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OBJETIVES: The aim of this work is to expose the important role of the ECG in predicting the culprit artery in STEMI.

METHODS: Retrospective study of 100 patients admitted to the military hospital, Rabat, Morocco, with the diagnosis of STEMI
from January 2013 to December 2014. We differentiate anterior and inferior M. In inferior Ml patients were enrolled in two
groups depending on culprit artery: Right Coronary Artery (RCA group, N:24) and Left Circumflex artery (LCx group, N: 17).
RESULTS: The mean age was 60.3 + 9.2 years with extremes ranging from 31 years to 83 years, and 91% were male. 41% of
patients had at least two cardiovascular risk factors. Smoking was the predominant cardiovascular risk factor and diabetes
affected half of patients.

Almost 60% of patients were admitted < 6 hours following the onset of pain.

The localization of Ml was anterior in 55%. LAD was the culprit lesion in 98% of cases. The sum of ST segment elevation was
foundinleads V1, V2, V3 and V4. The antero-septal localization was related to mid-LAD lesion in 67 % of cases, and the extended
anterior myocardial infarction was related to proximal LAD lesion in 73% of cases. In inferior MI, ST segment elevation was more
marked in lead DIl than Dllin 88% of RCA group versus 6% only in LCx group. ST segment depression was more important in lead
aVL than DIin 91% of RCA group against 6% only in LCx group. Both criteria were positive in 83% of patients in the RCA group
and 0% in the LCx group, while both criteria were negative in 88% of LCx group and 0% in RCA group (p<0.001).
CONCLUSIONS: In anterior MI, LAD is almost always the culprit artery, ECG analysis help to identify the segment involved:
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ABSTRACT

proximal, mid or distal. Ininferior MI, ECG studies can allow to identify the culprit lesion with much more precision.

INTRODUCTION

For along time, the electrocardiogram was considered an essential
element of the initial diagnostic procedure for patients suffering
from chest pain. Indeed, it provides more information about the
exact location of the lesion, the prediction of the infarct size and
the prognosis estimation the increased use of primary
percutaneous coronary interventions (PCl) in patients with ST
elevation makes this information less useful. However, even with
immediate coronary angiography, the identification of the infarct
site and the culprit coronary artery remains sometimes difficult. In
some patients, more than one lesion can be found, making the
determination of the acute lesion difficult. In other cases, complete
occlusion of the bifurcation branches of the coronary arteries may
go unnoticed.

The purpose of this study is to study the correlation between
electrical and angiographic data and to judge the reproducibility of
the electrocardiogram in the identification of the culprit lesion.

MATERIAL AND METHODS

This is a retrospective study of 100 patients initially admitted to the
emergency department of the military hospital, Rabat, Morocco,
with the diagnosis of STEMI from January 2013 to December
2014. We included patients with anterior and inferior myocardial
infarction (MI). In patients with inferior MI, two groups were
enrolled depending on culprit artery two groups depending on
culprit artery: Right Coronary Artery (RCA group, N:24) and Left
Circumflex artery (LCx group, N: 17).

The enrolled patients met the following criteria:
Have chest pain suggesting acute coronary syndrome (ACS) less
than 24 hours.

A significant elevation of the ST segment at the J point in two
contiguous leads with the cut-points of 0.2 mV in leads V2 and
V3 =0.05 mV in the right and basal leads =0.1mV in the other
leads, left bundle branch block (LBBB).

Benefit from coronary angiography in the acute phase.
Data has been collected:

On the basis of the hospital medical file filled out by the treating
physicians.

l

Based on the register of the catheterization room.

All patients received pre-treatment with aspirin (loading dose: 200
mg) and clopidogrel (loading dose: 300 or 600 mg) All procedures
were performed under effective intravenous heparin
anticoagulation according to standard regimens.

Reperfusion therapy was indicated in all patients with symptoms of
<12 h duration and persistent ST-segment elevation or (presumed)
new LBBB. Primary PCl was indicated if there was evidence of
ongoing ischaemia, even if symptoms may have started >12 h.

