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Correlation between electrocardiographic changes and coronary
findings in patients with acute myocardial infarction and single-
vessel disease

Abdallah Sanaani', Srikanth Yandrapalli’, George Jolly’, Rajiv Paudel’, Howard A. Cooper', Wilbert S.
Aronow'

'Division of Cardiology, 2Department of Internal Medicine, Westchester Medical Center, New York Medical College, Valhalla, NY, USA; *Heart and
Vascular Institute of Texas, San Antonio, TX, USA
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Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Wilbert S. Aronow, MD. Division of Cardiology, Westchester Medical Center and New York Medical College, Macy Pavilion,
Room 141. Valhalla, NY, USA. Email: wsaronow@aol.com.

Background: Correlation of ST-segment elevation on the 12-lead electrocardiogram (ECG) with the
expected affected coronary territory is established in patients with ST-elevation myocardial infarction
(STEMI). In patients with non-ST-elevation myocardial infarction INSTEMI), correlation of ischemic ECG
abnormalities with the affected coronary territory has not been well-established. We sought to investigate the
correlation of electrocardiographic abnormalities with the location of 1-vessel obstructive coronary artery
disease (CAD) in patients with both STEMI and NSTEMI.

Methods: In this retrospective study, the charts of all patients referred for coronary angiography in 2012
were reviewed. Patients with a single obstructive coronary artery plus angina-equivalent symptoms and an
elevated cardiac troponin I was included. Available ECGs were interpreted by an experienced cardiologist
(WSA) blinded to the result of angiography. Patients with complete bundle branch block or ventricular
pacing were excluded. Ischemic ECG changes were correlated to a coronary territory based on predefined
criteria.

Results: Of 131 included patients (mean age 64+13 years; 74% male), 29 had STEMI and 102 had
NSTEMI. Eleven of 11 patients (100%) with anterior STEMI had left anterior descending artery (LAD)
obstructive CAD. Of 18 patients with inferior STEMI, 14 (78%) had right coronary artery (RCA)
obstructive CAD, 3 (17%) had left circumflex artery (LCX) artery obstructive CAD, and 1 (5%) had LAD
obstructive CAD. Of 102 NSTEMI patients, 53 (52%) had definite ECG ischemic abnormalities. Of 31
patients with anterior definite ECG ischemic abnormalities, 30 (97%) had LAD obstructive CAD, and 1 3%)
had RCA obstructive CAD. Of 22 patients with inferior definite ECG ischemic abnormalities, 14 (64%) had
RCA obstructive CAD, 5 (23%) had LCX obstructive CAD, and 3 (14%) had LAD obstructive CAD.
Conclusions: Patients with anterior STEMI had LAD obstructive CAD. Patients with inferior STEMI
were highly likely to have RCA or LCX obstructive CAD. Only half of NSTEMI patients had definite
ischemic ECG abnormalities. When present, anterior ischemic ECG changes in patients with single vessel

CAD with NSTEMI were predictive of LAD obstructive CAD.

Keywords: Electrocardiogram (ECG); ST-elevation myocardial infarction (STEMI); non-ST-elevation
myocardial infarction (NSTEMI); 1-vessel obstructive coronary artery disease (1-vessel obstructive CAD); coronary

angiography
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Introduction

The electrocardiogram (ECG) is essential in the evaluation
of patients with suspected acute myocardial infarction
(AMI). Correlation of ST-segment elevation on the 12-
lead ECG with the expected affected coronary territory is
well established in patients with ST-elevation myocardial
infarction (STEMI) (1). Non-ST-elevation myocardial
infarction (NSTEMI) usually affects older patients with
multiple comorbidities and multi-vessel coronary artery
disease (CAD). In patients with NSTEMI, correlation of
ischemic ECG abnormalities with the affected coronary
territory has not been well-established (2). We assessed the
correlation between ischemic ECG changes and the affected
coronary territory in patients with STEMI and NSTEMI
and 1-vessel CAD.

