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Abstract

BACKGROUND: Electrocardiographic (ECG) study is a principle for the symptoms contributed to
the acute myocardial infarction (AMI)/acute coronary syndrome (ACS). The diagnosis of
involved coronary artery based on ECG changes is still a challenge. This study is aimed to
evaluate the association of mere changes in I and aVL leads with the involved region found
through echocardiography and involved coronary artery through angiography.

METHODS: This cross-sectional study was conducted on 100 patients referred with AMI/ACS
symptoms that had mere ECG changes in I and aVL leads (ST elevation + Q wave/ST depression
+ inverted-T). Transthoracic echocardiography (TTE) and coronary angiography (CAG)
were performed for the patients. The correlation of ECG with echocardiography and
angiography was assessed.

RESULTS: Among the studied population, 39 patients (39%) were women with the
mean + standard deviation (SD) of age of 64.60 + 9.39 years. There was no significant
association between ECG changes in leads I and aVL with neither the stenosis of first diagonal
(D1) coronary artery found through angiography (P = 0.580) nor the mid-anterior wall
dyskinesia found through echocardiography (P = 0.380). A remarkable association between the
echocardiographic findings representing mid-anterior wall ischemic dyskinesia with the stenosis
of D1 coronary artery was detected (P < 0.001). The sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of 100%, 54.54%, 94.68%, and 100% were
respectively found as the diagnostic values of mentioned factors.

Hasan Shemirani

CONCLUSION: Our findings showed significant association between D1 involvement and
mid-anterior dyskinesia in echocardiography, while the changes in ECG were associated neither
with echocardiographic nor angiographic outcomes.
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Introduction
Electrocardiographic (ECG) study is a principle for
those presenting the symptoms that contributed to
the acute myocardial infarction (AMI)/acute
coronary syndrome (ACS).! The correlation of
ST-segment elevation in 12-lead ECG with the
territory of coronary arteries has been well evaluated
among the patients with ST-elevated myocardial
infarction (STEMI) but not non-STEMI.13 On the

other hand, except for a few numbers of studies,
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Leads I, aVL & CAG & Echocardiography

practices on autopsies have presented a weak
correlation of the extent of myocardial necrosis and its
location with the ECG findings, (Q waves in special.*

In AMI, the involvement of left anterior
descending (LAD) artery is in direct association with
the extent of necrosis and the patients' prognosis.>
Moreover, the differentiation of LAD occlusion
from the first diagonal (D1) artery through ECG
interpretation is still an essential matter, as both can
represent ECG changes in precordial leads and high
lateral ones (I and aVL). The significance of this
differentiation can be better clarified, considering the
difference in the size of the necrosis affected by the
involvement of either LAD or D1,% as D1 supplies
high lateral and mid-anterior part of myocardium,
while LAD distributes the blood to more huge areas
ovetlapping some territories of D1 as well. Some
authors believed that normal V1 lead accompanying
with ST-segment, T wave, and QQ wave changes in 1
and aVL leads may represent involvement of D1
coronary artery but not LAD.”

Due to the limited number of studies with
controversial presentations, we aimed to evaluate
the association of mere changes in I and aVL leads
with  the involved region found through
echocardiography and involved coronary artery
through angiography.

Materials and Methods

This cross-sectional study was conducted on
100 patients referring with the ECG changes in the
high lateral leads of I and aVL following the typical
symptoms and signs of an ACS/AMI to Chamran
Hospital, Isfahan, Iran, from May 2017 to April
2019. Patients older than 40 years who referred with
suspicious symptoms of ACS/AMI including
typical chest pain/angina, dyspnea, perspiration,
nausea, vomiting, lightheadedness, signs of
ACS/AMI including tachycardia, bradycardia,
tachypnea, hypertension (HTN), hypotension,
decreased oxygen saturation (O sats), and
dysrhythmia, and ECG changes in the leads I and
aVL with normal ECG in other territories and
underwent coronary angiography (CAG) and
echocardiography were included. Complete left
bundle branch block (LBBB), left ventricular (ILV)
hypertrophy, echocardiographic tindings
determining old myocardial Infarction (MI), and
previous history of cardiac surgery were exclusion
criteria of this study.

