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Conduction defects, ventricular arrhythmias, and late
death after surgical closure of ventricular septal defect
R S BLAKE*, E E CHUNG, H WESLEY, K A HALLIDIE-SMITH

From the Royal Postgraduate Medical School, London

SUMMARY One hundred and eighty-seven patients who had surgical closure of a ventricular septal
defect between 1958 and 1975 were followed for up to 21 years. There were 17 rate sudden deaths of
.which eight occurred in completely fit patients while nine were already under medical care. In an

attempt to elucidate possible risk factors the preoperative and serial postoperative electrocardio-
grams of all patients were studied. Fifty-one unselected healthy follow-up patients agreed to 24 hour
ambulatory monitoring. Progressive exercise testing (Bruce protocol) was carried out on 31 of them
and an additional seven patients. There was a significant correlation between recorded ventricular
arrhythmias and conduction defects, particularly progressive conduction defects. Transient com-

plete heart block carried a bad prognosis and grade 3-4b ventricular arrhythmias were a major risk
factor and recorded in 10 of the 17 patients who died. Long-term postoperative electrocardiographic
follow-up is recommended and 24 hour ambulatory monitoring and exercise testing complement the
findings of the resting electrocardiogram. The long-term treatment of survivors found to have
ventricular arrhythmias must be considered.

With an incidence of about two in 1000 live births,
ventricular septal defect is one of commonest congeni-
tal abnormalities affecting the heart. Reports have
been published on the long-term follow-up of surgical
closure of the defect. 1-4 Much attention has been paid
to specific aspects, especially conduction distur-
bances5- "I and pulmonary vascular diseases'2- 16 after
surgery. Very little has been written about late death,
and to our knowledge no paper in the English journals
deals with ventricular arrhythmia and its relation to
late death.
We report a series of 187 patients who were success-

fully operated on by W P Cleland and H H Bentall
between 1958 and 1975 at the Hammersmith Hospital
and who have been followed for one to 21 years after
operation with special attention to factors relating to
late deaths.

Subjects and methods

Hospital records of 187 patients, whose ventricular
septal defects were closed between 1958 and 1975 and
who survived for more than one year after operation

*Present address: Department of Cardiology, 1 ygerberg Hospital, Private Bag,
Tygerberg 7505, South Africa.

Accepted for publication 9 September 1981

were reviewed. Age at operation, year of operation,
sex, anatomical site and size of the defect, mode of
closure, haemodynamic data, postoperative heart fail-
ure, and infective endocarditis were noted and tabu-
lated. The clinical status of survivors was determined
either by direct contact with each patient or by ques-
tionnaires sent to the patients or their attending
physicians.

Standard 12 lead electrocardiograms recorded
preoperatively, postoperatively (period in hospital
after surgery), and during the follow-up period were
analysed and compared for the presence of arrhyth-
mias, conduction disturbances, and mean frontal
plane QRS. axis. Left axis deviation was diagnosed
when the mean frontal plane QRS axis was beyond
- 30°. Right bundle-branch block was considered pre-
sent when the QRS interval in the right precordial
leads exceeded 120 ms with a definite terminal delay.
Ventricular ectopic activity found on routine elec-
trocardiograms was graded as outlined in Table 1.

Twenty-four hour outpatient ambulatory elec-
trocardiographic monitoring was performed on 51
unselected patients with the Oxford Medilog cassette
recording system. Recordings were analysed using a
Reynolds High Speed Pathfinder analyser. Ventricu-
lar arrhythmias were graded as outlined in Table 1
using a modification of the Lown criteria.'7 Subjec-
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Table 1 Grading ofventtcular arrhythmias
Grade Routine electrocardiogram 24 hour electrocardiographic Exercise test

momtonng
O No ventricular extrasystoles No ventricular extrasystoles No ventricular extrasystoles
1 One ventricular extrasystole in less than Occasional ventricular extrasystoles but no One ventricular extrasystole per minute

