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Abstract
Objective-To investigate the nature of
ventricular activation and its relation
with mechanical events in patients with
dilated cardiomyopathy.
Study design-Retrospective and pro-
spective study with 12 lead electro-
cardiograms, signal averaged electro-
cardiograms, and M mode and Doppler
echocardiograms.
Setting-Tertiary cardiac referral centre.
Patients-77 patients (mean (SD) age

59(13)) with dilated cardiomyopathy,
four after aortic valve replacement and
three after coronary bypass surgery, and
six patients with a normal sized left ven-
tricle and complete right bundle branch
block were studied. 15 normal subjects
(age 45(20)) were used as controls.
Results-In patients with dilated car-

diomyopathy, QRS duration was longer
(127(25) ms v 90(10), P < 0.05) than nor-

mal and was normally distributed (r =
0-991, P < 0*01) on a normal probability
plot. 20 had classic left bundle branch
block, 29 intraventricular conduction
delay, four right bundle branch block,
and one bifascicular block. The PR inter-
val was prolonged (185(30) ms v 150(15),
P < 0.05). Electromechanical delay, Q to
the onset of thickening of the interven-
tricular septum as seen on the transverse
M mode echocardiogram, was 75(15) ms
in controls, but reduced to 43(15) ms in
the patients (P < 0 01). Q to the onset of
mitral regurgitation was also short
(50(15)) ms, and correlated inversely with
PR interval (r. = -0-67, n = 73, P < 0*01).
Early potentials (< 40 uV) were recorded
on the signal averaged electrocardiogram
in 33 representative patients and in all
controls. Their overall duration was

30(12) ms in the patients, much longer
than normal (12(7), P < 0.01)). Early
potential time correlated positively with
PR interval (r = 0'75, P < 0.01) and QRS
duration (r = 0-60, P < 0.01) on a 12 lead
electrocardiogram, and negatively with
apparent electromechanical delay (r =
-071, P < 0.01, n = 33), but not with
true electromechanical delay (73(15)ms)
or true PR interval (163(30)ms), calcu-
lated by correcting apparent values for
early potential. The onset ofleft ventricu-
lar free wall motion was delayed with
respect to the septum beyond 95% of the
upper normal limit in all the patients
with classic left bundle branch block

and intraventricular conduction defect.
Motion in the right ventricular free wall
was delayed in 13 of 20 patients with left
bundle branch block and 24 of 29 with
intraventricular conduction defect by
65(20) ms, similar to that (75(10) ms) in
patients with right bundle branch block.
Conclusion-In most patients with
dilated cardiomyopathy and an electro-
cardiographic pattern of left bundle
branch block or intraventricular block,
the onset of mechanical systole is strik-
ingly and symmetrically delayed in both
ventricles, compatible with bilateral bun-
dle branch block. Complete atrioventricu-
lar block does not occur. The ventricle is
activated through the upper septum and
this activation is detectable only by signal
averaged electrocardiography. The
anatomical substrates for this abnormal
activation could be the high connections
described by Mahaim and Winston.

(Br HeartJ7 1994;72:167-174)

Prolonged ventricular activation, as shown by a

broad QRS complex, is common in patients
with dilated cardiomyopathy' 2 and may inde-
pendently impair systolic and diastolic ven-

tricular function.2' Such patients are often
said to have "left bundle branch block", but
the body of direct information from humans
underlying this diagnosis is surprisingly
scanty. The electrocardiographic pattern in
these patients is very variable, particularly as

to the presence or absence of a septal q wave.

Also, the QRS duration is unimodally distrib-
uted in a large population of such patients,2
which would be surprising if the long QRS
complex were indeed due to the presence or
absence of a localised block of a single
anatomical structure. In our study, therefore,
we have attempted to clarify some of these
questions by combining detailed findings of
regional ventricular wall motion with informa-
tion from standard 12 lead and signal aver-

aged electrocardiograms in a group of patients
with dilated cardiomyopathy.

