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Usefulness of the Electrocardiogram in Predicting the Occlusion
Site in Acute Anterior Myocardial Infarction with Isolated Disease
of the Left Anterior Descending Coronary Artery
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Introduction and objectives. In acute anterior myocar-
dial infarction (AMI), the site of occlusion in the left ante-
rior descending coronary artery (LAD) is related to the ex-
tension of myocardial necrosis and the prognosis. The
aim of this study was to assess the value of the electro-
cardiogram (ECG) as a predictor of the LAD occlusion
site in patients with anterior AMI.

Methods. Forty-five consecutive patients with a first an-
terior AMI and isolated disease of the LAD were included.
We evaluated retrospectively the ECG with the most pro-
nounced ST-segment changes before fibrinolysis and co-
rrelated the findings with the site of LAD occlusion in
angiography before hospital discharge in relation to the
first dominant septal and first diagonal branch: first septal
affected (S), first diagonal affected (D), both affected
(S + D), or neither affected were considered.

Results. ST depression in leads I, Ill, or aVF strongly
predicted proximal LAD occlusion in S + D, S, and D
(p = 0,003, p = 0,04, and p = 0,02, respectively). ST ele-
vation in leads Il Ill, or aVF was observed only in the pre-
sence of wrap-around LAD and was related with occlu-
sion distal to the first diagonal branch. ST elevation > 3
mm in lead V1 was a specific predictor of occlusion proxi-
mal to first septal (S, p = 0,01). ST elevation in aVR was
associated with proximal LAD occlusionin S + D and S (p
= 0,03 and p = 0,03, respectively) and absence of coro-
nary collateral circulation.

Conclusions. In anterior AMI and isolated LAD disea-
se, the ECG can be useful in predicting the LAD occlu-
sion site in relation to its major side branches.
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Utilidad del electrocardiograma para predecir el
lugar de la oclusion en el infarto agudo de miocardio
anterior con enfermedad aislada de la arteria
descendente anterior

Introduccién y objetivos. En el infarto agudo de mio-
cardio (IAM) anterior, el lugar de la oclusion de la arteria
descendente anterior (DA) se relaciona con la extensién
de la necrosis y con el pronédstico. El propdsito del estu-
dio fue valorar la utilidad del electrocardiograma (ECG)
para predecir el lugar de la oclusion de la DA en pacien-
tes con IAM anterior y enfermedad aislada de la DA.

Métodos. Estudio retrospectivo en el que se incluyen a
45 pacientes consecutivos con un primer IAM de localiza-
cién anterior y enfermedad aislada de la DA. Analizamos
el ECG que mostr6 la mayor desviacion del segmento ST
(ST) previo al tratamiento fibrinolitico y lo correlaciona-
mos con el nivel lesional en la DA en coronariografia rea-
lizada antes del alta hospitalaria en relacién con la prime-
ra septal dominante y primera diagonal, distinguiendo:
territorio septal afectado («S»), territorio diagonal afecta-
do («D»), ambos afectados («S + D») o ninguno.

Resultados. El descenso del segmento ST en las de-
rivaciones Il, Ill o aVF fue un potente predictor de lesion
proximal en la DA en las localizaciones angiogréaficas «S
+ D», «S» y «D» (p = 0,003, p = 0,04 y p = 0,02, respec-
tivamente). El ascenso del ST en I, lll o aVF Unicamen-
te se observé en pacientes con una DA desarrollada
que daba la vuelta al apex y se relacion6 con lesién distal
a la diagonal dominante (p < 0,01). El ascenso del ST en
V1 > 3 mm fue un predictor especifico de oclusién proxi-
mal a la primera septal («S», p = 0,01). El ascenso del ST
en aVR se asocié con afectacion de «S + D» y «S» (p =
0,03 y p = 0,03, respectivamente) y ausencia de circula-
cién colateral al territorio de la DA.

Conclusiones. En el IAM anterior y enfermedad exclu-
siva de la DA, el ECG puede ser una herramienta util en
la prediccion del nivel lesional de la DA en relacion con
sus ramas principales.