The study protocol was approved by the Ethics
Committee of Isfahan University of Medical
Sciences (ethical number: 396011). The study

process was explained for the patients, and they
were reassured about the confidentiality of their
personal information. After that, the patients were
requested to sign a written consent form of
participation in this study. The participants were
selected through convenience sampling until
achieving the demanded population. Then the
participants' age and gender were recorded in the
study checklist. Following the patients' referral to
the mentioned cardiology centers with the
symptoms contributing to ACS/AMI, 12-lead ECG
was taken from them immediately at the time of
admission and then every 10 minutes until the third
ECG was taken. The ECGs were interpreted by a
skilled resident of cardiology assessing the axis
deviations from normal ECG, Q wave + ST-segment
elevation or ST-segment depression + T wave
inversion in high lateral I and aVL leads merely. The
most intensive changes found in the taken ECGs
were included for further assessments. Q waves
with the least duration of 30 milliseconds were
considered for the study. Besides, ST-segment
changes (whether elevation or depression) were
defined as over 0.5 mV of elevation regarding the
basic line in limb leads and more than 0.1 mV in
precordial ones. The CAG was performed for
the participants as well to evaluate involvement of
other coronary arteries.

In addition, the echocardiography was done for
all of the participants, and the mid-anterior
involvement of myocardium following the recent
ischemia (as a result of D1 coronary artery stenosis),
considering wall motion disorders including
mid-anterior hypokinesia and/or dyskinesia, was
assessed. The echocardiography was performed
based on Simpson method. In order to minimize
the interobserver bias, all of the echocardiography
and CAG were performed by a single expert
interventional cardiologist.

Statistical analysis: Obtained data were entered into
the SPSS software (version 22, IBM Corporation,
Armonk, NY, USA) for the analysis. Continuous
variables were described using mean =+ standard
deviation (SD) and categorical variables using
numbers and percentage. Chi-square test was used to
compare frequency for categorical variables. Besides,
the sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were
measured for the correlation of ECG changes with
the involved ischemic coronary artery. P-value of less
than 0.050 was considered significant.

Results
The total number of 100 patients with mere ECG
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changes in I and aVL following ACS/AMI but no
other leads were included. Participants underwent
echocardiography in order to find the myocardial
wall motion dysfunctions. Among the assessed
patients with ACS/AMI, 39 ones (39%) were
women. The mean £ SD of age of all participants
was 64.67 £ 9.39 years [64.84 £ 8.61 years (range:
46-81 years) in women and 6455 * 9.92 years
(range: 43-85 years) in men]. Q waves +
ST-elevation were detected in I and aVL leads of
ECGs taken from 16 patients (16%) and the latter
84 ones (84%) had ST-segment depression + T
wave inversion changes in the ECG. Table 1
summarized the baseline characteristics and CAG
and echocardiographic findings. The ECG changes
in leads I and aVL had no statistical association with
the stenosis of D1 coronary artery found through
CAG (P = 0.580) (Table 2).

Table 1. Baseline characteristics, coronary angiography
(CAG), and echocardiography findings of the patients

Variables Number (%)
Sex
Women 39 (39)
Men 61 (61)
DM 28 (28)
HTN 42 (42)
Former or current smoker 42 (42)
Involvement of diagonal on CAG 94 (94)
Mid-anterior wall ischemic changes 89 (89)
Mean £+ SD
Age (year) 64.67 £ 9.39
Women 64.84 + 8.61
Men 64.55 £ 9.92
BMI (kg/m?) 26.10 + 5.30
LVEF (%) 38.30+ 12.30

DM: Diabetes mellitus; HTN: Hypertension; SD: standard
deviation; CAG: Coronary angiography; BMI: Body mass
index; LVEF: Left ventricular ejection fraction

The echocardiography study of patients revealed
no statistical association between the high lateral
ECG changes (changes found only in leads I and
aVL) and the evidence presenting mid-anterior
wall dyskinesia (P = 0.380) (Table 3). We
observed a remarkable association between the
echocardiographic  findings representing mid-

anterior wall ischemic dyskinesia with the CAG
results regarding the stenotic status of D1 coronaty
artery (P < 0.001) (Table 4).