30% of available electrocardiograms more than 30 in any hour of monitoring
2 One ventncular extrasystole in less than More than 30 ventricular extrasystoles in Two ventricular extrasystoles per minute

30% of available electrocardiograms any hour of monitoring
3 Multiform ventricular extrasystoles in Multiform ventricular extrasystoles Multiform ventricular extrasystoles

addition to two
4a Couplets in addition to two Couplets Couplets
4b Ventricular tachycardia (salvoes of Ventricular tachycardia Ventricular tachycardia

three or more ventricular extrasystoles)

tive maximal exercise testing was done on 38
unselected patients, 31 of whom also had 24 hour
ambulatory electrocardiographic monitoring.
The exercise tests were performed in accordance

with the Bruce protocol' on a motorised treadmill.
The electrocardiogram, using Frank orthogonal leads
(XYZ), was displayed on an oscilloscope and visually
observed for rate and rhythm for at least 10 minutes
before the exercise procedure. All arrhythmias seen
during this period were recorded. During, and for five
minutes after exercise, a standard electrocardio-
graphic strip chart recorder continuously recorded
these three leads. Indirect blood pressure determina-
tions were done before and immediately after exer-
cise. In the absence of disabling fatigue, dyspnoea,
angina pectoris, or major ventricular arrhythmia (sus-
tained ventricular tachycardia or ventricular fibrilla-
tion), the patients were encouraged to continue for as
long as possible. Grading of ventricular arrhythmias
was performed using the criteria of Antman et al. 19 as
outlined in Table 1.

Statistical analyses were done using the x2 test.

Results

Of the 187 patients reported here, 102 were male and
85 female. There were 147 children whose ages
ranged from 2 to 16 years. The mean age at operation
was 12*6 years, range two to 44 years. The mean
follow-up period was 11 years, with a range of one to
21 years. There were 17 late deaths one to 21 years
after operation.
The defect was considered "large" in 167 patients

and "small" (<1 cm) in 20 patients. The defects were
membranous in 134 patients, infundibular in 20
patients, muscular in five, in the inflow septum in
eight, a Gerbode type defect in 13, and multiple in
seven. The defect was patched in 95 patients and
closed by sutures alone in 92.

ASSOCIATED DEFECTS AND RESIDUAL LESIONS
In addition to closure of the ventricular septal defect,
38 patients, with gradients ranging from 20 to

60 mmHg across the right ventricular outflow tract,
had resection of infindibular muscle. Three patients
had atrial septal defects closed and eight had a persis-
tent ductus arteriosus ligated. Nineteen patients had
associated aortic regurgitation. The defects in the
latter patients were membranous in nine, infundibu-
lar in nine, and a left ventricular to right atrial shunt
in one.
Three of them had a sinus of Valsalva fistula to the

right ventricle and three had small perforations of one
of the aortic cusps. All of these were closed during
surgery. Thirteen patients had a right or non-
coronary cusp prolapsing through the ventricular sep-
tal defect, requiring valvuloplasty in all.
The aortic regurgitation was considered mild in 10

patients, moderate in five, and severe in four. Fifteen
of these patients still had aortic regurgitation after
surgery. Additionally, eight patients who did not have
aortic regurgitation preoperatively, developed it post-
operatively, making the total with postoperative aortic
regurgitation 23. In the majority (15) the postopera-
tive aortic regurgitation was mild to moderate and
remained stable during the follow-up period. Two of
those, though completely asymptomatic, died unex-
pectedly three and 15 years after operation. In both
there was reason to believe that death resulted from
complete heart block.