Palabras clave: Electrocardiografia. Infarto de miocar-
dio. Angiografia.
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ABBREVIATIONS

AMI: acute myocardial infarction
ADA: anterior descending artery
ECG: electrocardiogram

S: first dominant septal artery

D: first dominant diagonal artery
CPK: creatinphosphokinase

T ST: elevation of the ST segment
\ ST: depression of the ST segment

INTRODUCTION

In acute myocardial infarction (AMI) of the inferior
face, the site of occlusion in the anterior descending
coronary artery (ADA) is related to the extent of the
myocardial necrosis as well as patient prognosis.!”
There have been several studies that attempted to co-
rrelate electrocardiogram (ECG) results with the site
of the occlusion of the ADA in anterior infarcts; the
degree of success of these studies varied, likely becau-
se of factors such as the number of vessels affected,
the presence or absence of collateral circulation, and
the degree of development of each of the coronary te-
rritories.*®

The aim of the present study is to analyze the use-
fulness of ECG for predicting the amount of damage
to the ADA in patients with anterior AMI and isolated
disease of the ADA.

METHODS

We studied 52 consecutive patients admitted to our
hospital with a diagnosis of anterior AMI, defined as
typical chest pain lasting more than 30 minutes, ac-
companied by an ST segment elevation of 2 mm in at
least 2 contiguous leads from the precordial series, an
elevation in blood creatinphosphokinase (CPK) at least
twice the upper limit of normal, and isolated disease of
the ADA on coronary angiography. We excluded from
the study patients with complete left branch block of
the ST segment on acute ECG, those with left
ventricular hypertrophy as determined by the Sokolow
index, and patients with electrocardiographic evidence
of an old infarct or a subacute infarct. A total of 45 pa-
tients remained in the study group who fell within the
appropriate parameters. Mean patient age was 59+11
years, and more than 86% of the patients were men.

We analyzed the admission ECG results (standard
12-lead recording, recording velocity 25 mm/second,
calibration 1 mV=10 mm) that showed the greatest ST
segment changes before the initiation of reperfusion
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therapy. The variables analyzed were: ST segment
changes at the J point and 80 ms from the J point, in-
traventricular conduction on acute ECG, and the pre-
sence of pathological Q-waves on evolutionary ECG.
With regard to ST segment changes, we specifically
analyzed those results that, in previous studies, were
found to be related to the extent of the damage, speci-
fically: ST segment depression and elevation in leads
II, III, or aVF; depression and elevation in leads I or
aVL; ST elevation in leads aVR; ST elevation in lead
V2 greater than that in V3; ST elevation in V1 of more
than 2 or 3 mm; and ST depression and elevation in le-
ads V4, V5, or V6. The level of ST changes was mea-
sured manually in each lead, considering the preceding
P-Tp segment to be the isoelectric line. The measure-
ments from 3 successive heartbeats were averaged by
an observer who was blinded to the angiographic fin-
dings.

Coronary angiography was performed an average of
6 days after the acute episode (range, 1 to 13 days) in
all patients after receiving thrombolitic treatment,
which was administered in 40 of the 45 patients. The
angiographic variables (which were analyzed by an ob-
server who was blinded to the electrocardiographic fin-
dings) were: location of the causative AD lesion (defi-
ned as the most serious stenosis with a residual
thrombus or ulcerated plaque) in association with the
dominant septal and first diagonal arteries, develop-
ment of the AD and diagonal arteries, segment contrac-
tility changes, and qualitative analysis of overall systo-
lic function of the left ventricle on ventriculography.

Anatomic variability of the coronary tree meant that
in some patients the dominant septal artery had its ori-
gin in the anterior descending artery before the outlet
of the dominant diagonal artery (proximal to the dia-
gonal artery), while in other cases its origin was distal
to the diagonal artery. In our study, the lesion was pro-
ximal to both the septal and diagonal arteries in 14 pa-
tients; proximal to the septal artery and distal to the
diagonal artery in 10 patients; proximal to the diagonal
artery and distal to the septal artery in 11 patients; and
distal to both the septal and diagonal arteries in the re-
maining 10 patients. We analyzed the predictive capa-
city of electrocardiographic changes with regard to 4
possible angiographic findings: a) the area of the sep-
tal and diagonal arteries involved (S+D, 14 patients)
vs the remaining patients (31); this enabled evaluation
of the proximal ADA damage with all involved areas
in situations where some dependent area of the ADA
was safeguarded; b) the area of the septal artery area
involved (S) by means of proximal lesion at the origin
of the septal artery (14+10) vs the other patients; c¢) the
area of the diagonal artery involved (D) via proximal
damage to the origin of the diagonal artery (14+11) vs
the other patients, and d) none of the areas involved by
damage distal to the septal and diagonal arteries (10
patients).
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TABLE 1. Demographic, clinical, and angiographic
data of the study population