The sensitivity, specificity, PPV, and NPV of
ECG changes in I and aVL leads for detection of
mid-anterior ~ wall  ischemic  dyskinesia in
echocardiography were 100%, 54.54%, 94.68%, and
100%, respectively.

Discussion

Although it has been well established that the
affected territory of the coronary artery is in
correlation with the ECG changes among the
STEMI cases, the anatomical pattern of the
coronary arteries may be affected by the ethnicities
and races.* In addition, despite the findings in favor
of the correlation between ECG changes in the
leads 1 and aVL with the occluded D1 coronary
artery, this correlation about the apparent site of
anterior territory involvement is still a challenge.® In
the current study, we observed that ECG changes in
the high lateral leads (while other leads represented
no changes) were in association with the findings of
neither CAG nor echocardiography, representing
the mid-anterior wall motion ischemic akinetic or
dyskinetic changes. This may have occurred as we
included patients with ECG changes including Q
wave plus ST-segment elevation and also,
ST-segment depression plus inverted T waves.

Our finding showed a significant association of
echocardiography findings presenting mid-anterior
wall ischemic dyskinetic movements with the
involvement of D1 but no other coronary arteries
found in the CAG. This correlation had a sensitivity
of 100%, the specificity of 54.54%, and PPV of
100% as well. Therefore, echocardiography tindings
contributed to the mid-anterior wall motion
dysfunction, as a noninvasive modality, are a valuable
means for the correct diagnosis of D1 coronary
artery territory involvement.

In the literature, most of the previous studies
have assessed the association of ECG changes,
including ST-elevation, T inversion, and Q waves
with the site of coronary artery occlusion found in
the angiography.-10

Table 2. The association of electrocardiographic (ECG) changes with the first diagonal (D1)

Variables

ECG Q wave + ST-segment elevation

coronary artery stenosis through coronary angiography (CAG) study

P

16 (16) 0.580

ST-segment depression + T wave inversion 6 (6) 78 (78)

Data are presented as number and percentage
ECG: Electrocardiography; D1: First diagonal
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Table 3. The association of electrocardiographic (ECG) changes with the mid-anterior ischemic changes of
cardiac echocardiography
Variables

Mid-anterior wall ischemic changes

ECG Q wave + ST-segment elevation

ST-segment depression + T wave inversion

0(0) 16 (16) 0.120
11 (11) 73 (73)

Data are presented as number and percentage
ECG: Electrocardiography

Table 4. The association of first diagonal (D1)
coronary artery stenosis through coronary artery
angiography with the mid-anterior wall ischemic
changes through echocardiography

Variables Mid-anterior wall P

ischemic changes
No Yes

Dl1coronary  Yes 5(5)
artery Stenosis

89 (89) <0.001
No 6(6) 0 (0)