Methods

We conducted a retrospective review of the medical
records of all patients referred for coronary angiography
at our institution in the year 2012. We selected patients
with obstructive CAD in a single coronary territory [left
anterior descending artery (LAD), right coronary artery
(RCA), or left circumflex artery (LCX)]. Obstructive
1-vessel CAD was defined as greater than 50% occlusion
of a main coronary artery or important branch vessel, with
less than 50% occlusion of all other coronary arteries. From
this group, we then selected those patients who presented
with AMI, defined as at least one elevated troponin I level
(>0.04 ng/mL as defined by the local laboratory) and
presenting symptoms of chest pain, acute dyspnea, or both.
All ECGs obtained during the index hospitalization, as
well as previous ECGs (when available for comparison) were
interpreted by a single experienced electrocardiography
(WSA) who was blinded to patient history, angiographic
findings, and previous ECG interpretation. The ECG
criteria for STEMI were new ST elevation at the ] point
in two contiguous leads with the cut-points of >0.1 mV in
all leads other than leads V1-V3, where elevation >0.2 mV
was required. In the absence of criteria for STEMI, definite
ischemic abnormalities were considered to be present if
there was new horizontal or down-sloping ST depression
>0.05 mV in two contiguous leads or T-wave inversion
>0.1 mV in two contiguous leads with prominent R wave
or R/S ratio >1 or both (3). The ECG interpretations were
reported as (I) no definite ischemic changes; (II) infarction
if STEMI criteria were met; (III) definite ischemic ECG
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changes in the absence of criteria for STEMI, either
anterior (V1-V4), inferior (II, III, aVF), or lateral (I, aVL,
V5,V6) @).

Results

We identified 131 consecutive patients with AMI and
1-vessel CAD. These included 97 men (74%) and 34 women
(26%), with a mean age 6413 years (Table I). According to
blinded ECG review, 29 (22%) had STEMI and 102 (78%)
had NSTEMI (7able 2). Among 11 patients with anterior
STEMI, all 11 (100%) had LAD obstructive CAD, whereas
among 18 patients with inferior STEMI, 14 (78%) had
RCA obstructive CAD, 3 (17%) had LCX obstructive CAD,
and 1 (5%) had LAD obstructive CAD. Of 102 patients
with NSTEMI, 53 patients (52%) had definite ischemic
ECG abnormalities. Among these, 31 (59%) had anterior
ECG ischemic abnormalities, and 22 had inferior ECG
ischemic abnormalities. Of the 31 NSTEMI patients with
anterior ECG ischemic abnormalities, 30 (97%) had LAD
obstructive CAD, and 1 3%) had RCA obstructive CAD.
Of the 22 NSTEMI patients with inferior ECG ischemic
abnormalities, 14 (64%) had RCA obstructive CAD, 5
(23%) had LCX obstructive CAD, and 3 (14%) had LAD
obstructive CAD (Tuble 2).

Discussion

The ECG is an important initial diagnostic tool in the
evaluation and management of patients presenting with
chest pain. ECG findings form the basis on which acute
coronary syndromes are classified into STEMI, NSTEMI,
or unstable angina, a classification which provides
information regarding the extent of myocardium at risk and
guides initial therapy.

ST-segment elevation is a sign of transmural ischemia
and identifies patients who are likely to benefit from urgent
revascularization. The relation between ST-segment
elevation on the ECG and the occluded coronary artery
has been established in multiple clinical studies in patients
with ACS (1). LAD coronary artery obstruction most often
results in ST-segment elevation in the precordial leads V1-
V4 (anterior, anteroseptal patterns) (1,5). In rare instances,
ST-segment elevation in leads V1-V4 signifies RCA
occlusion with concomitant right ventricular infarction (1).
Isolated ST elevation in leads V4-V6, without ST elevation
in leads V1-V3, is usually due to an occlusion of the
LCX or distal diagonal branch rather than the main LAD
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artery (1). ST-segment elevation in leads II, III, and aVF
is associated with infarction of the inferior wall (1,5). The
culprit vessel in inferior MI may be either the RCA (in the
majority of cases) or the LCX artery (5). Consistent with
prior studies, we found that all of our patients with anterior
STEMI had LAD obstructive CAD, while among patients
with inferior STEMI almost 80% had an occluded RCA
and all but 1 of the remainder had an occluded LCX artery.
Among patients with NSTEMI, we found that only 53%
of patients had definite ECG ischemic abnormalities. This
could be due to the fact that we only included patient with
single- vessel CAD, while a large percentage of patients

