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Summary 

Ntrckgrwirid: The correlation between ST elevation in lead 
VI  during anterior wall acute myocardial infaction (AMI) and 
the culprit lesion site in the left anterior descending (LAD) 
coronary artery is poor. 

Hypothesis: The study was undertaken to assess the electro- 
cardiographic (ECG) characteristics and angiographic signifi- 
cance of ST-segment elevation in lead V 1 during anterior wall 
acute myocardial infarction (AMI). 

Mrtlzods: Data from I IS patients with anterior wall AMI, 
who underwent coronary angiography within 14 days of hos- 
pitalization, were studied. The admission 12-lead ECG was 
examined and the coronary angiograin was evaluated for the 
nature of the conal branch ofthe right coronary artery (RCA) 
and fhr the culprit lesion site in  the left anterior descending 
(LAD) corcmruy artery. 

RcJ.siilt,s: Mean ST-segment deviation and the frequency of 
patients with ST-segment elevation >O. I niV were significant- 
ly lower in lead V I than in lead Vr (0.136 * 0.1 1 I niV vs. 0.42 I 
k 0.260 mV, and 37 vs. 9696, for leads VI  and Vr, respective- 
ly). A small conal branch not reaching the interventricular sep- 
tum (IVS) was more prevalent among patients with ST-seg- 
tncnt elevation >0.1 mV in lead V1 (67%), whereas a large 
conal branch was more prevalent in patients with ST-segment 
deviution ( 1 mV in that lead (83%'. p<O.OOI). No  relation was 
found between ST-segment deviation i n  lead VI  during anteri- 
or wall AM1 and the culprit lesion site in the LAD. 

Comh,sio/i: ST-segment elevation in lead V I during tirst 
anterior wall AM1 was found in one third ofthe patients, and 
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its magnitude was lower than that in the other precordial leads. 
ST-segment elevation in lead VI favors the presence ofa small 
conal branch of the RCA that does not reach the IVS. 

Key words: electrocardiogram, anterior wall acute myocar- 
dial infarction, V I ST segment, coronary angiography, conal 
branch 

Introduction 

During anterior wall acute myocardial infarction (AMI), 
the electrocardiogram (ECG) shows ST-segment elevation in 
leads facing the anterior wall and sometimes also in leads fac- 
ing the lateral wall, the inferior wall,! or even the right ventri- 
~ 1 e . I . ~  The significance of ST-segment elevation in lead VI 
during anterior wall AM1 is still unclear. Traditionally, ST- 
segment elevation in lead VI  during anterior wall AM1 has 
been regarded as indicative of anteroseptal involvement, al- 
though this has been questioned lately.J Most patients with 
anterior wall AM1 have ST-segment elevation in leads V?-V4, 
however, fewer than 50% ofthe patients present ST-segment 
elevation in lead VI .s Recently, in a sinall group of patients 
with anterior wall AML6 we found an association between 
ST-segment elevation in leads VI and V ~ R .  and the absence of 
a large conal branch ofthe tight coronary artery (RCA). The 
purpose ofthe present study was to investigate retrospective- 
ly the ECG characteristics and angiographic significance of 
ST-segment deviation in lead VI  during anterior wall AM1 in 
a larger group ofpatients. 

Methods 

Study Patients 

All patients who were admitted from July 1993 to March 
1996 to the coronary care unit at our institution with first ante- 
rior wall AMI, and who underwent coronluy angiography 
within I4 days of hospitalidon, were evaluated retrospec- 
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FKi. I 
clocs not rcach the interventricular septum (IVS). (€3) A large conal branch that reaches the IVS. 

