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Bundle of His recordings in congenital heart disease'
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Bundle of His recordings were obtained from 34 children with congenital heart disease. Except for patients
with endocardial cushion defect or L-transposition of the great arteries recordings were obtained by usual
methods. In endocardial cushion defect it was necessary to position the electrode catheter more posteriorly, and
in L-transposition of the great arteries recordings were obtained in the subaortic region. Both instances reflect
anatomical variations in the conduction system previously described.

The recorded atrial to His depolarization time (AH interval) and the His to ventricular depolarization
time (HV interval) were normal in all patients without heart block and tended to increase with age. Two
patients with complete heart block after operation were found to have block distal to the His bundle record-
ing site, while in the patients with congenital complete heart block it was proximal to this site.

The recording of bundle of His electrograms had
been reported in the intact human heart as early as
I960 when Giraud et al. (I960) reported his findings
in patients with atrial septal defect. However, it had
not been employed widely until Scherlag et al.
described the catheter technique in I969. Since
that time, the method has been extensively used in
the study of AV conduction in adults (Berkowitz et
al., I969; Castillo and Castellanos, 1970; Cohen et
al., I969; Damato and Lau, I969; Damato et al.,
I969a, b, c; Lau et al.,I969; Massumi, 1970; Narula
and Samet, I970), and some reports have com-
mented on its use in congenital heart defects (Abella
et al., I972; Brodsky et al., I97I; Cohen, Samet,
and Yeh, I970; Kelly et al., 1972; Roberts and
Olley, I972; Torresani et al., I969; Watson, Emslie-
Smith, and Lowe, I967).
This study was undertaken to determine the

feasibility of obtaining His bundle recordings in
complex congenital heart defects, especially those
such as corrected transposition of the great vessels
and endocardial cushion defects where anatomical
abnormalities of the conducting system have been
demonstrated. It was also sought to define further
the AV conduction in patients with congenital and
acquired complete heart block.
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Subjects and methods

His bundle recordings were obtained in 34 children be-
tween the ages of 2 months and I8 years (median age
=55 years) who underwent cardiac catheterization in
the postabsorptive state. Diagnoses included ventricular
septal defect, atrial septal defect, Fallot's tetralogy, endo-
cardial cushion defect, pulmonary stenosis, complete
transposition of the great arteries, corrected transposi-
tion of the great arteries, congenital complete heart
block, acquired complete heart block, and cardiomyo-
pathy.

Children over the age of i year were premedicated
with pethidine compound (promethazine, chlorproma-
zine, and pethidine); children under the age of i year
received no premedication. The studies were performed
using an approach from the lower extremity. Recordings
were made using a bipolar or tripolar electrode catheter
according to the method described by Scherlag et al.
(I969). Occasionally a multipolar (3 paired) electrode
catheter was used.
Some modification of the method was necessary with

reference to catheter placement in order to record the
His potential in corrected transposition of the great
arteries and endocardial cushion defect. In the former,
recordings were obtained in the subaortic region, with
the catheter being inserted via the retrograde arterial
route or antegradely by entering the subaortic region
via a ventricular septal defect. In the latter it was placed
in a more posterior position than usual near the tricuspid
septal leaflet. In all other defects it was possible to record
the His deflection at gr near the septal leaflet of the tri-
cuspid valve. Pacing,studies at the His bundle and the
right ventricular endocardium were undertaken in Case
3I with congenital complete heart block.
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The time from atrial to His bundle depolarization seconds (msec), as listed in the Table. There was a
(AH interval) was measured from the initial wave of tendency for the AH interval to increase with age.
atrial activation recorded with the intracardiac electrode The HV intervals varied between 22 and 50 msec,
to the first fast wave of His bundle activation. The time and also showed a tendency to increase with age.
from His bundle to ventricular depolarization (HV anduasonso te ndencytioninreas ith wag
interval) was measured from the initial fast wave of HisI th d o Hn(n
activation to the earliest wave of ventricular activation, 8 to ISmpsec.
whether this occurred on the surface electrocardiogram Abnormalities were found in 2 patients with nodal
or on the intracardiac electrogram. rhythm (in whom no AH intervals were recorded)

and in 6 patients with complete heart block. In 4
patients with complete heart block, the block was

Results found to be proximal to the recorded bundle of His.
The AH intervals varied between 52 and I3I milli- In all 4, the HV interval was normal, ranging from

TABLE Heart rate (HR), atrial to His depolarization time (AH), His to ventricular depolarization time
(HV), and duration of His deflection (H duration) in the various cardiac defects

Case Age Defect Medication HR AH HV H duration
No. per min (msec) (msec) (msec)

I 3 mth Ventricular septal defect
2 4 mth Ventricular septal defect
3 4 mth Ventricular and atrial septal defect
4 7 mth Ventricular septal defect