In eight patients aortic regurgitation was progressive
with left heart failure. Five of these had one or more
episodes of infective endocarditis. One of them died
before valve replacement could be done and three
others two weeks to six months after aortic valve'
replacement. One is alive and asymptomatic after aor-
tic valve replacement. Thus, a total of seven deaths
occurred in the group with postoperative aortic regur-
gitation, four of whom had infective endocarditis as
well.
On clinical grounds 43 patients were thought to

have signs of residual ventricular septal defect after
operation, five associated with residual aortic regurgi-
tation and two with mitral regurgitation. In 37 the
residual defect was considered insignificant, but in six
it required reclosure of the defect.
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ENDOCARDITIS
During the follow-up period, 10 patients had one or
more episodes of infective endocarditis. Four of these
had residual ventricular septal defect, four had aortic
regurgitation, and one had ventricular septal defect
and aortic regurgitation. The remaining patient is of
interest as he had well documented, culture positive,
infective endocarditis without signs of any residual
lesions.

MYOCARDIAL INFARCTION
Four patients had myocardial infarctions. Two of
them had residual aortic regurgitation and one
residual ventricular septal defect, all three requiring
reoperation. In one the infarction followed the origi-
nal operation and in two it followed reoperation. The
remaining patient had pulmonary hypertension with
no residual lesions and had a myocardial infarction 19
years after operation at the age of 26. All four died.

HEART FAILURE
Nineteen patients were treated for left heart failure
during the follow-up period. One of them had pro-
gressive pulmonary hypertension and myocardial
infarction, one was dignosed as peripartum car-

diomyopathy, one had progressive pulmonary hyper-
tension only, and the remaining 16 all had residual
ventricular septal defect and/or aortic regurgitation
complicated by a myocardial infarction in one and
infective endocarditis in seven. Eight of the patients
who had heart failure and four who had infective
endocarditis during the follow-up period died.

HAEMODYNAMICS
One hundred and three patients had preoperative sys-
tolic pulmonary artery pressures above 40 mmHg.
Table 2 summarises the systolic pulmonary artery
pressure:systemic artery pressure ratio, and Table 3
the pulmonary arteriolar resistance in these patients.
There were 12 late deaths in this group (cases 1, 5,

6, 7, 8, 9, 11, 12, 13, 14, 16, 17, Table 4) but only
three of them (cases 1, 7, 9) had progressive pulmo-
nary vascular disease and their deaths were largely the

result of this, though one also had complete heart
block (case 9) and one had a myocardial infarction
and serious ventricular arrhythmias (case 7).

Patients with raised pulmonary artery pressure and
resistance did not have a significantly increased inci-
dence of conduction disturbances or 'ventricular
arrhythmias. The functional status of patients with
pulmonary vascular disease has been previously
reported. 12 13

CONDUCTION PATTERNS
Conduction disturbances were common after closure
of a ventricular septal defect. In all our patients the
defect was closed via a ventriculotomy so that com-

parison with other surgical techniques was not poss-
ible.

Fig. 1 summarises the various conduction patterns
found preoperatively, postoperatively, and on the last
available electrocardiogram during the follow-up
period. The figures in brackets are the numbers of late
deaths.

Preoperatively there were 10 patients with left axis
deviation and 12 with right bundle-branch block.
Two of these had left axis deviation plus right
bundle-branch block and one had right bundle-
branch block, left axis deviation, and first degree
atrioventricular block.

Postoperatively there was a total of 105 (56%)
patients with right bundle-branch block and 26 (14%)
with left axis deviation alone or in combination. Sub-
sequently, a further 14 developed right bundle-
branch block and 16 left axis deviation. This is partly
accounted for by 14 of the patients who had transient
second degree atrioventricular block or complete
heart block postoperatively. Three of these were left
with left axis deviation, right bundle-branch block,
and first degree atrioventricular block, four with left
axis deviation plus right bundle-branch block, three
with first degree atrioventricular block and right
bundle-branch block, and four with right bundle-
branch block alone. There remains a group of nine
patients who developed left axis deviation one to 10
years postoperatively, having previously had normal

Table 2 Preoperative systolic pulmonary artery: systemic artery pressure ratio in 103 patients with systolic pulmonary artery
pressure >40 mmHg

Pressure ratio 0-3 0-4 0.5 0-6 0 7 0-8 0 9 1 >1
Number 11 18 12 15 7 11 8 19 2

Table 3 Preoperative pulmonary arteriolar resistance in 103 patients with systolic pulmonary artery pressure >40 mmHg

Pulmonary arteriolar
resistance 2 2-1-3 3-1-4 4-1-5 5-1-7 7 1-10 10-1-15 >15 ?