S+D S D None
N 14 24 25 10
Age 60 (44-70) 56 (29-70) 57 (32-71) 60 (46-71)
Men
% 93 92 84 80
Dom, r/lle 11/2/1 19/4/1 20/2/3 8/11
ADA apex 9 13 17 6
Collat. c. 5 8 10 4
LVF, g/n/b 1/10/3 6/14/4 4/17/4 5/2/3
Max CPK  2803+2248 2292+1687 26732165 16051113
ECG t. 3.1£2.1 2.9+2.3 3.3£2.7 3.1£2.8

N indicates number of patients; S, affected area of the first septal artery; D, af-
fected area of the first diagonal artery; S+D, both areas affected; None, none
of the areas affected (lesion distal to the septal and diagonal arteries); Dom,
coronary dominance; r/l/e, right/left/equal; ADA apex, wrap-around anterior
descending artery (around the apex); Collat. C, collateral circulation; LVF, left
ventricle function; g/n/b, good/normal/bad; Max CPK, maximum serum crea-
tinphosphokinase (UI/L); ECG t., time elapsed before ECG was performed (in
hours).

The continuous variable data is expressed as
meanzstandard deviation and the categorical variables
are expressed as percentages. For the comparison of
categorical variables, we used the %2 test or the exact
Fisher test, and we used the Student ¢ test for compari-
son of continuous variables. A value of P<.05 was
considered statistically significant. The 95% confiden-

ce intervals (CI) for the sensitivity and specificity va-
lues were obtained by means of the binomial theorem.

RESULTS

The baseline patient characteristics are shown in
Table 1. The patient subgroups were comparable with
regard to mean age, sex, coronary dominance, ADA
development, the presence of collateral circulation,
and the amount of time that elapsed between the start
chest pain and performance of an ECG. We observed a
tendency to a larger CPK peak and worse overall left
ventricular systolic function in patients who had proxi-
mal lesions compared with those in whom none of the
areas was affected.

Table 2 shows the electrocardiographic parameters
that were related in a statistically significant manner to
each of the angiographic findings documented.

0 STIN LEADS II, lll OR AVF

ST in leads II, III, or aVF measured both at the level
of the J point and at 80 ms from the J point that was
greater than 0.5 to 1 mm was a predictor of damage
proximal to the septal and diagonal arteries (S+D),
with a sensitivity of 79% and specificity of 71%
(P=.002) when the cut-off point was a depression of
more than 1 mm in the J point.

Similarly, the 4 ST ST in leads II, 1II, or aVF re-

TABLE 2. Electrocardiographic predictors of the occlusion site in the descending anterior artery

L ST, 1, avF TSsTaVvR TSTVA
>1 mm-J >0,5 mm-J >0,5 mm-80J >0,5 mm-80J >3 mm-80J
S+D
S 79 (49-95) 86 (57-98) 86 (57-98) 36 (11-61) 21 (5-51)
E 71 (55-87) 55 (37-72) 61 (44-78) 90 (74-98) 90 (74-98)
LPT 2.7 1.9 2.2 3.6 2.1
P .002 .01 .003 .03 3
S
S 58 (39-78) 71 (53-89) 71 (53-89) 29 (11-47) 25 (8-42)
E 71 (52-91) 57 (36-78) 67 (47-87) 95 (76-100) 100 (84-100)
LPT 2 1.7 2.2 5.8
P .04 .06 .01 .03 .01
D
S 60 (41-79) 72 (54-90) 68 (50-86) 20 (4-36) 12 (3-31)
E 75 (56-94) 60 (39-81) 65 (44-86) 85 (62-97) 85 (62-97)
LPT 4 1.8 1.9 1.3 0.8
P .02 .03 .03 7 .8
None
S 20 (3-56) 30 (2-58) 20 (3-56) 10 (0-45) 0 (0-31)
E 49 (32-65) 34 (19-50) 37 (21-53) 80 (67-93) 83 (70-95)
LPT 0.39 0.45 0.32 0.5 0
P 14 .07 .03 .6 3

S+D indicates septal and diagonal artery areas affected (occlusion proximal to both) with respect to any situation where a respective area was affected; S, affected
septal artery area; D, affected diagonal artery area; None, none of the territories affected (lesion distal to the septal and diagonal arteries); ST, ST segment; J, J
point; S, sensitivity (percentage and 95% confidence interval); E, specificity (percentage and 95% confidence interval); LPT, likelihood preference test (in the pre-
sence of specified criteria); P, significance level.
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Fig. 1. ECG of a patient with AMI of
the anterior face and proximal occlu-
sion of the ADA. Marked ST segment i t
depression is seen in the inferior face !
leads.
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gardless of the point of measurement and the amount
(0.5 to 1 mm) was significantly associated manner
with damage proximal to the septal artery (S), with an
acceptable sensitivity of 58% and an acceptable speci-
ficity of 71% (for a depression of more than 1 mm in
the J point).