5 3 yr 8 mth Ventricular septal defect
6 7 yr II mth Ventricular septal defect post-op.
7 II yr Ventricular septal defect
8 II yr Ventricular septal defect
9 I yr 7 mth Atrial septal defect
IO 5 yr 3 mth Fallot
II 5 yr 7 mth Fallot
I2 6 yr 2 mth Fallot
13 7 yr II mth Fallot
14 8 yr 6 mth Fallot
IS 8 yr 9 mth Fallot
I6 Io yr Faflot
17 2 mth Pulmonary stenosis
I8 I yr 7 mth Pulmonary stenosis
I9 2 yr 3 mth Pulmonary stenosis
20 3 yr 9 mth Pulmonary and aortic stenosis
21 8 yr IO mth Pulmonary stenosis
22 9 yr 8 mth Pulmonary stenosis and persistent ductus

arteriosus
23 8 mth D-transposition of great arteries
24 8 mth Cardiomyopathy
25 I yr Endocardial cushion defect ASD

ostium primum
26 i yr 6 mth Endocardial cushion defect ASD

ostium primum
27 5 yr 9 mth Endocardial cushion defect
28 9 yr Corrected transposition of great arteries,

single ventricle
29 7 yr 3 mth Congenital complete heart block (cor-

rected transposition, ventricular septal
defect, pulmonary stenosis)

30 S mth Congenital complete heart block

3I 8 yr Congenital complete heart block

32 7 yr 6 mth Acquired complete heart block, Fallot,
post-catheterization

33 8 yr 5 mth Acquired complete heart block (ASDI,
ostium primum, postop.)

34 i8 yr Acquired complete heart block (ventricu-
lar septal defect, postop.)

Digoxin I66 68 28
Digoxin I07 60 32
Digoxin I87 Nodal 22
Digoxin, I07 70 3I

diuretics
136 73 3I

Digoxin 88 9I 50
79 75 38
93 92 40
I25 89 36
IOO 52 32
94 63 35

Digoxin 75 Nodal 50
75 I30 "48
IOO 98 29
I07 I02 40
125 62 46
150 79 38
90 80 3I
I25 67 22
IOO 70 40
I07 9I 41
88 120 31

Digoxin I83 62 39
Digoxin I36 97 33
Digoxin, I25 95 28

diuretics
I25 I31 28

Digoxin IOO 105 40
75 I02 30

a=107 35
v=85

a=107 - 35
V=48
a=8o 32
v= 68
a=104 40
v=64
a=94 II8 -
v=47
a=95 70 -
V=47

II
8
8
8

I2

9
IO
8

II
I0

9
9

II
II
I2
8

I5
IO
IO

9
'3
I3

12
I3
IO

IO

'4
I3

I0

IO

7

8

I5

I5
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32 to 40 msec. Of these 4 patients, 2 (Cases 30 and 3I)
had congenital heart block with no associated cardiac
lesions. During His pacing in Case 3I, the interval
from the stimulus artefact to ventricular depolariza-
tion was equal to the HV interval recorded during
spontaneous rhythm. Case 29 had complete heart
block associated with corrected transposition of the
great arteries, a ventricular septal defect, and pul-
monary stenosis. One other patient (Case 32) who
had Failot's tetralogy, developed complete heart
block proximal to the recorded His bundle during
cardiac catheterization.
Two patients were found to have the block distal

to the recorded bundle of His; in both cases, the
block developed after cardiac surgery. Normal
values were found for the AH interval. In Case 33,
the block developed during surgical closure of an
ostium primum atrial septal defect; Case 34 devel-
oped block during surgical closure of a ventricular
septal defect.
There were no complications attendant upon the

study of the conduction system.

Discussion
The data suggest that the prolongation of the PR
interval which occurs with increasing age is related
to an increase in both the AH and the HV intervals.
This is in agreement with Abella et al. (1972) who
showed such an age dependent variation in their
study of I00 children. Brodsky et al. (I97I) found
that the prolongation occurred proximal to the His
bundle, and Roberts and Olley (I972) found that it
was distal. Some of the disagreement may relate to
the various methods of measurement employed by
different authors, for, unfortunately, a uniform
method has not been established. The method em-
ployed here, using the initial deflection in the intra-
cardiac tracing to indicate the onset of atrial activity,
was the same as that used by Roberts and Olley
(I972). Even when similar methods are used, slight
differences in time intervals may be related to in-
ability to ensure a uniform site of recording using
the catheter technique. Measurements of these in-
tervals directly during open heart surgery may help
establish normal values with greater accuracy.
Studies by Kupersmith et al. (1972) using such a
technique have demonstrated HV intervals similar
to those obtained by catheter.

Anatomical studies have shown the ingenuity of
the conduction system in maintaining its integrity
despite anatomical abnormalities involving its nor-
mal course (Lev, I959, I960, I962; Lev, Licata, and
May, 1963). The electrophysiological findings in this
studyaccordwiththeanatomical evidence. Lev (I962)

and Rosenbaum,Elizari,and Lazzari (I970) have des-
cribed the course of the normal conduction system.
They indicate that the atrioventricular (AV) node
originates between the coronary sinus and the septal
leaflet of the tricuspid valve. The bundle of His be-
gins at the terminal portion of the node and enters
the central fibrous body as the 'penetrating portion'.
Then, it passes leftward to become the 'branching
portion' at the site of the pars membranacea septi
from whence it gives off the posterior radiation of
the left bundle. It then courses rightward before
giving off the anterior division of the left bundle and
the single right bundle. In the present study the fact
that His bundle recordings were obtained at the
tricuspid valve with relative ease from patients with
ventricular septal defect and Fallot's tetralogy re-
flects the more nearly normal anatomy of the initial
(penetrating) portion of the bundle. In ventricu-
lar septal defect (Lev, I960) and in tetralogy of
Fallot (Lev, 1959) the bundle maintains close proxi-
mity to the defect even when the defect involves
the site of the pars membranacea.

