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Correlation of Pathologic Q Waves on the Standard
Electrocardiogram and the Epicardial Electrogram of

the Human Heart
MONTY M. BODENHEIMER, M.D., VIDYA S. BANKA, M.D.,
ROBERT G. TROUT, M.D., HOMAYOON PASDAR, M.D.,

AND RICHARD H. HELFANT, M.D.

SUMMARY To evaluate the relationship between abnormal Q
waves on the standard ECG and localized ventricular excitation, uni-
polar epicardial electrograms were recorded over the left ventricle
during aortocoronary bypass surgery in 36 patients. Of 20 without
standard ECG Q waves, six had abnormal epicardial Q waves, three
anteriorly and three inferiorly. Of 16 patients with standard ECG Q
waves, four had both precordial and anterior epicardial Q waves while
seven had Q waves in leads III and aVF and inferior epicardial Q

ALTHOUGH PATHOLOGIC STUDIES HAVE IN-
DICATED that a correlation exists between pathologic
Q waves on the standard ECG and myocardial fibrosis, these
fibrotic areas frequently do not correspond either to
presence of Q waves or to the predicted site.' Recently, ven-
triculographic studies in living man have indicated that the
presence of standard electrocardiographic Q waves correlate
closely with the presence of ventricular asynergy.23
However, although quite specific, standard electrocardi-
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waves. Three of the 14 had Q waves in both precordial and inferior
leads of the ECG but epicardial Q waves only from the antero-apical
region in two and only from the inferior wall in one. Two patients
with Q waves in both III and aVF had no epicardial Q waves. Thus,
the standard electrocardiogram underestimates epicardial Q waves.
If Q waves are present in the standard ECG, they correlate with the
presence, although not invariably the location of Q waves on the
epicardial electrogram.

ogram Q waves were insensitive predictors since they were
absent in approximately half of the patients with asynergic
zones demonstrated ventriculographically.' These findings
appeared related primarily to severity since more marked
degrees of asynergy were usually associated with Q waves.
In addition, the location of asynergy was an important fac-
tor in that inferior wall Q waves were both less sensitive and
less specific than anterior wall Q waves.

Kaiser et al. have demonstrated that intraoperative
epicardial electrograms are useful in delineating zones of
myocardial fibrosis.4 To better define the relationship
between the presence or absence ofQ waves on the standard
electrocardiogram and the underlying localized ventricular
excitation characteristics of the left ventricular myocar-
dium, intraoperative epicardial electrograms were obtained
in 36 patients undergoing surgery for coronary artery dis-
ease and these recordings correlated with the standard ECG
Q waves.
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Methods

Thirty-six patients with significant (2 75%) obstruction of
one or more major coronary arteries undergoing open heart
surgery (saphenous vein bypass graft and/or ventricular
aneurysmectomy) form the basis of this study. Preoperative
electrocardiograms were obtained on the day prior to sur-

gery on standard electrocardiogram machines with frequen-
cy limits of 0.1 to 100 Hz and recorded at 25 mm/sec at a

sensitivity of mV = 10 mm.
Cardiac catheterization was performed in all patients.'

Following recording of intracardiac pressures, determina-
tion of cardiac output (dye dilution method using indo-
cyanine green) was performed. Left ventriculography was

then performed in the 30° right anterior oblique projection
using an injection of 30-40 cc of meglumine diatrizoate
(Renografin-76) injected into the left ventricle followed by
selective cine coronary arteriograms using either Sones' or

Judkins' technique.
Epicardial electrograms were obtained prior to or im-

mediately after the institution of cardiopulmonary bypass
and prior to elective ventricular fibrillation.4 Unipolar elec-
trograms were obtained using three silver electrodes
mounted 2 mm apart in acrylic plastic in the shape of an

equilateral triangle and recorded between 0.1 to 100 Hz on a

Grass model 7B polygraph at 25, 50, and 100 mm/sec paper
speeds. A flat probe on a flexible handle was utilized to
facilitate recordings from the posterior surface of the left
ventricle.4

Epicardial electrograms were recorded from multiple sites
beginning over the right ventricle and then sequentially from
the region next to the ventricular septum, antero-apical,
lateral wall and the inferior aspect of the left ventricle. The
antero-apical area was taken as the zone between the
anterior interventricular groove and a line 4-5 cm parallel
and lateral to it extending up to the apex. The inferior area

was taken as the epicardial surface bounded by the atrio-
ventricular groove, the posterior interventricular groove and
a line 3-4 cm parallel and lateral to it, extending up to the
inferior aspect of the apex. The apex was further defined as

the distal one-third of the left ventricle. The lateral wall was

defined as the area between the anterior and inferior areas.

An average of six sites was recorded from each area. All
recordings were obtained during sinus rhythm.