1 ST in leads 1L, 111, or aVF was also associated in a
significant manner with damage proximal to the domi-
nant diagonal artery (D), with an acceptable sensitivity
of 60% and an acceptable specificity of 75% (for an
ST depression of more than 1 mm in the J point).

T STIN LEAD AVR

T ST in lead aVR>0.5 mm at 80 ms from the J point
was shown to be a specific (90%) measurement for a
proximal lesion in S+D (P=.03)

T ST in lead aVR>0.5 mm at 80 ms from the J point
was equally specific (95%) for a lesion proximal to S,
although it has a low sensitivity (29%).

T STIN LEAD V1

T ST in lead V1>3 mm at 80 ms from the J point
was shown to be a specific measurement (100%) for
the affected septal area, present in 25% of the proxi-
mal lesions and in none of the lesions distal to the do-
minant septal artery (P=.01).

Other findings

T ST in leads II, III, or aVF occurred in 7 of the 45
patients studied, and in all patients we observed the
presence of a developed wrap-around ADA (around
the apex) (30% sensitivity, 100% specificity, positive
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predictive value [PPV] 100%, negative predictive va-
lue [NPV] 46%; P=.016); in all cases, the area of the
diagonal artery was observed (lesion distal to the dia-
gonal artery). The ST segment depression in leads II,
III, or aVF (>0.5 or 1 mm, measured in the J point or
at 80 ms from the J point) continued to be a good pre-
dictor of damage proximal to the septal and diagonal
arteries in this subgroup of patients (P=.003).

We confirmed the presence of collateral circulation
in 17 patients, we did not find an ST segment elevation
in the lead aVR in any of them, whether or not the first
dominant septal artery was compromised (8 patients
compromised; 9 not compromised). On the other hand,
the presence of ST segment elevation in lead aVR
(8 patients) was specific (92%) for a lesion proximal
to the dominant septal artery in the subgroup of pa-
tients without collateral circulation to the ADA (28).

DISCUSSION

The clinical usefulness of obtaining electrocardio-
graphy markers for the level of damage in the ADA in
an anterior AMI is based on identifying those patients
with a proximal occlusion who, therefore, require
more aggressive treatment with revascularization in
order to prevent more extensive myocardial damage.
The implication for patient prognosis is clear.

In our study, a decrease in ST segment in the infe-
rior face proved to be an excellent predictor of a proxi-
mal ADA lesion (Figure 1), including in the presence
of a developed wrap-around vessel around the apex.
An ST segment elevation in lead V1 of more than
3 mm appears to be a specific finding for damage pro-
ximal to the dominant septal artery, while an ST seg-
ment elevation in lead aVR is associated with compro-
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mise of the dominant septal artery and the absence of
collateral circulation.

The presence of an ST segment depression in the in-
ferior face in the setting of an anterior AMI is a para-
meter that in previous studies*”?® predicted the existen-
ce of an occlusion proximal to the dominant first
septal and diagonal arteries. In our study, this parame-
ter was equally shown to be a predictor of a proximal
lesion starting with an ST depression of 0.5 mm mea-
sured both in the J point and 80 ms from the J point.
There is controversy about the significance of this pa-
rameter. Thus, the magnitude of the ST depression in
the inferior face was correlated with the site of the
ADA occlusion,>®%1% with the degree of ST elevation
in the precordial leads (reciprocal effect), and with the
seriousness of the ischemia of the anterior wall,'® and
was associated with a larger area of infarction, increa-
sed morbidity, and a worse prognosis.'"* Tt has also
been correlated with a greater prevalence of
3-vessel disease!! and with concomitant dependent in-
ferior ischemia of the right coronary or circumflex ar-
tery (ischemia at a distance).!"!* In our study, in all
those patients who presented with only AD disease,
the ST segment depression in the inferior face pro-
bably represents reciprocal repolarization changes as-
sociated with transmural ischemia in the upper part of
the anterobasal wall of the left ventricle, which has
been described in other studies in the context of multi-
vessel disease.*!*15

