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The cause of abnormal Q waves In hyp: I
opathy remains unclur Myocardial wall ﬂllckness was
assessed by t at § keft

{both p < 0.005) and an increase in the ratio of
both upper antevior septal to mean right ventricular wall

ventricular and 10 right ventricular slles in 67 paitents
(mean age 40 years) with hypertrophic cardiomyopathy and
the findings were analyzed in relation to the presence of
abnormal Q waves on the 12 lead rest el di

(p < 0.005) and uppe: anterior septal to upper
posterior wall thickness (p < 0.005). With multivariate
analysis, only the ratios of upper anterior septal to mean
right ventricular wall thickness (p < 0.005) and to upper

(ECG). Nineteen (28%) of the 67 patients » 1d abnormal Q
waves, Right ventricular hypertrophy was significantly
more common in patients without abnormal Q waves (25
[52%] of 48 versus 2 [11%) of 19, p < 0.001).

With univariate analysis, there were six measurements
that were significantly associated with abaormal Q waves:
an increase in upper anterior septal thickness (p < 0.005)
and maximal left ventricular wall thickness (p < 0.02), a
decrease in mean and maximal right ventricular wall

dor wall (p < 0.05) were significantly re-
Iated to the p of Q waves and predis
wave location with @ sensitivity, specificity and predictive
accuracy of 90% 85% and 89%, nspectlvely.

Ink of abnor-
malenvunnlI\e lZIudECGBpfimrllyallmtionol‘
the relation of right ventricular wall thicksess and upper
anterior septal thickness.
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| Q waves in hyp it di hy were
descnbed more than 25 years ago (1,2). Their mechanlsm
remains uncertain despite electrocardiographic (ECG) (2-7).
echocardiographic (4,6,7), electrophysiologic (8-10) and sur-
gical/pathologic (9,11,12) correlative studies. Such abrormal
Q waves are generally thougut 10 be caused by abnormal

ventriclz in patients with hypertrophic cardiomyopathy were
related ta the presence of abnormal Q waves.

Methods
Study panents Elghty-lhree consecutive patients with

clectrical activation of the hypertrophicd inter l

septum (8-12); however, there does not appear to be a
relation between the magnitude of septal hypertrophy and
the presence of pathologic Q waves (4,6,7). In this study.
echacardiograpnic measurements of the right and the loft
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hyp yop y underwent left and right ven-
tricular t di i chocardi hic and 12 lead
ECG evaluation. Ten patients were excluded because the
echocardiographic recordings were technically inadequate.
Anather six patients who had ECG abnormalities that could
mask the presence of @ waves were excluded (left bundle
branch block in two and pre-excitation in four). The final
study group included 67 patients. Thirty-six were male and
31 female; they were aged 17 to 67 years (meen 40). No
patient had a history of myocardial infz

cardiomyopathy was diagnosed 10 20 years (mwn 6) before
this study on the basis of characteristic clinical, hemody-
namic and angiographic findings (2). The diagnosis was
confirmed in all patients by two-dimensional echocardio-
graphic d ion of plained left icular hyper-
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trophy (13,14). Informed consent was obained in all pa-
tients, and the institutional Committee on Human Research
approved the study protocol.

fy. Twoudi ional echocardi hy
was performed usmg a phased array system (GE Pass lC)
with a 3.3 MHz transducer. Images of the examination
sequence together with standard leas 11 of the ECG were
stored on videotape (Sony i for analy-
sis. Each study included parasternal long- and shori-axis
views with the transducer positioned at the third or fourth
intercostal space, two and four chamber views with the
transducer at the apex. long- and short-axis views from the
subcostal window as well as specific views of the nght
vcmncular inflow and owflow tracts. Ten right vcnmcular
wall th were as pl
described (13). All were made at end- diastole
defined by the onset of the R wave on a simultancous ECG.
Right ventricular hypertrophy was considered to he present
when at least two right venlncular wall thickness measure-
meats ded 2 feviations of the meun of a
previously established control group {13).

The technique for recording and assessing the extent and

dl.rlrlblmon of left ventricular hyperlrophv in hypertrophic

paihy has been previously described (14}. In brief,
eight wall thickness measuremems were made from short-
axis views at each of the quadrants at the mitral valve tip and
papillary muscle levels. The distribution of left ventricular
hyperteophy was classified as asymmetric septal. symmetric
or predominantly distal ventricular according to established
criteria (14).

