

<0.001

89

47

0.665

0.494-0.835

0.066

Tierala’s algorithm (13)

81

45

0.634

0.564-0.704

<0.001

73

37

0.532

0.356-0.708

0.720

Almansori’s scoring system (14)

80

57

0.685

0.617-0.752

<0.001

77

53

0.635

0.463-0.806

0.133

Huang’s algorithm (17)

82

44

0.635

0.565-0.706

<0.001

77

37

0.551

0.375-0.727

0.567

Ruiz-Mateos formula (18)
Aslanger-Bozbeyoğlu criterion (19)

83

57

0.706

0.639-0.773

<0.001

73

44

0.588

0.413-0.762

0.328

80

48

0.650

0.581-0.720

<0.001

81

58

0.709

0.547-0.872

0.019

*First row indicates the values for the whole cohort, the second row indicates the values for Group I (patients with both right coronary and circumflex artery stenosis).
STD - ST-segment depression; STE - ST-segment elevation

Discussion
More than 50% of the patients with STEMI referred for
pPCI have critical stenoses in their non-infarct-related arteries (20), including chronic total occlusions in 10%–15% (21, 22).
This may cause a diagnostic problem in patients with inferior
STEMI when coronary angiography reveals total occlusion or
suspicious-looking lesions in both the RCA and Cx. Failure to
re-vascularize the real acute lesion leads to dire consequences; however, the angiographic appearance may not always be
completely reliable. Although many algorithms have been developed to identify the infarct-related artery in patients with
inferior STEMI, these studies have examined a random group
of patients, and many studies excluded patients with multives-

sel disease (3-19). Therefore, it is unclear whether these algorithms have the discriminative power to identify the real culprit
lesion in patients with critical stenosis in both the coronary
arteries.
Our results indicate that many of the current criteria and
algorithms lose their predictive power when both the coronary
arteries supplying the inferior wall show critical stenosis. This
may be due to a widespread ischemic area or cancellation of
the ischemic vectors. From an electrocardiographic perspective,
the essential difference between the RCA and Cx occlusion is
the spatial orientation of the myocardium and its injury vector.
The myocardium subtended by the RCA is located more rightward and anteriorly, while the myocardium subtended by Cx is
more posterior and leftward (7). Therefore, the algorithms or
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criteria that combine frontal and horizontal plane information
would be superior to the ones that do not include information
from both these planes. We also believe that combining these
two criteria that have information from the same spatial plane is
generally unnecessary and does not increase the diagnostic accuracy. Accordingly, a recently published criterion by our group,
that used the information from two spatial planes identified the
culprit artery with a reasonably good sensitivity and specificity
in patients with inferior STEMI and critical stenoses in both the
RCA and the Cx. It is noteworthy that this criterion is reportedly
able to identify which of the right and left coronary system is the
culprit in patients who present with both inferior and anterior
ST-segment elevation (19). In the current study, it emerged as
the only statistically significant criterion in patients with both
RCA and Cx stenosis and showed an increased diagnostic accuracy in patients with inferior STEMI and critical stenoses in both
RCA and Cx than in the whole population with inferior STEMI.
Although external validation is required, this interventionalistfriendly criterion appears to be valuable in situations where
infarct-related territory or artery are in question on the basis of
angiographic images (Fig. 1).
a

b
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Study limitations
Our study has certain limitations. It is a retrospective study,
with all known limitations associated with bias. Standard lead
placement could not be confirmed. Not all the criteria analyzed
in this study were specifically designed for the identification of
the RCA or the Cx as the culprit artery. Some of these criteria
(3, 4, 6, 10, 15) only aimed to determine the presence of occlusion in a specific artery, and the absence of lesion in one artery
would not automatically confirm its presence in the other artery.
Furthermore, the sample size of patients with both Cx and RCA
lesion was relatively low; therefore, some criteria might not have
been able to reach statistical significance despite having an actual diagnostic power in this subgroup. Dual total occlusion was
underrepresented in our population; therefore, our results may
not apply for both RCA and Cx total occlusions, one acute, and
the other chronic. In addition, the diagnostic accuracy of conventional coronary angiography for atherothrombosis is poor;
therefore, the definitions of the culprit lesion may differ among
interventionalists.

Conclusion
In conclusion, the Aslanger-Bozbeyoğlu criterion is not only
helpful in differentiating the infarct territory in combined inferior and anterior ST-segment elevation as previously shown,19
but also is valuable in identifying the infarct-related artery in patients with inferior STEMI and critical lesions in both the RCA
and Cx. If these results to be externally validated, the AslangerBozbeyoğlu criterion can be used as an interventionalist-friendly
tool in determining the culprit lesion for intervention in patients
with STEMI.
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Figure 1. (a) The electrocardiogram of a 65-year-old woman who
presented with inferior myocardial infarction. Fiol’s algorithm
identifies the right coronary artery (RCA) as the infarct-related artery;
the angiogram showed that both the circumflex coronary artery (Cx,
(b) and the right coronary artery (RCA, (c) had critical lesions. Without
thrombotic appearance of the Cx lesion in this case, it might be difficult
to identify the infarct-related artery because both the arteries show
comparable stenoses with similar distal run-offs. The AslangerBozbeyoğlu criterion also indicates Cx as the infarct-related artery.
The Cx artery was opened and stented
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