Patients and methods
PATIENTS
We studied 77 patients aged 59(SD13). All
the patients had dilated cardiomyopathy,
defined as left ventricular end diastolic dimen-
sion 6-0 cm or more and shortening fraction
< 15% on an M mode echocardiogram. Four
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of the patients had undergone aortic valve
replacement and three coronary bypass
surgery. Functional mitral regurgitation was
present in all the patients; those with any dias-
tolic or presystolic component were excluded.
We also studied six patients with normal left
ventricular size and complete right bundle
branch block, who had secundum atrial septal
defect before (one patient) or after (five
patients) surgical correction. Fifteen controls
(age 45(20)) had normal hearts, and six had
palpitation, five soft systolic murmur, two
family history of hypertrophic cardiomyopa-
thy, and one atypical chest pain. None
showed any significant cardiac abnormalities
on physical examination, electrocardiography,
chest x ray film, 24 hour tape, or echocardiog-
raphy. All the controls and patients were in
sinus rhythm.

ELECTROCARDIOGRAPHY
Twelve lead electrocardiograms were
recorded with a Hewlett Packard XLi
PaperWriter Cardiograph, which computed
and printed PR interval, QRS duration, and
axis.4 A filter of 005-100 Hz was used.
The electrocardiographic criteria for left

bundle branch block5 were a QRS duration
> 120 ms, no septal q waves, and no sec-
ondary R wave in right chest leads. If QRS
duration was increased between 110 ms (the
upper limit of normal) and 120 ms, or if QRS
duration was > 120 ms and a septal q wave
was present, a diagnosis of intraventricular
conduction delay was made. The diagnosis of
right bundle branch block was based on sec-
ondary R waves in right chest leads with a
QRS duration > 120 ms. Those with a broad
QRS complex (> 120 ms), secondary R waves

in right chest leads, and left axis deviation
(< -30°) were considered to have bifascicular
block.

SIGNAL AVERAGED ELECTROCARDIOGRAPHY
With a Hewlett Packard signal averaging sys-
tem for late potential analysis, we recorded
signal averaged electrocardiograms in 33
patients and all normal controls. The signal
averaged electrocardiograms were obtained
from orthogonal X, Y, and Z (Frank) leads, at
a sampling rate of 2-0 kHz for a mean (SD) of
750(250) beats. An operator selected tem-
plate and a high pass filter of 40 Hz were
used. Data were collected until the final noise
level was 0 49(0' 10),V and the acceptance
rate was over 98%. We defined the signals
with an amplitude < 40 uV during the initial
part of the QRS complex as early potentials,
and measured their overall duration (fig 1).
Late potential time was determined from built
in software.

ECHOCARDIOGRAPHY
Echocardiograms were recorded with a
Hewlett Packard Sonos 1000 system and a
2-5 MHz transducer. We recorded transverse
left ventricular motion just at the tips of the
leaflets of the mitral valve with cross sectional
image guided M mode echocardiograms.
Longitudinal M mode echocardiograms were
recorded in three sites, both lateral left and
right atrioventricular junctions, and the cen-
tral fibrous body.6 All the M mode echocar-
diograms were recorded photographically at a
paper speed of 100 min/s, with simultaneous
lead II electrocardiograms and phonocardio-
grams. The onset of the QRS complex was
used as zero to measure: (a) the time to the

Figure 1 Signal averaged
electrocardiograms recorded
in a normal control (A)
and a patient (B) with
dilated cardiomyopathy
and classic left bundle
branch block pattern on
standard 12 lead
electrocardiogram. The
early potential time
(arrows) is much longer in
the patient than in the
control.

Normal

PR: 180 ms
QRS: 95 ms
EP: 10 ms

A B

DCM

PR:
QRS:
EP:

250 ms
145 ms
42 ms
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Nature of ventricular activation in patients with dilated cardiomyopathy

Figure 2 LongitudinalM
mode echocardiogram of
the right atrioventricular
junction recorded in a
normal control. Vertical
lines mark the time of Q
and the onset of systolic
shortening.