To assess the relation of left and right ventricular hyper-
trophy in patients with and without abnormal Q waves, we
obtained eight left ventricular measurements (Fig. 1), mean
left ventricular wall thickness and mean and maximal right
ventricular wall thi We then calculated the followi
ratios: each left wall thick
divided by the other left ventriciar measurements, each left
ventricular wall thickness measurement as well as the sum of
two values obiained at the paplllary ar mural valve level

g

divided by mean and imal right
ment. A total of 66 combinations were assessed.
Ek i A dard 12 lead ECG was re-

corded at the time of the study with the patient in the supine
position during quiet respiration. using either a Marquette
microcomputer-augmented cardiograph (Mac 1) or a
Hewlett-Packard three channel recorder (1503A or 1513B).
The following features were documented: rhythm, mean
frontal plane axis, conduction defects, giant T wave inver-
sion (T wave inversion 0.1 mV or >50% of the amplitude
of the R wave) and the presence of abnormal Q waves. These
werg defined as >0.04 s in duration and >25% of the R wave
in depth. The degree of left ventricular hypertrophy was
assessed with voltage criteria as well as the point score
system of Romhilt and Estes (15). Right ventricutar hyper-
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Figure 1. Diagrammatic representation of left ventricelar cross
seclions obtained at the level of the mnr\l valve and papullary
muscle, resulting in eight
ments include both mean and maximal right ventrigular thickness
obtained fram 10 views (13). Ao = aorta; AVS and PVS = anterior
and posterior ventricular septum. respectively: LA = left atrium;
LV = left ventricle; PW and FW = posterior and free wall,
respectively, RV = right ventricle: VS = ventricular seplum,
Adapted lrom references 13 and 14,

trophy was assessed using right axis deviation of =110° and
an R/S ratio =1 in lead V, (16).

Statistical analysis. Group data are presented as the mean
value = SD. Student’s 7 test or chi-square 7 test was used io
analyze the difference between variables. A stepwise dis-
criminant analysis was performed to identify measurements
that were most significantly associated with the presence of
abnormal Q waves. We then applied thesc valugs to calcus
tate the sensitivity, ificity and p for
the presence and location of Q waves. A p value <0.05 was
used Lo indicate statistical significance.

Results

Location of Q waves. Nineteen (28%) of the 67 patients
had abnormal Q@ waves on the 12 lead ECG. Figure 2 shows
that abnormal @ waves were located either inferiorly, over
precordial leads V5 to V,, or in leads 1 and aVL. The majority
(13 patients) had Q waves in inferior leads (11, II or aVF),
whereas only 4 patients had { waves in leads [ and aVL,

Clinical and ECG features in patients with and without Q
waves. When comparing both groups of patients, there was
no significant difference in age and gender. A history of chest
pain was present in 26 (54%) of the 48 patients without Q
waves compared with 9 (47%) of the 19 patients with Q
waves (p = NS). Sixty-iwo patients were in sinus rhythm
and S had atrial fibrillation. Giant T wave inversion in the
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Figure 2. Localization of () waves in 19 patients with hypertrophic
cardiomyapathy. Q waves were most common in inferior leads (13
patients) but were also present in precordial leads in 9 patients and
leads I and aVL in 4 patients. The total number of patients with Q
waves according ta site is =19 because of averlap between sites in
some patients.

precordial leads was seen in nine patients and nene of these
had Q waves; three of these patients had docuniented right
ventricular hypertrophy and six did not. The absence of
normal Q waves in leads I and aVL or V, and V, was seen
in 6 (42%) of 14 patients with abnormal Q waves inferiorly or
anteriorly, compared with 27 (56%) of 48 patients without
abnormal Q waves (p = NS). Table 1 reveals similar ECG
features of right and left ventricular hypertrophy in patients
with and without abnormal Q waves.

Echocardiographic features in patients with and without Q
waves, Left ventricular hypertropi,y was asymmetric in 37
patients (55%), symmetric in 24 (36%) and predominantly
distal ventricular in 6 (9%). Right ventricular hypertrophy
was present in 27 patierts (409%) with a strong correlation
between maximal right and mean left ventricular wall thick-
ness (r = 0.643, p < 0.001). Right ventricular hyperirophy
was not associated with a purticular pattern of left ventric-
ular hypertrophy.