When Primary PCl couldn't be performed in <12 h of symptoms
onset, Thrombolysis was indicated. Successful thrombolysis
criteria was defined as the presence of at least two of the following
criteria at 2 hours after thrombolytic treatment: (1) significant
relief of pain (a 5-point reduction on a 1 to 10 subjective scale), (2)
> or =50% reduction of sum of ST segment elevation, and (3)
abruptinitial increase of creatine kinase levels.

RESULTS

1.Clinical characteristics:

Clinical characteristics are summarized in (Table 1). The mean age
was 60.3 = 9.2 years with extremes ranging from 31 years to 83
years, and 91% were male. 41% of patients had at least two
cardiovascular risk factors. Smoking was the predominant
cardiovascular risk factor and diabetes affected half of patients.

The patient delay varied between a minimum of 1H and a
maximum of 24H with an average of 5H. Almost 60% of patients
were admitted < 6 hours following the onset of pain.

88% presented with typical chest pain. This pain was inaugural in
77% of cases. No patient was in cardiogenic shock at
presentation, only one patient presented with a acute heart failure
Killip 3

Table1: Clinical characteristics.

Clinical Characteristics Value
Age 60,3+/-9,2
Sexe
Male 91%
Female 9%
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2 ECGandangiographicfindings:

The ECG and angiographic findings are summarized in (Table 2).
99% of patients presented with ST segment elevation and one
patient presented with recent complete LBBB.

MI was anterior in 55% of cases of which almost half was an
extensive anterior. 43% of Ml were inferior. 10 patients presented
with inferior MI extended to the right ventricle (RV). Arrhythmias
are mainly represented by atrial fibrillation, ventricular and
supraventricular extrasystoles.

All patients underwent coronary angiography in the acute phase
of the MI. A monotroncular lesion was found in 47% of cases,

Cardiovascular risk factors Table 3: Correlation between ECG and coronary
Smoking 74,4% angiography in anterior MI.
Diabetes 46,3% Leads Nb (%) | Culprit lesion

i 0,
Hypertension 26'80/° Proximal|Mid-LAD
Dysllp!demla 15,90/0 LAD Nb (%)
I;er_edltagl (IZAD 1,4% Nb (%)
ratentasay s V1, V2, V3 12 (22%)| 4 (33%) | 8 (67%)
S (o]
3H<n<6h 3% V1, V2, V3, V4 14 26%)| 8 (57%) | 6 (43%)
6 H<H< 12 H 23% V1, V2, V3, V4, V5, V6 4(7%) |2 (50%) | 2 (50%)
>12 H 18% V1, V2, V3, V4, V5, V6, DI, aVL|22 (41%)|16 (73%)| 6 (27 %)
Clinical presentation V3, V4, V5, V6, DI, aVL 1 0 1
Typical chest pain 88% :
Acute heart failure 7% 4.2.Inferior MI: o .
Values are mean SD or n (%). 43% of all Ml in our study were inferior. The RCA was the culprit
CAD: Coronary Artery Disease artery in 56% of cases and the LCX in 40% of cases. Coronary

angiography was normal in 2 patients (4%) (Figure 1).

RCA lesion LCx lesion
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Segment I
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Figure 1: RCA and LCx lesions in inferior Ml

Table 4 shows the ECG criteria predicting RCA or LCx lesion
ininferior Ml

3.Revascularization strategy:

Thrombolysis was performed in 56% of the cases, with a success
rate of 75%. Rescue angioplasty concerned only 5 patients. Only
14 patients underwent primary PCl. The rest of the patients
received conventional medical treatment.

Almost 75% of the patients underwent angioplasty of the culprit
lesion. A drug eluting stent (DES) was implanted in 66% of cases.
11 patients underwent coronary artery bypass grafting (CABG).