ECG
U- :-'~**

onset of transverse septal and posterior wall
thickening; (b) the time to the onset of longi-
tudinal ventricular motion in all sites (fig 2);
(c) relative delays in the onset of systolic
motion of the posterior left ventricular wall,
and long axis motion of the left and right ven-
tricular free wall with respect to the onset of
transverse septal contraction.

DOPPLER ECHOCARDIOGRAPHY
Functional mitral regurgitation was recorded
in continuous wave mode with a Doptek
Spectrascan and a 2-0 MHz pencil trans-
ducer, and was used as a simple measure of
the time course of left ventricular pressure.27
Again, with simultaneous electrocardiograms
and phonocardiograms, the records were
made at a paper speed of 100 mm/s. We mea-
sured electromechanical delay as the time
from the onset of the QRS complex to that of
mitral regurgitation. We also measured the
overall duration of mitral regurgitation, left
ventricular contraction, and relaxation times.3

DATA ANALYSIS
All the echocardiographic measurements were
made on three successive cardiac cycles and
average values were taken. They were
expressed as mean (SD). A normal probability
plot was used to judge the distribution of the
values of QRS duration.8 Linear regression
analysis was performed by the method of least
squares. An unpaired Student's t test or analy-
sis of variance was used to assess differences
between mean values.

Results
12 LEAD ELECTROCARDIOGRAM
In patients with dilated cardiomyopathy, QRS
duration was significantly longer (127(25) ms
v 90(10), P < 0 05) than normal, and was
normally distributed (r = 0 991, P < 0 01).
Twenty of the patients had electrocardio-
graphic features of classic left bundle branch
block, 29 intraventricular conduction delay
(QRS duration > 120 ms in 19), four right

Figure 3 Functional
mitral regurgitation
recorded by continuous
Doppler (Ml scale
deflection = 16 kHz) in a
patient (A) with normal
PR interval (150 ms) and
QRS duration (80 ms)
and in a patient (B) with
prolonged PR interval
(220 ms) and QRS
duration (165 ms). Note
that the electromechanical
delay (EMD), from the
onset ofQ wave on the
electrocardiogram to that of
mitral regurgitation in (B)
is much shorter (25 ms v
60) than that in (A).
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Figure 4 Relation
between PR interval and
(A) apparent
electromechanical delay
(EMD) derived from
standard 12 lead
electrocardiogram in the
whole population, or (B)
those who had signal
averaged
electrocardiograms, and
(C) the correlation ofPR
interval with true EMD
deliveredfrom signal
averaged
electrocardiogram.
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duration correlated positively with QRS dura-
tion (r = 0 45, P < 0-01).

EARLY MECHANICAL EVENTS
The earliest evidence of left ventricular systole
in both controls and patients was thickening
of the interventricular septum as seen on the
transverse M mode echocardiogram. Its onset
followed that of the QRS complex by 75(15)
ms in controls, and by 43(15) ms in the
patients (P < 0 01). Electromechanical delay
measured from Q to the onset of mitral regur-

gitation was 50(15) ms, occurring within 10
ms of the onset of the septal thickening in all
patients. Electromechanical delay correlated
inversely with the PR interval (r = 0-067,
n = 73, P < 001, figs 3 and 4(A)).

SIGNAL AVERAGED ELECTROCARDIOGRAM

r= 4074 Early potentials were recorded on signal aver-

n =33 aged electrocardiograms in 33 representative
P < 0-01 patients whose clinical, electrocardiographic,

and mechanical characteristics did not differ
in any way from the rest (table 1). Their over-

all duration was 30(12) ms, much longer than
that in normal controls (12(7) ms, P < 0 01).
In individual patients, the early potential time
correlated positively with the PR interval (r =

* * \ 075, P < 001) and QRS duration (r= 060,
* * \ P < 0 01) on 12 lead electrocardiogram.
-* \ These early potentials were directed anteriorly

in all but two, from left to right in 21, and
* right to left in 12.