Abnormal Q waves were present in 14 (38%) of 37
patients with asymmetric ventricular hypertrophy. 4 (17%)
of 24 patients with symmetric hypertrophy and in none of the
6 patients with apical hypertrophy. Specifically, patients

Table 1. El di ic Features of
Hypertrophy and Mean Frontal Axis in 67 Patients With and
Without Abnoimal Q Waves
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with abnormal Q waves had greater upper anterior septal and
maximal left ventricular wall thickness measurements, with
a lower mean and maximal right ventricular wall thickness
(Table 2). On multivariate analysis, however, none of these
wall thick were d with ab 1
Q waves. Right ventricular hypertrophy was seen in only 2
(119) of 19 patients who had abnormal Q waves compared
with 25 (52%) of 48 patients without abnormat Q waves (p <
0.001).

Significamt differer.ces in echocardiographic measure-
ments in patients with and without abnormal Q waves were
seen when the relation of left and right ventricular wall
thicknesz was analyzed (Table 2). Multivariate analysis
revealed that 4 of the 66 ratios assessed were significantly
different in patients with and without Q waves (Table 3). In
particular, the ratios of upper anterior septal to mean right
ventricular wall thickness and of upper anterior septal to
upper posterior wall thickness were sigrificantly greater in
patients with abnormal Q waves, and when entered into a
stepwise discriminant analysis had a high sensitivity, speci-
ficity and predictive accuracy for the prediction of abnormal
Q waves (Table 3).

Discussion
Predictors of abnormal Q waves. The presence of abnor-
mal Q waves in hypertrop! pathy was predicted
by the interrelation of ngh( ventncular. upper an\enor septal

and posterior wall th Inp las, an i in the
ratios of upper anterior septal to right ventricular wail and
upper posterior wall thick was predictive of at 1Q
waves. This is with the interp that Q

waves are present when electrical forces of the upper
anterior septum are relativel d by right
and upper posterior wall electncal forces (moderate septal
hypertrophy with no right ventricular hypertrophy and nor-
mal posterior wall thickness) or are of such magnitude that
they cancel out right ventricular and posterior wall electrical
forces (marked septal hypertrephy with mild right ventrice-
lar hypertrophy or posterior wall hypertrophy) (Fig. 3).
Comparison with previous ECG studies. The early de-
scription of hypertrophic cardiomyopathy by Braunwald et
al. (2) was based on an analysis of 64 patients and revealed
16 patients (25%) who exhibited abnormal deep and broad Q
waves. When that series was updated 4 years later in 1968
(17). 56% of 123 patients had abnormal Q waves. These

No Q
Q Waves Waves p Value
No. (%) 1928} 80 -
Mean frontal plane axis (°) 96524 241240) N§ mal Q waves in hyp
Romhilt-Estes score 55125 62x26 NS
R wave in lead aVL (mV) 12785 9866 NS
Swaveinlead V, + Rwavein  367+217 415=189 NS
Teads Vs or V, (mV)
RiSinlead V, 039055 0.27 % 0.42 NS

Dala are mean values = SD.

s (2,17) and olhers (B 12) aunbuled the abnor-
pl pathy to the
hypertraphy obseived in the mlerventncular septum. How-

ever, the study by Maron et al. (4} concluded that abnormal
Q waves were seen rore frequently when hypertrophy
involved regions of the 'efi ventricle other than the anterior
basal septum. In their study (4), 23 (18%) of {26 patients had
abnormal Q waves when hypertrophy involved the anterior
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Table 2. Echocardiographic Measurements in Patients With and Without Abnormal Q Waves

P Value"
Q Waves No Q Waves Uni Mubt
No. (%) 19028) 80
Left ventricle
Upper anterior septum DA = 43075 18.3 = 5.3(9-30) <0.005 NS§
Upper posterior septum 1.0 £ 49 (11-28) 15.8 = 3.9(8-30) NS NS
Upper posterior wall 124 £ 34(8-20) 13.7 £ 3.7 (10-30) NS NS
Upper free wzll 16.8 + 4.0 (10-28} 16.2 = 4.518-30) NS NS
Lawer anterior septum 3 £ 57(13-35) 208 = 3.3(13-3D) NS NS
Lower postetior sepium 18,1 £ 4.0 1328 17.6 = 4.4 (10-28) NS NS
Lower posteriar wall 148 > 48(8-28) 15.7 = 43¢10-32) NS NS
Lower free wall 16.5 = 4.7 (10-23) 17.8 £ 4.0(10-32) NS NS
Maximal ventricular 2.9 = 4.8 (2035 2.7 2491532 <C.02 NS
thickness
Right ventricle
Mean ventricular thickness 37 2053.0-50 50 = 1.73.2-14.2) <0.005 NS
Maximal ventricular 40 = 0.4 14-51 56 =20(3-18) <0.005 NS
thickness