Data are presented as number and percentage

D1: First diagonal

In this term, the authors have presented that
changes in mentioned ECG patterns in V1-V4 leads
and anterior and anteroseptal patterns were in
accordance with LAD stenosis.!! In rare cases,
ST-elevation in V1-V4 leads is associated with the
right coronary artery (RCA) occlusion due to
concurrent right ventricular (RV) infarction.? In
inferior Mls, changes presented in inferior leads of
11, III, and aVF that may be representative of either
left circumflex artery (LCX) or RCA in the majority
of the population.! ST-elevation in precordial
V4-V6 leads without any change in the V1-V3 leads
was in correlation with the significant stenosis of
LCX or distal diagonal branch rather than the main
LAD coronary artery.? Nevertheless, findings
regarding the D1 artery are limited and
controversial. There are studies theoretically
presenting that the ST-segment elevation in the lead
aVL is in association with the D1 coronary artery
occlusion, but the value of this finding has not been
well established. Therefore, authors were searching
for other determinants showing the D1
involvement following AMI.1>14 Contrary to our
study, Kotoku et al. assessed aVL and V1 leads for
the determination of D1 artery involvement. They
presented that ST-elevation in aVL accompanying
with less than 1 mm of elevation in lead V1 could
remarkably present the D1 involvement detected
through CAG.® As mentioned above, these findings
were declared by Iwasaki et al. as well in 1994.7
Another study by Abu Fanne et al. in 2019
presented that ST-elevation in leads I, aVL, and V2
was remarkably associated with the lateral wall

involvement representing the D1 occlusion. They
went on that additional reciprocal changes in the
inferior lead plus normal V3-V5 were firmly in favor
of D1 involvement.!> The other study by Ghosh et
al. in contrast to our study declared that Q wave in
aVL with/without more than 1 mm depression in
lead II or ST-elevation in the lead V2 represented
proximal occlusion of D1 with considerable
specificity of 90% but a low sensitivity.

The association of ECG changes with regional
valve motion abnormalities has been assessed
previously as well. Golovchiner et al. have declared
considerable specificity and sensitivity of ST-segment
changes in precordial leads whether elevation or
depression in the both global and regional wall
motion abnormalities detection in mid-posterior
segments using echocardiography.!® Similar to our
study, Czechowska et al. found no association
between regional wall motion abnormalities through
echocardiography and ST-segment changes in leads 1
and aVL,"” while the other study by Porter et al.
presented that ST elevation was in direct correlation
with abnormal regional wall motion of basal anterior
segment.' Considering the controversial
presentations of vatious studies, further evaluations
are strongly recommended. To the best of our
knowledge, this is the first study assessing the
concordance of angiography findings representing
only D1 stenosis with echocardiographic assessments
about the extent of cardiac wall abnormal motions.
Alonso-Gomez et al. conducted a study on patients
who had absolute diagnosis of LAD involvement
using angiography. They evaluated the value of stress
echocardiography and compared it with the value of
ECG changes in the territory of LAD. They
presented remarkable specificity and sensitivity of
74% and 92%, respectively, for echocardiographic
findings representing anterior myocardial wall
movement dysfunctions. The values were less for
ECG as 74% of sensitivity and only 26% of
specificity.’ The other study by Peteiro et al. in 2003
revealed significant specificity (79%) and sensitivity
(79%) of exercise echocardiography with the
involved artery found in CAG. The exercise
echocardiography rather than usual
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echocardiography was required in their study as they
performed angiography within four months
following ischemia.?® In the other study,
Esmaeilzadeh et al. did not assess the values of
echocardiography to correctly diagnose the involved
territory found either by CAG or ECG; they
performed echocardiography in acute phases
following AMI and declared remarkable valuable
findings representing the extension and localization
of myocardium injury.?!

In summary, we assessed the CAG and
echocardiography findings among the patients
representing AMI/ACS symptoms who had ECG
changes only in aVL and I leads. In the current study,
we found significant correlation between D1
coronary artery involvement with the mid-anterior
wall dyskinesia, while no association was found
between mere involvement of leads aVL and I with
neither angiography nor echocardiography.

Conclusion

Based on our study, there was no remarkable
association between leads I and aVL changes
following ACS/AMI with neither echocardiography
study nor angiography assessment, while the
mid-anterior  segment regional wall motion
abnormalities were in ditect correlation with the
CAG representing mere involvement of D1 but not
LAD with considerable sensitivity of 100% and
specificity of 54.54%. Due to the value of
echocardiography as a noninvasive modality and
limited number of studies assessing this issue,
further studies are strongly recommended.
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