Coronary angiogram: Injection to the right coronary artery in the right anterior oblique projection. ( A )  A small conul (hlack nrrow) thiit 

tively. The diagnosis of anterior wall AM1 was established by 
the presence of  typical precordial pain lasting more than 30 
min. evolving chluacteristic ECG abnormalities that included 
ST-segment elevation >O. I tnV in at least two consecutive 
precordial leads (v1-V~) and an increase in serum creatine ki- 
niise levels to more than twice the upper limit of normal. 
Patients with electlocardiographic evidence or history of pre- 
vious tnyocwtlial infarction, acute or chronic bundle-branch 
block. ECG evidence of left ventricular hypertrophy, or ad- 
vanced ECG stages of infarction (Q waves or inverted T 
waves) were excluded from the study. No patient received dig- 
italis before admission. 

Electrocardiographic Evaluation 

Standard 12-lead ECGs were recorded at admission using a 
paper speed of 25 mm/s and a calibration of 1 mV = 10 mm. 
All ST-segment deviations from the isoelectric line, as de- 
termined by a line drawn between subsequent TP segments, 
were measured manually to the nearest 1 .0 mm at 0.08 s after 
the J point i n  evety lead. All ECGs were evaluated separately 
by two investigators (T.B. and S.S.) blinded to the angio- 
graphic tinclings. 

sion in  the LAD was determined as proximal o r  distal to the 
origin of the first major septal branch. Analysis of the right 
coronary system included the type of the conal branch (,small 
or large), best seen in the RAO projection. according to the fol- 
lowing definitions: small branch: <O.S mm in diameter. not 
reaching the interventricular septum (IVS); and large brunch: 
>0.5 nim in diameter, reaching the IVS (Fig. I ) .  The tilmh 

were interpreted by two experienced angiographers blinded to 
the ECG findings (I.H. and AX) .  In case ofa discrepancy. an- 
other reading was done by a third investigator. 

Statistical Analysis 

All analyses were done using the Statistical An;rlyxis 
System (SAS) software. A probability value <O.OS was cori- 
sidered statistically significant. To compare the mean o f  con-- 
tinuous variables between the groups, the Student’s r-test was 
performed. The chi-square test was used to compare betweetr 
the distribution of patients in the various groups by the announ( 
of ST-segment deviation in lead V I ,  for the presence o f a  lorgc 
conal branch, and for the lesion site in the LAD (proximal o r  
distal to the branching of the first septal artery). 

Coronary Angiographic Evaluation Results 

Selective coronary cineangiography was performed within 
14 days of admission by the Judkins technique. Cine record- 
ings of the left coronary system were made in at least four pro- 
,jection-right anterior oblique (RAO). left anterior oblique 
(LAO), atiteroposteriorcranial, and caudal. The right coronary 
system was screened in the RAO and LAO projections at least. 
When more than one lesion was present in  the left anterior de- 
scending coronaty artery (LAD), the culprit lesion site was de- 
termined by t h r  ungiographic appearance of either a residual 
thrombus or an ulcerated plaque. The location of the culprit le- 

Patient Characteristics 

In all, 1 IS patients ( I7 women, 98 men, mean age S9 f I I 
years) were evaluated. The conal branch was not identified i n  
I9 patients; these patients were excluded from the study. Of 
the remaining 96 patients, 7 (7%) and I 1 ( 1 I % )  had primary 
and rescue angioplasty, respectively. The rest was referred lor 
coronary angiography because of postinfarction angina, resitl- 
ual ischemia (demonstrated by positive submaximal ergom- 
try or thallium 201 radionuclide scan), or noti-Q-wave AMI. 
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Fici. 2 V I and VZ ST-segment changes during anterior wall acute myocardial infarction: (A) Electrocardiogram (ECG) ofa patient with ST- 
segment elevation in lead VZ without concornitant changes in lead V I .  (B) ECG of a patient showing concomitant ST-segment elevation in leads 
V? and v I . 