The QRS duration on the signal averaged
20 I65210 I55300 electrocardiogram (QRSDs) was significantly20165 210 255 300

longer than that on the 12 lead electrocardio-
gram (QRSD12) (150(40) ms v 130(30), P <
0 01) although the values obtained by the
two methods correlated closely (r = 0 94,
QRSD12 (ms) = 0815 x QRSDs + 10, P <
0 01 for both slope and constant). This pro-

C. . longation was due to early as well as late
potentials (60(35) ms). Late potential time
also correlated with QRS duration (r = 0-64,
P < 0 01) but not with early potential time (r =

. . * 0-28, NS).
. : * * The time of early potentials correlated neg-

..** * atively with apparent electromechanical delay
(r=-0-71, P<001, n =33) derived from

* * * the 12 lead electrocardiogram. True electro-
mechanical delay (73(15) ms) was calculated

Normal lower limit by adding the early potential time to the
40 _-

20 _

0

120 165 210 255 300

PR interval (ms)

bundle branch block, and one bifascicular
block. The remaining 23 had normal QRS
duration with (five patients) or without left
axis deviation. The PR interval was often long
(185(30) v 150(15) ms, P < 0-05) and its

Table 1 Comparison between the patients who had signal
averaged electrocardiograms and those who had not

Patients with Patients without
SAECG recorded SAECG recorded
(n = 33) (n = 44)

Age (yr) 60 (13) 59 (10)
RR interval (ms) 700 (175) 725 (150)
Left ventricular end 7-1 (1-0) 7-1 (0 9)

diastolic dimension (cm)
PR interval (ms) 190 (40) 181 (285)
QRS duration (ms) 130 (33) 124 (25)
Electromechanical delay 48 (19) 47 (7)

(ms)
Overall duration ofMR 450 (65) 445 (60)

(ms):
Contraction time 93 (35) 90 (35)
Ejection time 255 (35) 250 (40)
Relaxation time 98 (25) 105 (25)

All values NS. Values are mean (SD). MR, mitral
regurgitation; SAECG, signal averaged electrocardiogram.
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Nature of ventricular activation in patients with dilated cardiomyopathy

Table 2 Relation between PR interval and
electromechanical delay (EMD)

ApparentEMD CorrectedEMD
(48 (15) ms) (73 (15) ms)

PR interval - 0 74** - 0-26
(185 (25) ms)
Corrected PR interval - 0-53* - 0-35
(163 (30) ms)

* p < 0-05; ** p < 0-01.

apparent value, and the true PR interval was

derived by subtracting it. When this was done,
the close correlation of electromechanical
delay with the PR interval disappeared (table
2, fig 4(B and C)). The interval from the Q
wave to the onset of interventricular septal
thickening was also corrected by adding early
potential time to the apparent value. Once
this was done differences among groups were
no longer apparent (table 3).

ONSET OF MECHANICAL ACTIVITY ON BOTH
SIDES OF THE HEART
Table 3 shows the relative delay in the onset
of motion of the left and right ventricular free
walls and the comparison among the groups.

Compared with the upper limit of the normal
95% confidence interval (95% CI), 45 ms for
left, 50 ms for right, and 55 ms for left poste-
rior wall, we noted that the onset of left ven-

tricular free wall motion was equally delayed
in all the patients with classical left bundle
branch block and intraventricular conduction
defect; the onset of the right ventricular free
wall motion was delayed in 13 out of 20
patients with left bundle branch block and 24
out of 29 with intraventricular conduction
defect to an extent similar to that seen in
patients with right bundle branch block.

CLINICAL CORREIATIONS
In the 12 patients with left bundle branch
block or intraventricular conduction delay
who had normal onset of right ventricular wall
motion, two had developed conduction
abnormalities during aortic surgery and two
had previously undergone coronary arterial
bypass grafting. Patients with delayed onset of
right free wall motion (six patients) had a

longer early potential time (35(11) ms v

12(6.0), P < 0-01) than those without delay
(seven patients), in whom it was effectively
normal. In the presence of right bundle
branch block, the left free wall motion was
also delayed in three out of the four patients
with a dilated left ventricle but not in any of
the patients with an atrial septal defect.