*p value by univariate (Uni) and multivariate (Multi) analysis. All values giver in mm (mean = SD and range).

basal septum alone or other areas of the left ventricle
(so-called type L-II-[II hypertrophy). In patients without
hypertrophy of the anterior basal septum (type IV hypertro-
phy, 15 (56%) of 27 had abnormal Q waves, The apparent
discrepancy between their results and ours may be related 1o
the site of the abnormal Q waves. Although Maron et al. (4)
do not describe the location of abnormal Q waves, it is
i ing that in the shown in their Figure 3, Q

waves occur in the lateral leads only. In our study, the
location of abnormal Q waves in the lateral leads was not
asscciated with significant hypertrophy of only the amerior
septum (Table 3). The overall 18% incidence rate of abnor-
mal Q waves in patients with hypertrophy involving the
anterior septum in the report by Maron et al. (4) is in
accordance with the usual reposted incidence of abnormal Q
waves in paticats with hypertrophic cardiomyopathy. The

Table 3. Relation of Left and Right Ventricular Wall Thickness Measurements in Patients With and Without Abnormat @ Waves*

Abnormal Q Waves.

IL {ll, avVF VVior
and Other 1L aVF  land aVL and VeVoor
All Patients Leads Qnly Other Leads [ and aVL Only No Abaormal @ Wave
No. 19 13 ] 1 6 48
A. Ratio of the thickness of
1. Upper anterior septum/mean 6.6 * 1.3 6.7 = 1.55% 64 = 13 6 =103 59 =11 3812
right ventricular wall
2. Upper anterior seplum/upper 2.0 % 048 20+028 20 = 048 1905 1.9£08 14243
posterior wall
3. Upper posterior seplum/maximal 4212 3812 1914 45211 So=115 30 =99
right ventricular wall
4. Upper anterior + posterior 3408 33204 3204 36 = 10§ ERERRH 2505
septum/upper posterior wall
B. Value of echocardiographic
measurements for predicting
abnormal Q wavest
Sensitivity (%) 0 % % 90 % -
Specificity (%) 8 100 100 8 o0 -
Predictive accuracy (%) 89 92 92 L 97 -

*Groups with abnormal Q waves each compared with the group with no abnormal Q waves. *When analyzing the most significant variables obtained during
multivariale analysis. For the entire group of 19 patients with Q waves, A} was taken for the analysis of sensitivity. specificity and predictive accuracy: for the
subgroup of 13 patients, A} was analyzed: for the subgroup of 8 patients. Al was analyzed: for the subgroup of 11 patients, A1 was analyzed: for the subgroup
of 6 patients, A4 was chosen for analysis, 1p < 0.005 and §p < 0.05 by stepwise discriminant analysis. Scc teat for explanation.
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predominant inferior location of abnormal Q waves in our
study may also be related more closely to specific involve-
ment of the anterior septum.

A recent two-di ionai ech Jicgraphic study (7) of
patients with hypertrophic cardiomyopathy and severe left
ventricular hypertrophy with anterior ventricular septal
thickness of 30 to 50 mm (mean 37 * 5) revealed that only &
(15%) of 34 patients had abnormal Q waves. Right ventric-
ular wall thickness measurements were not made in these
patients. The strong correlation of left and right cul
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Figure 3. Long- (left) and short- (right) axis two-
dimensional echocardiographic views at the mi-
wal valve level from a patient with asymmetric
scptal hypertrophy who does not have right ven-
tricular hypertrophy. Abnormal Q waves are
present in feads 111, aVF and V.

could be explained by the
hypertrophy (Fig. 4).
Comparison with previous electrophysiotogic studies. van
Dam et al. (9) recorded epicardial and intramural electro-
grams from JC patients with hypertrophic cardiomyopathy, 5
of whom had abnormal Q waves. They observed a delay in
subendocardial activation over the anterior paraseptal left
ventricular wall, prolongation of total septal activation be-
cause of hypertrophy and an increased cantribution of the

of right

wall thickness measurements in hypertrophic cardiomyapa-
thy (13) suggests that the patients of Louie and Maron (7)
may have had coexistent right ventricular hypertrophy. Our
report indicates that abnormal Q waves are uncomnton in the

of i d right lar wall thick and
are strongly predicted by an increased ratio of upper anterior
septal to right ventricular wall thickness. The low incidence
of Q waves in patients with massive septal hypertrophy

right to septal Septal nor-
mally takes 40 ms; they observed a delay of activation of up
to 70 ms (9). They suggested that abnormal Q waves were
the result of irregular activation in the inner layers of the
septum, caused by hypertrophy and myocardial disarray.
However, they did not find a correlation between abnormal
Q waves and a particular pattern of septal activation.
Cosio et al. (10) performed electrophysiologic studies in
six patients with hypertrophic cardiomyopathy and abnor-