Electrocardiographic Findings 

ST-segment elevation 10.1 mV in lead VI was observed in 
60 patients [<0.1 mV in 19 (20%), equal to 0.1 mV in 41 
(430/)] and >0.1 mV in 36 (37%) patients [>0.2 mV in I 1  
( 1  I %) patients], (Fig. 2). ST-segment elevation >O. I niV in 
leads V2. V?, and V4 wils observed in 92 (96%). 86 (90%), and 
7 I (74%) patients, respectively (Fig. 3). Mean ST-segment el- 
evation was significantly lower in lead V I (0. I36 k 0. l l l mV) 
compared with leads V2 (0.421 k 0.260 mV), VJ (0.453 k 
0.349 mV), and V4 (0.305 2 0.291 mV), p<0.001 (Fig. 4). 
When only the patients with ST-segment elevation >O. 1 mV 
in lead Vl (n = 36) were considered. mean ST-segment eleva- 
tion was also significantly lower in lead VI (0.253 k 0.090 
mV) than in lead V2 (0.542 k 0.300 mV), (pc:O.OOI). There 
W;L\ a good correlation between the magnitude of ST-segment 
elevation in lead Vi and the magnitude of ST-segment eleva- 
tion in lead V? (Fig. 5A). In contrast, the correlation between 
ST-segment amplitudes in lead VI and V? was poor (Fig. SB). 

segment elevation of > 1 mm and > 2  mm for detecting a small 
conal branch was 80.6 and 97%, respectively; specificities 
were 70.6 and 26% respectively. The positive predictive val- 
ue of ST-segment elevation S O .  1 mV in lead V 1 for the pres- 
ence of a large conal branch was 83.3%. Mean ST-segment 
elevation in lead VI was significantly lower in the presence of 
a large conal branch than a small one (0.099 t- 0.085 mV vs. 
0.225 2 0.1 15 mV, respectively, p<O.01). When the magni- 
tude of ST-segment elevation in lead VJ was plotted against 
the ST-segment elevation in lead V2, it was found that irre- 
spective of the ST segment amplitude in lead Vz, patients 
with a larger conal branch had less ST-segment elevation in 
lead VI than patients with a small conal branch. The culprit 
le5ion in the LAD was proximal to the bifurcation of the first 
septal branch in 36 patients and distal to it in 60 patients. The 
relationship between mean ST-segment elevation in lead V I 
and the LAD culprit lesion site with regard to the bifurcation 
of the first septal branch was not statistically significant 
(0.162 f 0.1 1 1 mV vs. 0. I24 k 0. I09 mV for proximal and 
distal obstmction, respectively). 

Coronary Angiographic Findings in Relation to ST-Segment 
Elevation in Lead VI 

Discussion 
The conal branch was defined as large in 62 patients and 

small in 34 patients. The prevalence of a large conal branch 
was significantly higher in the group of patients with ST-seg- 
ment deviation 10.1 mV in lead VI than in patients with ST- 
segment 
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FIG. 3 ST-segment deviations i n  the precordial leads VI-4 during 
anterior wall acute myocardial infarction ( %  ofpatients). 13 = ST 
< I  nun, 0 =ST>I nun. 

The correlation between ST-segment elevation in the pre- 
cordial leads VI -V~  and anterior wall AM1 caused by LAD 
artery obstruction is However, the angiographic signif- 
icance of ST-segment elevation in lead VI during evolving an- 
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FIG. 4 Mean ST-segment elevation in the precordial leads V I - V ~  
during anterior wall AMI. 
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Fit;. 5 ( A )  ST-segment aniplitude i n  lead V1 plotted against ST-segment amplitude in lead Vr in patients with ;I large and a small tonal branch. 
( H )  ST-segment iiniplitude i n  lead V I  plotted against ST-segment amplitude in lead Vz in patients with a large and ;I sniiill conul branch. 
' = Small conid bl.;inch, - = regression line. D = large conal branch, -- - = regression line. 