However, it was more difficult to obtain record-
ings in patients with endocardial cushion defects,
either partial or complete. It was necessary to place
the catheter in a more posterior position near the
tricuspid septal leaflet. This relates to the location
of the bundle in these defects, as described by Lev
(I962). The abnormal posterior position of the
bundle in cushion defects has notable surgical im-
plications. Not uncommonly complete heart block
attends the surgical correction of these defects
(Fryda, Kaplan, and Helmsworth, I97I). This
complication shows the need for alteration in tech-
nique to prevent interruption of the bundle. Cathe-
ter recordings have added valuable information
concerning the location of the bundle and should
indicate the obvious need for direct recordings
during the corrective open heart procedures. Kaiser
et al. (I970) have described this technique in detail.
In fact, direct vision recordings are easier to obtain
than those obtained by catheter. Such recordings
have been undertaken routinely in the repair of
partial or complete cushion defects at one of the
two centres (AMCH) from which this report origin-
ates. The technique has been found efficient, reli-
able, and helpful in preventing surgical heart block.

Recordings were obtained with great difficulty in
corrected transposition of the great arteries, with
or without associated defects. The bundle takes a
peculiar course in this anomaly, which, as indicated
by Lev et al. (I963), is longer than normal and is a
mirror-image of normal. We obtained His electro-
grams in 2 patients with corrected transposition by
placing the catheter in the subaortic region (Fig. i),
but were unsuccessful in 6 patients with this lesion
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FIG. I Case 28 with corrected transposition of great arteries. Standard electrocardiogram
(ECG) and His bundle electrogram (HBE), time lines = 40 msec. Atrial to His depolarization
time (AH interval), I02 msec. His to ventricular depolarization (HV interval), 30 msec.

in recording the His bundle from the right side.
This may relate to the abnormal course of the bundle
and to its greater accessibility from the left side of
the heart. The normal HV interval in our 2 cases
indicates that neither the increased length of the
bundle nor its peculiar course alters its configuration
or conduction time. However, the natural vulner-
ability of the conduction system in corrected trans-

position may relate to this course since 3 of the 6
patients studied had either complete AV dissociation
or arrhythmias. Friedberg and Nadas (1970) re-
ported an incidence of AV disturbances in 32 per
cent of their 6o cases of corrected transposition.
Repair of defects associated with this are difficult
partly because of the mechanical impediment im-
posed by the anatomically inverted ventricles and

11111111 t '''IIIIIIIIIIHIIIHIH''11-1'tilt1'-[t11 u1 11111 1
OCG

.i' A , te~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-----
PBE $/ t ,

s!~~ l; I~~~~~i
..1i11iIJ~~~~~~~~~~~LL 21 1 Vh2~~~~~~~~.1.IHA.HH.HH.I......

FIG. 2 Case 33 with surgically acquired complete heart block. Standard electrocardiogram
(ECG) and His bundle electrogram (HBE), time lines = 40 msec. AH interval si8 msec. Inter-
ruption of conduction occurs distal to the recorded bundle of His.
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partly because of the abnormal course of the con-
duction system. By combining the information from
catheter recordings with intraoperative recordings
for delineating the bundle of His, acquired conduc-
tion disturbances may be obviated.

In our 2 patients with congenital complete heart
block without associated lesions, the site of block
was found to be proximal to the His bundle. A QRS
complex of normal configuration and duration was
found in the standard electrocardiograms of these
2 patients, as well as in the other 2 patients (Cases
29 and 32) with blocks proximal to the bundle of
His. However, a narrow QRS complex may also be
found when the block is more distal. Of our 2
patients with complete heart block after operation,
both were found to have blocks distal to the bundle
of His recording. One of these (Case 33, Fig. 2)
had a normal QRS configuration on the standard
electrocardiogram. This probably represents a focal
block within the bundle of His, with the pacemaker
being within the lower bundle but distal to the
block. The failure to record the latter deflection
suggests that the pacemaker must have been very
low in the bundle and inaccessible to the catheter
electrode.

It is apparent from these studies that His electro-
grams reflect the anatomical situation in congenital
heart disease. In ventricular septal defect and Fal-
lot's tetralogy they lend electrophysiological support
to the more normal course of the penetrating portion
of the bundle. When gross aberrations of the con-
duction system are present, as in endocardial cushion
defect and corrected transposition of the great
arteries, modifications of techniques of recordings
are necessary. Catheter methods have helped to
locate the conduction system. More importantly,
they suggest the value of these electrophysiological
studies in the surgical situation where the greatest
therapeutic benefit will be appreciated directly.
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