Figure 4. Long- (teft) and short- (right) axis two-
dimensional echocardiographic views at the mi-
tral valve level from a patienl with asymmetric
septal hypertrophy and right ventricular hyper-
trophy. The 12 lead ECG indicates sinus rhythm

| and biatrial enl there are no abnormal
P B S Q waves, Note the absence of normal Q waves in
1 | M‘ st Ieads 1, Vs and Vi, a finding seen equally in
Y b mhed ke A - (et =t patients with and without abnormal Q waves {see
AE T S 1 I [ text).
e
1 i W avR avL avF VI V2 V3 V4 V5 VB
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mal Q waves on the surface ECG. The Q waves were rate
dependemt and decreased in size or disappeared after l2tc
coupled atrial extrastimuli and during atrial pacing at rates
>115 to 155 beats/min. They suggested that abnormal Q
waves in their patients were due to a disturbance in septal
activation caused by abnormal electrophysiologic properties
of the myopathlc myocardium. Zalman et al. (18) reported
the rate-d of ab Q wavss during
€Xercise teslmg in lwo patients with hypertrophic cardiomy-
opathy. They suggested that such Q waves may have been
caused by exercise-induced ischemia or a shift of the QRS
vector, or both. The discrepancy between both of these
studies (10.18) may be related to different techniques—
exercise testing produces a greater increase in catechol-
amines and a greater decrease in cardiac volume than seen
with pacing; refractoriness of normal and diseased myocar-
dium may vary accordingly.

Several studies (9.10,18.19) support the corz2nt of abnor-
mal septal activation producing abnormal Q waves in pa-
tients with hypertrophic cardiomyopathy. Two studies
(11,12) reported on the effects of ventriculomyotomy in
three patients with hypertrophic cardiomyopathy who had
abnormal Q waves. Surgical incision in line with the com-
missure between the right and left coronary cusps without
removal of muscle was associated with disappearance of the
abnormal Q waves. They (ll 12) postulated that septal
hypertrophy produced d of for over
posteromfenor electrical forces that could be altered by
septal incision.

Our findings in patients with hypertrophic cardiomyopa-
thy show that abnormal Q waves are seen infrequently in
patients with right ventricular hypertrophy. Presumably, the
electrical forces of the hypenrophled right ventricle com-
bined with prolongs of the di d septum
produce a mean QRS vector posteriorly and rightward, with
attenuation or cancellation of electrical forces from the
septum (16). Our results are in contrast to those of Mori et al.
(6), who noted that abnermal Q waves were associated with
basal septal hypertrophy and right ventricular hypertrophy.
The discrepancy may reﬂecl different techniques: they
used M-mode ech hy and included the modera-
tor band in the right ventricular measurement. The shape of
the right ventricle makes it difficult to image. particularly
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wetic resomance imaging is needed to substantiate our
findings.

Rohofmyopuﬂcth-geshm 0urreportdoes
not assess the infl of my on
and refractoriness. Also, the s.ensmvny anaIySIs applies to
this group of pauenls and needs to be verified ina separate
group of i Fur although the majority of
patients had amterior ventricular septal hypertrophy and
60% of paticnts did not have sight ventricular hyperirophy.
Q waves were present in only 28%. The significant as-
sociation between abnormal Q waves and an increased ratio
of the upper anterior septal to mean right ventricular wall
thickness suggests that abnermal Q waves in patients with
hypertrophic candiomyopathy are determined to a greater
extent by the distribution of myocardial hypertrophy than
by primary or secondary conduction abnormalities.
However, the absenceé of abnormal Q waves in patients
with anterior ventricular septal hypertrophy who do not
have right ventricular hypertrophy suggests that other fac-
tors or mechanisms may also be important for predicting
abnormal Q waves in patients with hypertrophic cardiomy-
opathy.

We thank Shaughan Dickie for technical assistance and Lise ¢e Repentigny
for secretarial work.
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