terior wall AM1 is as yet unclear. Recently, in  a study per- 
formed on a small group of patients ( n  = 28)  with anterior wall 
AMI." ST-segment elevation in lead V I was found to be asso- 
ciated with the presence of a small conal branch not reaching 
the interventricular septum. We sought to determine the char- 
acteristics and significance of ST-segment elevation in lead 
V I during evolving anterior wall AM1 using a larger group of 
patients (ti = 96). The mean ST-segment deviation was found 
10 be signiiicantly lower in  lead V I than in the other precordial 
leads (v2 -V~) .  Moreover, the correlation between the magni- 
tude of ST-scgment elevation in  leads V I and V? was poor, in 
contrast to the good correlation between ST-segment ampli- 
tuck in  Vj and VZ (Fig. 4). ST-segment elevation >O. I mV in 
lead V I, iound in only 37% ofthe patients, was clearly associ- 
ated with the presence of a sinall conal branch and unrelated 
to the site of the culprit lesion in the LAD and to the magni- 
tude of ST-segment elevation in lead Vz. 

Characteristics of ST-Segment Elevation in Lead V1 during 
Evolving Anterior Wall AM1 

In  paticnts with inferior wall AMI, ST-segment elevation 
> 0. I mV in  lead V I, associated with ST-segment elevation in 
the right precordial leads (V~R-V~K),  suggests right ventricu- 
lar involvement.8 The amplitude of the ST-segment elevation 
in the right precordial leads during right ventricular involve- 
ment is usually .;mall (<2.5 mm) and short lived,* probably 
retlecting the lower muscle mass of the right ventricle. AI- 
drich ~t d.,s studying the ECG of patients with anterior wall 
AMI, found mean ST-segment deviation in lead V I to be sig- 
niiicantly lower than in the other precordial leads. Birnbaum 
P /  ( I / . , ' )  postulated that ST-segment elevation in  lead V I does 
 no^ correlate with the site of the culprit lesion in the LAD 

(with regard to the bifurcation ofthe first septa1 branch). In the 
present study, in accordance with the above mentioned stud- 
ies, mean ST-segment deviation as well as the frequency of 
ST-segment elevation > 1 mV in lead VI were found to be sig- 
nificantly lower than those in lead V,. No such difference was 
observed among the other precot-dial leads: VZ, Vj ,  and VJ. 

The magnitude of the electric detlection in the precordial 
leads depends on the proximity of each lead to the surface of 

TABLE I 
evatron in lead V I  

Compariwn of angiographic data bawd on ST-wgment cl- 

Angiographic data 

V I  ST- 
deviation BC SC p Value PS IIS pV;iIue 

~~ 

5 I inin 

> I  n1n1 

Total 

5 2  mm 

>2 mm 

Total 

( n  = 60) 

( n  = 36) 

(n = 85) 

(n= 11) 

- 

50 10 
(81%) (29%) 

12 24 
(19%~) (71%) <O.(K)I 

62 34 

60 25 
(97%) (74%) 

2 9  
(3%) (2%) <O.(X)l 
62 34 

Data are expressed as number (%) ofpatients. 
ADhre1icition.s: PS = lesion proxinial t o  the origin of the first septa1 
branch, DS =lesion distal to the origin ofthe first septa1 branch. BC' 
= big conal branch reaching the interventricular septum (IVS ), SC = 
small conal branch not reaching the IVS. 



T. Ben-Gal rt ai.: ST-segment elevation in lead V I  during anterior wall AM1 403 

It Injury vector 
W = lnfarcted 
myocardium 
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F1c.i. 6 Illustration showing the proposed mechanism for the ST-segment elevation in lead V I  during acute anterior wall acute niyocardial in- 
farction: (A) with no STelevation in lead V I  (no transseptal involvement), (B) with STelevation in lead V I  (true transseptal involvement). RV = 
right ventricle. LV = left ventricle. 

the heart and on the heart’s muscle mass that the electrode 
overlies. According to the “solid angle” theory,l” two adjacent 
precordial leads can successfully distinguish between two dif- 
ferent myocardial areas. Therefore, the significantly lower 
mean ST-segment elevation in lead VI may suggest that this 
lead represents a distinct area probably related to the right 
rather than to the left ventricle. The recently described rela- 
tionship between ST-segment elevation in leads V1 and V ~ R  
during anterior wall MI,” further supports this assumption. 