Discussion
The conclusions of this study are unorthodox.
We had assumed that a broad QRS complex
in patients with left ventricular disease was

due either to intraventricular conduction
delay or to bundle branch block if the appro-
priate electrocardiographic criteria5 9 were ful-
filled. The site of this block we took to be left
sided in most patients, and to be peripheral
rather than central. In such patients, we

believed that the left ventricle was activated
through the septum from the right ventricle,
whose conduction system remained intact.
Complete block of both left and right
branches of the bundle of His would, we

assumed, lead inevitably to complete heart
block. A long PR interval, often present in
patients with severe left ventricular disease,
we took to be the result of a related conduc-
tion disturbance. As our results became
incompatible with these widely held assump-
tions, our experimental design had to vary as

the investigation progressed.
If a broad QRS complex on the electrocar-

diogram were, in fact, caused by a block in
one or other branches of the bundle of His,
one would expect the onset of mechanical
activity of the appropriate ventricle to be
delayed. In patients with a right bundle
branch block pattern on the electrocardio-
gram this conclusion was confirmed, with sys-

tolic motion of the right ventricular long axis
starting an average of 55 ms later than nor-

mal. On the left side of the heart a similar
delay would be anticipated in patients with
the electrocardiographic pattern of left bundle
branch block, provided the underlying abnor-
mality was a discrete proximal interruption of
the pathway. If the abnormality was an arbori-
sation block, the time of onset could be nor-

mal. In fact, we found the electromechanical
delay to be abnormally short in our patients.
This was apparent either when the earliest
wall thickening, usually in the septum, or the
onset of functional mitral regurgitation was

taken as evidence of the onset of mechanical
activity, these two events being effectively syn-
chronous. It also seemed that the PR interval
was often long, and that there was a clear
inverse correlation between this lengthening
and the electromechanical delay. This combi-
nation of short electromechanical delay and
long PR interval strongly suggested that the
onset of the QRS complex on the 12 lead elec-
trocardiogram did not mark the true onset of
ventricular activation.
To investigate this hypothesis, we used sig-

Table 3 Relative time intervals of regional wall motion (ms)

Right bundle Intraventricular Left bundle
Normal branch block conduction defect branch block
(n = 1S) (n = 6) (n = 29) (n = 20)

Q to septal thickening 75 (15) 75 (15) 43 (14)** 43 (12)**
Corrected Q to septal thickeningt 82 (12) 75 (12) 78 (15)
Septum to left ventricular posterior wall 30 (13) 35 (15) 85 (30)** 100 (25)**
Septum to left free wall 20 (12) 27 (25) 95 (30)** 100 (30)**
Septum to right free wall 20 (14) 75 (10) ** 65 (25)** 65 (25)**
** p < 0-01 v normal. Values are mean (SD).
t Assuming 40 pV to be the minimum potential recorded by 12 lead electrocardiography, and with a sample size of 15, for
normal, 12 for intraventricular conduction defect, and left bundle branch block.
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nal averaged electrocardiography to detect
potentials too low to appear on the standard
12 lead electrocardiogram. By analogy with
late potentials,'02 we defined early potentials
as those below 40 ,V occurring at the start of
ventricular activation, and measured their
overall duration in the same way. The upper
limit of normal for the duration of such poten-
tials was 25 ms. In patients with dilated
cardiomyopathy, in contrast, this was signifi-
cantly increased, up to 60 ms. The extent of
this lengthening correlated directly with PR
interval and QRS duration and inversely with
electromechanical delay. Furthermore, when
these early potentials were taken into account
in defining the true onset of activation,
electromechanical delay and the PR interval
reverted to normal, and their relation was lost.
The time interval from the Q wave to the
onset of interventricular septal thickening was
corrected in the same fashion. This abolished
the difference between patients and normal
controls. We believe, therefore, that these
early potentials underlie the very short appar-
ent electromechanical delay seen in these
patients, a finding that would otherwise be
hard to explain. Also, we suggest that much of
the apparent lengthening of the PR interval is
not due to an increase in the interval between
the onset of atrial activation and that of the
ventricle, but is due to a further delay between
the true onset of ventricular activation and its
earliest appearance on the 12 lead electrocar-
diogram.
The existence of early potentials raised fur-