Standard electrocardiograms were analyzed for the
presence of abnormal Q waves (2 0.04 second) in all leads
(except aVg). These were then characterized as reflecting the
inferior (II, III, aVF), anterior (V1-V4) or lateral (I, aVL,
V5-V6) wall of the left ventricle.6 If Q waves were seen in
leads representative of two "walls" of standard electro-
cardiographic leads held to be representative of two walls of
the left ventricle, then abnormalities were considered to exist
in both areas.

Severity of asynergy during ventriculography was

classified as hypokinesis (decreased contraction; < 25%
hemiaxis shortening), akinesis (absence of contraction;
0-5% hemiaxis shortening) and dyskinesis (paradoxical
systolic expansion; hemiaxis lengthening).3

Epicardial electrograms were analyzed for the presence

and duration of Q waves. Previous studies have indicated
that Q waves are normally absent over the left ventricle im-
mediately lateral to the septum and that Q waves of s 0.01

second in duration are occasionally seen over the anterior
free wall and initial Q waves of 0.03 second are seen in-
feriorly.7 8 Thus, anterior Q waves of 2 0.03 second and in-
ferior Q waves of 2 0.04 second were considered abnormal.
In addition, electrogram sites over each area were recorded
in order to determine distribution and frequency of initial R
and Q waves, so defining the boundaries and homogeneity of
a specific zone.
The presence and distribution of standard electrocardi-

ogram Q waves (2 0.04 second) were then correlated with
the presence or absence of abnormal Q waves in leads from
the epicardial surface. In addition, the distribution of Q
waves on the standard electrocardiogram was correlated
with their epicardial location.

Statistical analysis was performed as follows:9 1) The
predictive value of standard electrocardiogram Q waves was
derived from the relationship between the number of
patients with Q's on both standard ECG and epicardium to
the total number of patients with surface Q waves; 2) The
predictive value of absence of standard electrocardiogram Q
waves was defined as the number of patients without Q's on
either standard ECG or epicardium to the total number of
patients without surface Q waves; 3) The efficiency of stan-
dard electrocardiogram Q waves was defined as the number
of patients correctly diagnosed to the total number of
patients.

Results

Predictive Value of Standard ECG Q Waves

Of the 36 patients, 16 had Q waves in the standard electro-
cardiogram. Fourteen of the 16 patients also had abnormal
epicardial Q waves (table 1). In contrast, of 20 patients
without standard electrocardiogram Q waves, 14 had nor-
mal epicardial recordings and of these only three
demonstrated asynergy (two anterior hypokinesis and one
inferior akinesis). Six demonstrated epicardial Q waves over
at least one area (table 1). Of the six, three patients had Q
waves over the antero-apical portion of the left ventricle, two
anteriorly and one apically (fig. 1). All three manifested
significant obstruction of the left anterior descending artery
with anterior hypokinesis in one and apical dyskinesis in
one. In three additional patients, pathologic epicardial Q
waves were noted over the inferior portion of the left ventri-
cle (fig. 2). All three had significant right coronary artery
lesions. Two patients had apical akinesis and one anterior
and inferior hypokinesis.
The predictive value of standard electrocardiogram Q

waves compared to epicardial Q waves was 87% while the
predictive value of their absence was only 70%. Efficiency of

TABLE 1. Two by Two Contingency Table of Standard ECG
and Epicardiat Q Waves

Epicardial Leads

Standard ECG Q no Q

Q 14 (12) 2 (1)

I10 Q 6 ( 5) 14 (3)

indicates number with abnormal ventriculograrn.
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aVR OVL aVF

VI V2 V3 V4 V5

B

FIGURE 1. Top two panels) Standard ECG (25
mm/sec) shows normal precordial R wave
progression. Third panel) Epicardial Q waves
(0.04 sec) were recorded from a 2 cm area of the
apex (A) with a small initial R wave (B) recorded
lateral to this area. Bottom panel presents cor-
responding surface lead 11. All standard ECG
recordings are at 25 mm/sec and epicardial elec-
trograms at 50 mm/sec.

I II mI oVR ciVL aVF

---I 44 -M ia i'= _ I

VI V2 V3 V4 V5 V6

FIGURE 2. Epicardial recordings from the in-
ferior surface demonstrate pathologic Q waves

(A, B) in the absence of abnormal standard ECG
Q waves. Panels represent the same leads as in
figure 1.
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electrocardiogram Q waves relative to epicardial recordings
was 78%.