No. 24 14 10 8 7 23 9 5 3
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LAD RBBB °AVB 20 AVB TCHB PCBH LAD LAD °AVB

RBBB RBBB RBBB

° AVB

Preoperat ive 149 7 9 19 - - - 2

Figures in brackets indicate number of deaths.

Abbreviations: LAD = left axis deviation; RBBB = right bundle-branch block; AVB

TCHB = temporary complete heart block; PCHB = permanent complete heart block.

= atrioventricular block;

Fig. 1 Conduction patterns on preoperative, postoperative, and last available electrocardiogram.

conduction in one, right bundle-branch block alone in
seven, and first degree atrioventricular block and
right bundle-branch block in one. Five of these
patients with progressive conduction defect died
(cases 1, 5, 7, 13, and 17). Two patients with trans-
ient complete heart block postoperatively developed
complete heart block again, one (case 9) 13 years after
operation and the other (case 15) developed transient
complete heart block again 15 years later during
recatheterisation. Both these patients subsequently
died. One patients with normal conduction postopera-
tively later developed first degree atrioventricular
block and 15 years postoperatively he had a few faint-
ing spells. During one of these an electrocardiogram
was done which showed a transient complete heart
block. He was Holter monitored and, during the 24
hours, he had normal conduction alternating with
first, second, and third degree atrioventricular block.
He has had a pacemaker implanted and is now free of
symptoms.

RHYTHM DISTURBANCES
Table 5 gives a detailed analysis of the ventricular
arrhythmias detected on routine electrocardiogram
during the follow-up period in the whole group and
correlates it with the conduction pattern in each
patient. The number of late deaths is indicated by the
bottom figure in brackets in each column. One
hundred and forty-eight patients had no ventricular
arrhythmias. Six of these patients died. Three of them
had complete heart block (cases 14, 15, and 16,
Table 4), one had a first degree atrioventricular block

Table 5 Ventiular arrhythmia (grade) vs conduction on
routine electrocardiograms dunngfolow-up perio

Conduction Ventricular arrhythmia

0 1 2 3 4a 4b Total

Normal 48 1 1 1 52
(1) (1)

LAD 2 2
(2) (2)

RBBB 53 8 4 1 66
(0)

I' AV block 4 1 1 6
(1) (1) (2)

l1 AV block 9 1 3 13
+RBBB (0)
LAD+RBBB 26 2 1 1 3 1 34

(1) (1) (3) (1) (6)
1°x AV block+ 2 1 1 1 1 6
LAD+RBBB (1) (1) (2)
CHB 6 1 1 8

(3) (1) (4)
Total 148 14 7 9 4 5 187

(6) (1) (0) (3) (3) (4) (17)

Figures in brackets indicate number of late deaths.
Abbreviations: Fig. 1. Grading: As in Table 1.

(case 2), and two had uncomplicated sinus rhythm
(cases 1 and 11).

Fourteen patients had grade 1 ventricular arrhyth-
mia. Only one of these patients (case 8), who also had
left axis deviation, right bundle-branch block, and
first degree atrioventricular block, died.

Seven patients had grade 2 ventricular arrhythmia.
There were no late deaths in this group.

Nine patients had grade 3 ventricular arrhythmia,

Normal

conduction
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three of whom died. One of the deaths had an associ-
ated first degree atrioventricular block (case 4), one a

complete heart block (case 9), and one had left axis
deviation plus right bundle-branch block (case 17).
Four patients had grade 4a ventricular arrhythmia.