ther theoretical problems. In particular, it was
not immediately clear how they could have
arisen at all if, as is generally believed, the left
ventricle in the presence of left bundle branch
block is activated through the septum from
the right, where activation is assumed to be
normal. The duration of these early poten-
tials, up to 60 ms, is incompatible with nor-
mal right sided activation. To investigate this
matter further, therefore, we observed the
onset of mechanical movement of the right
ventricle, using longitudinal motion of the
right atrioventricular junction as an index. We
found movement of the right ventricular
septum to be delayed in most patients with
dilated cardiomyopathy to the same extent as
seen in those with uncomplicated right bundle
branch block. Those in whom it was not
delayed did not have abnormal early poten-
tials. To explain our findings, we were forced
to assume that many of the patients with
dilated cardiomyopathy effectively had both
right and left bundle branch block. This
occurred in the absence of 12 lead electrocar-
diographic evidence of right bundle branch
block and, more significantly, of complete
heart block.
We believe that it is possible to explain

these apparently anomalous findings,
although at the expense of abandoning some
traditional ideas on electrocardiography. The
combination of the mechanical features of
right and left bundle branch block without
complete heart block indicates that ventricu-
lar activation must be occurring through some

proximal route in the bundle of His. The nor-
mal or long PR interval, even when corrected
for early potentials, indicates that this path-
way must be either low in the atrioventricular
node, or more probably distal to it. The nor-
mal corrected electromechanical delay seen
on the left side showed that early potentials
are associated with activation of the function-
ing myocardium and are not confined to the
conduction system, which we assume to be
without contractile activity. The site of this
early contraction can be localised by M mode
echocardiography, and shown to be the basal
and mid-septum. We conclude, therefore,
that our results, although unorthodox, are
internally consistent, and can be explained by
assuming that ventricular activation proceeds
through fibres that arise from the conduction
system between the low atrioventricular node
and the proximal bundle, and are inserted
into the myocardium of the upper septum. As
the potentials are so low, the absolute mass of
muscle involved is probably small. This, in
combination with their duration, suggests that
conduction velocities must be low and that
subsequent spread is myogenic rather than
through specialised conduction fibres. Finally,
the direction of the vector of these early
potentials is either from left to right or vice
versa and suggests that this early activated
myocardium may be localised on either side of
the septum.
A mechanism of ventricular activation such

as that we have outlined should be amenable
to anatomical proof. We have, as yet, no such
direct information. The pathway whose exis-
tence we have deduced closely resembles that
described by Mahaim and Winston on the
basis of multiple serial sections.13 They delin-
eated, in a series of mammalian hearts includ-
ing human ones, high connections or fibres,
the anatomy, diameter, and number of which
were all very variable between individual
hearts. Their histology was that of the con-
duction system and, in humans, they arose
from the atrioventricular bundle. They either
passed directly to septal muscle from the bun-
dle, or less commonly arose and ended in the
bundle, but came into contact with the
myocardium in their mid-portion. Mahaim
and Winston also investigated their physiolog-
ical significance in laboratory animals. They
noted that section of both branches of the
main bundle did not necessarily lead to com-
plete heart block, only doing so when the high
connections were small and scanty. Provided
that the high fibres were well developed, the
only effect of section of both bundles was to
prolong the PR interval. They introduced the
term "bloc bilateral manque" to describe this
state of affairs. Two years later, Mahaim and
his colleagues were able to document com-
plete interruption of both bundles by fibrosis
at necropsy in a patient with severe left ven-
tricular disease, whose electrocardiogram
showed what would now be described as clas-
sical left bundle branch block with atrial flutter
and a normal ventricular rate.'4 These effects
must, of course, be differentiated from certain
tachycardias of left bundle branch block con-
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Nature of ventricular activation in patients with dilated cardiomyopathy