Site of Origin of Standard ECG Q Waves

There were 14 patients with both epicardial and standard
electrocardiogram Q waves. Of four with anterior Q waves
on standard electrocardiography and corresponding anterior
epicardial Q waves, all had antero-apical asynergy (three
dyskinetic and one akinetic) (fig. 3). Of seven patients with
inferior Q waves on both standard ECG and epicardial
recordings (fig. 4), five had inferior akinesis, while two had
normally contracting left ventricles, despite significant
obstructive lesions of the right coronary artery and left cir-
cumflex artery in both patients. Of the two patients with
standard electrocardiogram Q waves in the inferior leads
without epicardial Q waves, one had inferior akinesis and an
isolated right coronary artery lesion, while one had a normal
left ventriculogram with obstructive lesions in the right cor-
onary artery and left anterior descending artery (fig. 5).

Three of the 14 patients had Q waves in both anteriorly
and inferiorly oriented leads of the standard electrocardio-
gram. One patient with asynergy of both anterior and in-
ferior walls of the left ventricle had Q waves both in leads III
and aV, and in V1-V3. However, Q waves were seen only in
epicardial leads from the inferior wall of the left ventricle
and not in leads recorded adjacent to the septum over the
anterior left ventricle (fig. 6). Two of the three patients who
had Q waves in conventional leads of both inferior and
anterior orientation had epicardial Q waves only over the

I I I

anterior and apical regions; initial R waves were recorded in
epicardial leads from the inferior surface. Both patients had
large antero-apical dyskinetic segments with normally con-
tracting inferior areas.

Discussion

The present study reveals that 87% of patients who had
abnormal Q waves in the standard electrocardiogram also
had Q waves in leads recorded directly from the left ventric-
ular epicardium. However, in six patients where Q waves
were present in epicardial leads, no such waves were present
on the electrocardiogram from precordial zones overlying
portions of the left ventricle supplied by a significantly
obstructed coronary artery. These observations of the
specificity but relative insensitivity of standard electro-
cardiogram Q waves are consistent with previous ex-
perimental and pathological observations.

Studies on animals have indicated that production of
localized myocardial necrosis or scar comprising less than
one half of the thickness of the left ventricular wall can
result in a Q wave in a lead from the epicardium.'11"
However, Cook et al. found that for Q waves to be seen on
the standard electrocardiogram, more than half of the
transmural myocardium must be replaced by fibrosis."2
Therefore, less loss of transmural myocardium is necessary
for Q waves to occur on the epicardial electrogram than on
the standard electrocardiogram.

Overall, there was a good correlation between the site of
Q waves on the standard electrocardiogram and the epicar-

aVR aVL aVF

FIGURE 3. Standard ECG shows a QS from
V,-V3 with a 0.04 sec Q wave recorded from the
anterior left ventricular wall (A, B). Bottom panel
is surface lead IH.
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VI V2 V3 V4 V5 V6

A B
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Epicardial

Surface ECG A
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FIGURE 4. Standard ECG demonstrates a QS in
III and a V, with a QS recorded over the inferior
epicardial surface (A B). Recordings from leads
defined in figure 1.

Epicardial Electrograms

aVR aVL aVF Lead I

----1- -EpicardioZl_ ~~~~~~ FIGURE 5. Standard ECG revealed pathologic
Q waves (0.04 sec) in III and aVY Epicardial
recordings revealed initial R waves from the
anterior (A, B), apical (C), lateral (D. E) and in-
ferior surfaces (F, G. H). The initial 0.01 second
Q waves in E-H are within normal rangefor these
zones.
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V L e ~~~~~VaVR aVL GVFX M:f T. fpffPf

4-L iF M l S
FIGURE 6. Standard ECG reveals a QS in III
and aV, with a QR in V1 and Q waves in Vr-Vs
prior to the transition zone. Epicardial electro-
grams from the inferior surface demonstrated a
QS (A); however, initial R waves (B) were
recorded from the anterior left ventricle adjacent
to the interventricular septum.

A B

dial electrograms. Of 14 patients with epicardial Q waves,
seven exhiboited anterior and four inferior localizations on
both epicardial and standard electrocardiogram recordings.
However, standard electrocardiographic evidence of Q
waves was found to be absent in several patients who had
other and substantial evidence of myocardial scarring or in-
jury, especially when the area of change was in the apical
segment of the left ventricle.

In two patients with Q waves in both anterior and inferior
leads of the standard electrocardiogram, epicardial Q waves
were recorded only over the anterior epicardial surface. In a
detailed pathologic study, Myers et al. found that zones of
infarction confined to the apex of the left ventricle were in
most cases associated with Q waves in the inferior leads of
the standard electrocardiogram.13 This finding is supported
by results of the present study and suggests that such inferior
lead Q waves seen on the standard electrocardiogram are the
result of apical infarcted areas. Moreover, of the six patients
in whom epicardial Q waves were found in the absence of
standard electrocardiogram Q waves, three had localized
apical asynergy on ventriculography. Thus, evidence from
the standard electrocardiogram is misleading in certain
patients with apical infarctions. In some instan-ices it
"overestimates" the area of the infarct while in others it fails
to reveal the presence of a scar.
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