On the other hand, in our study ST segment eleva-
tion in the inferior face was invariably associated with
the presence of a developed wrap-around ADA (around
the apex), as well as the presence of a lesion distal to
the dominant diagonal artery (P<.01). In addition, even
in the patients in which a wrap-around ADA (around
the apex) was observed, the presence of ST segment
decline (both >0.5 and >1 mm), measured in the J point
or at 80 ms from the J point, reliably predicted a lesion
proximal to the septal and diagonal arteries (P=.003). It
is likely that this finding a result of the fact that the
amount of ischemia in the anterobasal wall surpassed
the ischemia of the inferior wall. Therefore, in spite of
the existence of a wrap-around ADA (around the apex,
the presence of a distal occlusion in this vessel would
be a pre-requisite for observing an isoelectric or eleva-
ted ST in the inferior face leads, which has also been
observed in similar studies.*!%1617

ST segment elevation in lead V1>3 mm measured at
80 ms from the J point is associated in a statistically
significant manner with a lesion proximal to the domi-
nant septal artery, with 100% specificity. In a previous
study* it was observed that ST elevation in lead
V1>2.5 mm was, together with ST depression in lead
V5, the only electrocardiographic parameter on analy-
sis of the ST leads in the precordial series, capable of
discriminating between a proximal and a distal lesion
in the first dominant septal artery in the individual pa-
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tient.

ST elevation in lead aVR of more than 0.5 mm mea-
sured at 80 ms from the J point was shown in our
study to be a specific parameter of the involvement of
the S+D (90%) and S (95%) areas. This data concurs
with the study by Engelen et al,* where ST elevation in
lead aVR had a 95% specificity for the prediction of
an ADA lesion proximal to the origin of the dominant
septal artery, attributing this to be most likely due to
transmural ischemia of the basal septum (a lesion
usually oriented toward the right shoulder). When we
analyzed the presence or absence of collateral circula-
tion, we observed that in all patients with collateral
circulation there was no ST elevation in lead aVR
whether or not the septal artery was compromised.
Nevertheless, in the subgroup of patients without co-
llateral circulation (and, therefore, with greater and
obvious ischemia of the basal segments of the sep-
tum), the presence of ST elevation in lead aVR was
specific (92%) for a lesion proximal to the septal ar-
tery. Although the limited number of patients included
in the study does not allow us to draw definitive con-
clusions, ST elevation >0.5 mm at 80 ms from the J
point is associated with compromise of the first domi-
nant septal artery and the absence of collateral circula-
tion.

The presence of pathological Q-waves in leads V4
through V6, associated in some studies* with distal oc-
clusion of the dominant septal artery, was not related
to level of damage in the ADA. Similarly, the presence
of Q-waves in the entire precordial series, probably
because it was only observed in 7 patients, was also
not associated with the lesion level, the presence or
absence of collateral circulation, or the residual systo-
lic function of the left ventricle.

The presence of a right branch block of the bundle
of His in the context of an anterior AMI has been co-
rrelated with the existence of an occlusion of the ADA
proximal to the dominant septal artery,* although in
our study we were unable to analyze this due to the
small number of patients (4) who presented with this
deficit.

Contrary to other studies that correlated electrocar-
diographic findings in the context of an anterior AMI
that may have been limited by the presence of additio-
nal ischemia in other coronary territories, our study is
novel because our study population is composed ex-
clusively of patients with ADA disease. On the other
hand, the application of these electrocardiographic fin-
dings is limited to that population, whose coronary
anatomy would be known a posteriori.

The fundamental limitation of this study is the small
number of patients analyzed who could be divided into
4 principal groups and some secondary groups (such
as the presence or absence of collateral circulation,
AD development, left ventricular function, etc.), that
would predict limitations in the reproducibility of the

58



Martinez-Dolz L, et al. ECG in Predicting the Occlusion Site in Anterior AMI with Isolated AD Disease

findings. Another aspect to take into account is the
early point at which we obtained both the ECG in the
acute phase (an average of 3 hours after initiation of
the clinical state) and the coronary angiography that
permitted identification of the lesion responsible, so
that we do not know whether our findings would be
equally applicable in records obtained at a later date.
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