Three of these died (cases 7, 10, and 12); all three also
had left axis deviation plus right bundle-branch
block.

Five patients had grade 4b ventricular arrhythmia,
four of whom died. Two of these (cases 3 and 5) had
left axis deviation and two (cases 6 and 13) had left
axis deviation plus right bundle-branch block.

Eleven patients had supraventricular arrhythmias
during the follow-up period. In six this was estab-
lished atrial fibrillation, while five others had parox-

ysmal atrial fibrillation or atrial tachycardia. Five of
the patients with supraventricular arrhythmias died,
but all had ventricular arrhythmias as well. Three had
grade 4b, one had grade 4a, and one had grade 3 ven-

tricular arrhythmia.
Patients with conduction defects had a significantly

increased incidence of ventricular arrhythmias of all
grades (p<0.003).

LATE DEATHS
Seventeen patients died one to 21 years after opera-
tion. They were all operated upon before 1968.
Table 4 summarizes the clinical, electrocardio-
graphic, and haemodynamic findings in these patients.

In five (cases 3, 6, 8, 11, and 13) the immediate
cause of death was documented as ventricular fibrilla-
tion in hospital. In nine more the terminal events
strongly suggested death from arrhythmia. The
remaining three patients died of progressive pulmo-
nary vascular disease (case 1), intraperitoneal
haemorrhage after aortic valve replacement (case 4),
and during surgery for aortic valve replacement
(case 2).

Cases 1 and 2, who died from causes other than
arrhythmias, did not have any documented ventricu-
lar arrhythmias, while case 4 had grade 3 ventricular
arrhythmia.
Only one of the patients who died of arrhythmia

(case 11) had normal conduction and no ventricular
arrhythmias documented during the follow-up
period, but there was only one electrocardiogram
available for analysis. The remaining 13 arrhythmic
deaths all had ventricular arrhythmias and/or conduc-
tion defects during the follow-up period. (This has
already been discussed.) The risk of late death was

significantly increased by the presence of grade 3-4b
ventricular arrhythmia (p<0-001).
On clinical grounds the late deaths could be divided

into a group of eight patients in whom death was
sudden and unexpected, and nine in whom death was
not unexpected.

Blake, Chung, Wesley, Hallidie-Smith

EXPECTED LATE DEATHS
(cases 1, 2, 3, 4, 5, 6, 7, 8, 9, Table 4)
These patients had a mean age of 25*4 years at opera-
tion (range five to 41 years).
Three had progressive pulmonary vascular disease

and falling cardiac output (cases 1, 9, and 7) compli-
cated in case 9 by residual ventricular septal defect
and complete heart block and in case 7 by grade 4b
ventricular arrhythmia, left axis deviation and right
bundle-branch block, and a myocardial infarction.
They died respectively 15, 16, and 21 years after
operation.

Four patients (cases 3, 4, 5, and 6) had postopera-
tive aortic regurgitation, one had aortic regurgitation
and residual ventricular septal defect (patient 2), and
two had residual ventricular septal defect (patients 8
and 9). In five of these the residual lesions required
reoperation (cases 2, 3, 4, 5, and 8). Three of these
patients (cases 4, 5, and 8) also had myocardial infarc-
tions. Case 5 had an extensive anterior infarction after
the original operation. He had repeated attacks of
angina pectoris after discharge, increasing aortic re-
gurgitation and left heart failure necessitating aortic
valve replacement three years later. After this opera-
tion he had repeated classical Adams-Stokes attacks
and died during one of them six months later. Cases 4
and 8 had myocardial infarction after reoperation for
aortic valve replacement (case 4) and closure of
residual ventricular septal defect (case 8). Both died
in hospital within one month of operation. Four of the
late deaths with residual lesions were also treated for
infective endocarditis (cases 3, 4, 5, and 6) during the
follow-up period.