4. Correlation between ECG and coronary angiography:

4.1. Anterior MI:

55% of all Ml were anterior. LAD was the culprit lesion in 98% of
cases. In two cases, coronary angiography was normal. The sum of
ST segment elevation was found in leads V1, V2, V3 and V4. The
antero-septal localization was related to mid-LAD lesion in 67 % of
cases, and the extended anterior myocardial infarction was related
to proximal LAD lesion in 73% of cases.

The mirror image in the inferior territory was observed in 30% of
cases. Proximal LAD lesion was noted in 67% and 75%,
respectively, for the group with anterior MI and inferior mirror
image vs without mirrorimage.

involving the left anterior ascending artery (LAD)in 51%. ECG Criterion RCA (n=24)|LCx (n=17)|p value

1) ST-31mm DI 2(50%) [3(17%) |0,035
Table2: Electrical and angiographic findings 2) ST-»1mm avL (71%) [3(17%) | 0,001
Characteristcs | Value (%) 3) ST-aVL> DI 22 (91%) |1 (6%) <0,001
ECG territory 4) ST+ DIII> DII 1(88%) |[1(6%) |[<0,001
Antero-septal 29% 5) ST-yTmm V1 and/or V2 |11(46%) [7(41%) 0,767
Extensive anterior 24% S 5
Inferior 26% 6) ST+31mm V5 and/or V6 |6 35%) |6 (35%) | 0,475
Infero-basal 15% 7) ST isoelectric or (+) DI 2 (8%) 11 (64%) |<0,001
Inferior + Extension to RV 10% 8) ST+ »1mm V4r 10(41%) |0 0,002
Lateral 2% 9) ST+31mm V7 V8 5(21%) 6(29%) 0,476
Coronary artey Both Criterion (3) + Criterion [20(83%) |0 <0,001
LM 1% (4) positive
LAD 52% Both Criterion (3) + Criterion |0 15(88%) |<0,001
LCx 15% (4) negative
RCA 24%
RV : Right Ventricle, LM : Left Main coronary artery, , LAD :Left The sensitivity, specificity, positive predictive value (PPV) and
anterior descending artery, LCx : Left Circumflex, RCA : Right negative predictive value (NPV) of these different
Coronary Artery, electrocardiographic criteria are presented in Tables 5 and 6.

Table 5 : Sensitivity, specificity PPV and NPV of ECG criteria
when RCA is the culprit lesion in inferior MI.

ECG criterion Sensitivity | Specificity PPV NPV
ST- DI 50% 83% 80% 53%
ST- aVL 71% 83% 85% 67%
ST- avL>DI 92% 94% 96% 89%
ST- DIII>DII 88% 94% 96% 84%
ST+ Var 42% 100% 100% 55%
ST-aVL>Dland| 83% 100% 100% 81%
ST- DIlI>DII

Table 6 : Sensitivity, specificity PPV and NPV of ECG criteria
when LCx is the culpritlesion in inferior MI.

ECG criterion Sensitivity | Specificity | PPV | NPV
ST isoelectric or (+) in DI 65% 92% |85% (79%
Criterion A 82% 71% 67% |85%
Criterion B 88% 100% (100%|92%

Criterion A= Absence ST-in aVL lead ; Criterion B=ST- in lead aVL>
inlead Dland ST+ in lead DIII> in lead DIl : absent.
|
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DISCUSSION
There is a correlation between ischemic territories, ECG and
occluded artery.

The anterior infarction is invariably related to LAD occlusion. The
ST segment vector being directed to the left and lateral, ST
segment elevation is expressed in leads V1, V2, V3 and V4 [1,2].
Aldrich et al. reported similar results concerning the maximum ST
segment elevation in patients with anterior myocardial infarction
due to LAD occlusion. The ranking in descending order showed:
V2,V3,V4,V5,aVvL, V1, V6. Thus, among 68 patients with anterior
myocardial infarction, ST segment elevation was presentin lead V2
in 99% of the cases. Maximum elevation was found in leads V2
andV3[3].