Table 1 Baseline characteristics

Characteristic N=131
Age, mean + SD (years) 64+13
Men [%] 97 [74]
Chest pain [%] 114 [87]
Dyspnea [%] 29 [22]
Serum creatinine, mean + SD (mg/dL) 111
Left ventricular ejection fraction, mean + SD (%) 51+13
Hypertension (%) 64.9
Diabetes mellitus (%) 25.9
Peripheral vascular disease (%) 8.4
Dyslipidemia (%) 64.9
Smoking (%) 57.3
Carotid stenosis (%) 2.3
Cerebrovascular accident (%) 7.6
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with NSTEMI have multivessel CAD. This low percentage
could also be explained by the relatively low troponin level
we used for inclusion in our study. Other studies have shown
higher percentages of ECG changes in NSTEMI, especially
if the ECG is obtained during chest pain (6). The ECG in
our study was recorded on admission and not necessarily
during active chest pain which could explain the lower
percentage of ECG changes. However other investigators
that included both unstable angina and NSTEMI as in the
TIMI registry study reported lower percentages. New ST
segment depression >1 mm was present in only 14.3% of
1,416 enrolled patients, isolated T wave inversion in 21.9%
of patients. Ischemic ECG changes were present in about
25% patients in a similar study (7,8).

The correlation of ischemic ECG changes with culprit
lesion location in NSTEMI has not been extensively
reported in the literature (9-11). One study examined
ECGs obtained during spontaneous angina or exercise
stress testing in patients with angiographically documented
1-vessel CAD. T-wave inversion correctly identified the
location of the coronary disease in 84%, and ST depression
in 60% of patients (12). In our study, we found that
97% of NSTEMI patients with anterior definite ECG
ischemic abnormalities had single vessel LAD disease. This
correlation was not as strong for inferior ECG ischemic
abnormalities in which 14% of patients did not have RCA
or LCX disease but had LAD disease. This discrepancy
could be explained to a long wrap-around LAD perfusing
part of the inferior wall. An alternative explanation is that
inferior wall ECG ischemic abnormalities in NSTEMI are
less specific than anterior changes.

The following limitations of this study should be
considered. First, we included only patients with 1-vessel

Table 2 Correlation of ischemic ECG changes with culprit lesion anatomy

STEMI [%]

NSTEMI [%]

Characteristics
Anterior ST elevation

Anterior ischemic Inferior ischemic

Inferior ST elevation

changes changes

Patients 29 [22] 102 [78]

ECG changes 11 18 31 22
LAD obstructive CAD 11 [100] 15] 30 [97] 3[14]
RCA obstructive CAD 0 14 78] 1[3] 14 [64]
LCX obstructive CAD 0 3[17] 0 5[23]

ECG, electrocardiogram; STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST elevation myocardial infarction; LAD, left anterior
descending; CAD, coronary artery disease; RCA, right coronary artery; LCX, left circumflex artery.
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CAD, which although it increases accuracy in determining
the culprit lesion, makes it less generalizable to the
whole NSTEMI population in which multi-vessel CAD
is common. Second, we did not analyze ischemic ECG
changes by subtype (ST-segment depression vs. T-wave
inversion), but rather by the presence or absence of definite
ischemic changes overall. Third, the presence or absence
of symptoms at the time the ECG was recorded could not
be ascertained in this retrospective study. Fourth, the small
number of patients with NSTEMI and definite ischemic
changes makes for less stable estimates.

Conclusions

In this retrospective study of patients with ischemic
symptoms, an elevated troponin I level, and 1-vessel CAD
on coronary angiography, only 53% of the NSTEMI
patients demonstrated definite ischemic ECG abnormalities.
In both STEMI and NSTEMI patients, anterior ischemic
changes, when present, were highly predictive of LAD
disease. However, inferior ischemic changes were less
reliable in predicting the location of the culprit lesion.
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