figuration, which have also been ascribed
more recently to Mahaim fibres.'5 16 The rela-
tion of these nodoventricular fibres to the
arrhythmias that they are alleged to mediate
remains problematic. In contrast, the combi-
nation of bilateral block, long PR interval, and
absence of complete heart block corresponds
closely with the original physiological and
clinical descriptions of Mahaim and his col-
leagues.
Our study clearly has limitations. The possi-

bility arises that the apparently short electro-
mechanical delay seen in our patients
represented the end of left atrial activity or, in
the case of functional mitral regurgitation,
that a presystolic component was present. We
therefore took the onset of septal thickening
rather than the start of inward motion to
avoid this possibility. We have also found an
abnormally short electromechanical delay in
patients with atrial fibrillation in whom an
atrial component was clearly not involved (fig
5). The exact technique of measurement of
early potentials was arbitrary. We have not
established a clear threshold at which voltages
appear on the standard 12 lead electrocardio-
gram, although both absolute value and rate
of rise seem to be important. The value of 40
/V was therefore used by analogy with late
potentials. Apart from causing apparent pro-
longation of the PR interval, the presence of
early potentials did not seem to modify the
standard 12 lead electrocardiogram in any
consistent way; in particular, there was no
relation with the presence or absence of septal
q waves. It might have been expected that the
delayed right ventricular activation, shown to
be present in many of our cases on mechani-
cal grounds would have had some influence

on QRS configuration. We cannot identify
any such pattern and have no direct evidence
on why we were unable to do so.
Nevertheless, we do not consider this to be an
insuperable objection, bearing in mind the
well known effect of left bundle branch block
in masking Q wave evidence of myocardial
infarction.
The results of our study have several impli-

cations. They have shown that ventricular
activation may be more abnormal than has
previously been thought in patients with ven-
tricular disease. They explain the striking
lengthening of functional mitral regurgitation,
and thus the development of left ventricular
pressure in some of these patients, findings
previously attributed to impaired contractil-
ity. 7 18 They also explain why the time course
of right ventricular systolic pressure may also
be long.'920 It has become clear that what is
described as left bundle branch block in
humans is different from an experimental
model in which the left branch of the bundle
of His has been interrupted. The additional
presence of right bundle branch block also
provides a more convincing explanation for
differing effects of right ventricular pacing and
left bundle branch block on left ventricular
function than any we were previously able to
offer.2' This indicates that the left ventricle
can be activated from the right, and that when
this occurs, the time of the rise in left ventric-
ular pressure is significantly reduced. The
presence of this masked right bundle branch
block further extends a historical debate on
the nature of bundle branch block that has
already lasted for over 70 years.22-24 It may
ailso be related to cardiac death from brady-
cardia rather than from malignant ventricular

Figure S Functional
mitral regurgitation on a
continuous Doppler trace
in a patient with atrial
fibrillation and dilated
cardiomyopathy, showing
a very short
electromechanical delay
(EMD) (Q to onset of
mitral regurgitation).
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tachycardia in patients with advanced conges-
tive heart failure.25 Even so, it does not seem
impossible that the region of slow conduction
high in the interventricular septum might be a
potential source of ventricular arrhythmias
due to sustained bundle branch re-entry,
which has been found almost exclusively in
patients with dilated cardiomyopathy or con-
gestive heart failure.26 These patients usually
have inducible monomorphic ventricular
tachycardia and similar electrocardiographic
findings as in our patients-that is, an intra-
ventricular conduction defect characterised by
a long QRS duration and HV interval (PR
interval) and no complete heart block.26 We
suggest, therefore, that combining electrical
and mechanical findings has proved fruitful in
investigating disturbances of ventricular acti-
vation. To show the profound functional
effects of these abnormalities may open the
way for more effective treatment than has
been possible by pharmacological means.
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