ST segment elevation and depression in the ECG inform about the
proximal or distal location of LAD occlusion. In fact, proximal LAD
occlusion above the first septal and diagonal branches may involve
the basal part of the left ventricle, the anterior and lateral walls and
the interventricular septum; The ST segment vector is directed up
and to the left so the ST segment elevation concerns leads V1 to
V4, DI, aVL and often aVR, in addition ST segment depression in
leads DI, DIll, aVF and often V5 [4,5].

Our study reported similar results. Indeed, ST segment elevation in
lead aVL was foundin 72% of proximal LAD occlusion.

When LAD occlusion is located between the first septal and the
first diagonal branch, the basal part of the inter ventricular septum
is spared, ST segment vector is directed to aVL, ST segment
elevation appears in lead aVL but not in lead V1. In distal LAD
occlusion, below both the first septal and first diagonal branches,
the basal part of the left ventricle is not involved, and the ST
segment vector is oriented further down. Thus, the ST segment is
notelevatedin leads V1, aVR or aVL and is not depressed in leads I,
IIl, oraVF[35].

Englen etal. reported that ST segment elevation in lead aVR and an
ST elevation in V1= 2.5 mm, complete RBBB, or a ST segment
depression in V5 strongly predicts a proximal LAD occlusion above
the first septal. An elevation in leads V4-V6 is associated with a
occlusion after the first septal artery [6].

In our study, we reported two cases of anterior Ml with RBBB, the
two patients had a proximal LAD occlusion above the first septal
artery.

Ininferior MI, the amplitude of ST segment elevation is in descending
order: DIll, aVF, and DII. In the majority (80 to 90%) of cases, ST
segment elevation in inferior leads is related to RCA occlusion, but
Lcx lesion can also produce similar electric modifications [7].

Cooksey et al. found that lead DIll is oriented towards the right
inferior segment, while Dl is oriented towards the left one, this can
explain that lead DIl is more often influenced by RCA lesions and
lead DIl by LCx lesions [8].

These data were supported by Zimetbaum et al. who have
demonstrated that RCA occlusion is responsible of ST segment
elevationin lead DIII> DIl with a PPV of 97% [9].

Chia et al reported that this criterion has a sensitivity of 97%, a
specificity of 90%, a PPV of 97% and a NPV of 90% in RCA
occluion[10].

Birnbaum et al. reported that ST segment depression in the lead
aVLwas one of the early sign of inferior MI[11].

Hasdai et al found that ST segment depression = T mm in lead aVL,
was suggestive of RCA occlusion with a sensitivity rate of 100%,
but a specificity rate of 38%. On the other hand, the absence of
this criterion predicts LCx occlusion with a sensitivity rate of 86%
and a specificity rate of 100% [12].

In our study, ST segment elevation was more marked in lead DIl

than Dllin 88% of the RCA group versus 6% only in LCx group. ST
segment depression was more important in lead aVL than DI in
91% of RCA group against 6% only in LCx group. Both criteria
were positive in 83% of patients in RCA group and 0% in the LCx
group, while both criteria were negative in 88% of the group and
0% in RCA group. This means that when both criteria are positive:
LCx is not the culprit artey; when both are negative: RCA is not the
culpritartey (p<0.001).

ST segment depression in lead aVL was related to RCA occlusion
with a sensitivity rate of 71% and a specificity rate of 83%. After
measurement of ST depression DI/aVL ratio the sensitivity and
specificity rate were 92% and 94 % respectively. The PPV was 96 %
and the NPV was 89%.

We concluded that ST segment elevation in lead DII>DIl or ST
segment depression more marked in aVL than in DI are sensitive
and specific markers for the RCA occlusion. The combination of
these two criteria increases the sensitivity and specificity at a value
that reaches 90% and more. If both criteria are negative, occlusion
isrelated to LCx with a PPV of 100%.

CONCLUSION

In anterior M, LAD is almost the exclusive the culprit artery, ECG
analysis help to identify the segment involved: proximal, mid or
distal. In inferior MI, ECG studies allow to predict the culprit lesion
with much more precision.
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