ST-segment elevation in the right precordial leads and in 
VI  during inferior wall AM1 implies that the obstruction in 
the RCA is proximal to the branching of the right ventricu- 
lar acute marginal branches.“ The angiographic signifi- 
cance of ST-segment elevation in lead V I  during anterior 
AM1 is as yet unclear. In  our study, in accordance with pre- 
vious  work^?^^^^ no relationship was observed between ST- 
segment elevation in lead V1 and the presence ofa culprit le- 
sion i n  the LAD proximal to the origin of the first septal 
branch (Table I). We assumed that the absence of ST-seg- 
men1 elevation in lead V I during anterior wall AM1 proba- 
bly implies that this lead faces the myocardial area which is 
not always ischemic during LAD occlusion (Fig. 6A). 

Interventricular Septum Blood Supply 

The blood supply to the IVS is complex and at times may 
involve all three major coronary vessels. In 85% of patients, 
the posterior IVS is supplied by the posterior descending 
coronary artery (PDA) branching from the RCA (“right dom- 
inance”). in 10% the PDA branches from the circumflex cor- 
onary artery (“left dominance”), and in the remainder the pos- 
terior IVS is supplied by arteries branching from both the 
RCA, and the circumflex (“co-dominance” or “balanced cir- 
culation”).l’. l 3  James l4 found that the basal portion of the 
IVS is supplied by septal branches of the LAD, alone or to- 
gether with the conal branch of the RCA. The conal branch, 
the first artery branching from the RCA pierces the anterior 
wall ofthe right ventricle and crosses subendocardially on the 
supraventricular crest toward the anterior IVS.Is This artery 
rarely develops atherosclerosisIh and has been found to be a 
source of excellent collaterals to the LAD.I7 The presence of 
the conal branch may have some ethnic predilection, for it 

was seen more frequently (85%) in patients from northwest 
Indials than in patients from Western countriesi3 In 30 to 
50% of patients, the conal branch is replaced by the conal 
artery which originates from a distinct ostium i n  the right 
coronary sinus.IZ. l8 In the present study, the conal branch was 
not identified in 19 patients (17%) who were excluded from 
the study. A small conal branch was found in 67% of the pa- 
tients with ST-segment > I  mV in lead VI  and a large conal 
branch in 83% of the patients without ST-segment elevation 
in that lead. We hypothesized that ST-segment elevation in 
lead VI  during anterior wall AM1 represents ischemic injury 
to the right side of the basal portion of the IVS (Fig. 6B). The 
presence of a large conal branch probably protects the right 
side of the IVS; this is manifested by the absence of ST-seg- 
ment elevation in lead VI.  In the case ofa small conal branch, 
both sides ofthe IVS are probably supplied by branches ofthe 
LAD, and therefore the septum is left unprotec,ted during 
LAD occlusion. This is reflected electrocardiographically by 
ST-segment elevation in lead VI .  

Conclusions and Clinical Implications 

ST-segment elevation in lead VI was found in 37% ofthe 
patients with anterior wall AMI, and its magnitude was lower 
than in leads VZ-VJ. The absence of ST-segment elevation in 
lead V1 during anterior wall AM1 suggests the presence o fa  
large conal branch probably protecting the septum from a 
transseptal infarction. ST-segment elevation in lead V I during 
anterior wall AM1 may suggest ischemic involvement of the 
right paraseptal area because of the absence 01 collateral cir- 
culation from the right conal branch; it has to be determined 
whether ST-segment elevation in lead VI during anterior wall 
AM1 has adverse prognostic implications. 
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