SUDDEN UNEXPECTED DEATHS
The patients in this group had a mean age of 13-7 at
operation. Only one (case 17) had signs of mild heart
failure during the last four years of follow-up. After
operation he had atrial fibrillation and right bundle-
branch block. He gradually developed left axis devia-
tion over the following six years. He also had grade 3
ventricular arrhythmia and died suddenly at home
nine years after operation. He complained of palpita-
tion two weeks before death.
Four patients developed complete heart block after

operation (cases 12, 14, 15, and 16). In two the block
was permanent. One of them (case 14) developed
mild aortic regurgitation two weeks after operation
and died suddenly three years after operation after a

mild respiratory infection. The other patient (case 16)
with permanent complete heart block died suddenly
at home one year after operation. He had pulmonary
hypertension and raised pulmonary arteriolar resis-
tance but was completely asymptomatic. Case 15 had
a small ventricular septal defect and mild aortic re-

gurgitation. He was asymptomatic but redeveloped
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transient complete heart block 15 years after closure
of his ventricular septal defect during a catheterisation
procedure and died suddenly one month later at
home.
The other patient with transient postoperative

complete heart block (case 12) had a small residual
ventricular septal defect but was asymptomatic. His

follow-up electrocardiogram showed right bundle-
branch block, left axis deviation, and first degree
atrioventricular block complicated by grade 4a ven-

tricular arrhythmia. He died suddenly at home.
Case 11 had normal conduction and no ventricular
arrhythmias noted during follow-up. He was asymp-

tomatic and died of documented ventricular fibrilla-
tion during anaesthesia for a fractured forearm one

year after operation.
Case 13 had frequent attacks of paroxysmal sup-

raventricular tachycardia. He also had left axis devia-
tion, right bundle-branch block, and grade 4b ven-

tricular arrhythmia and died of ventricular fibrillation
during anaesthesia for a dental extraction three years

after closure of his ventricular septal defect.
Finally, case 10 had a small residual ventricular

septal defect but was completely asymptomatic. He
had left axis deviation, right bundle-branch block,
and grade 4a ventricular arrhythmia. He died sud-
denly at home, presumably from a ventricular
tachyarrhythmia.

TWENTY FOUR HOUR AMBULATORY
ELECTROCARDIOGRAPHIC MONITORING
Contnuous 24 hour monitoring was performed on 51
unselected patients 10 to 20 years (mean 14 years)
after operation. Table 6 correlates the highest grade of
ventricular arrhythmia with the conduction pattern
on the 12 lead electrocardiogram. Fig. 2 compares the
ventricular arrhythmias detected on continuous
24 hour monitoring with those found on the routine
electrocardiograms.

Nineteen patients had ventricular arrhythmias dur-
ing the 24 hours of monitoring. In eight of them, the

arrhythmia was Lown grade 3-4b. All the patients
with ventricular arrhythmia had conduction distur-
bances. Two of the patients with grade 4a ventricular
arrhythmia have subsequently died, one of them
unexpectedly. Three patients had progressive conduc-
tion defect. All of them had ventricular arrhythmias
and one died. Thirty-two patients had no ventricular
arrhythmias, 16 of them had normal conduction, and
16 had conduction disturbances.

EXERCISE TEST
Exercise testing was done on 38 unselected patients.
Table 7 correlates the ventricular arrhythmias accord-
ing to the Antman criteria with the conduction pat-
tern on the 12 lead electrocardiogram. Fig. 3 com-

pares the higest grade of ventricular arrhythmia found
on exercise with that on continuous 24 hour monitor-
ing in the 31 patients who had both tests.

Sixteen patients had ventricular arrhythmias during
or immediately after exercise, five of them grade 3 or

4b

-LI4a - Q

2

3o
a

.r
L- 2-

o

0

0 0

0

cO

0 0

1 2 3 4a 4b
Ventricular arrhythrnia (grde)-routine ECG

Fig. 2 Ventricular arrhythmia-24 hour continuous
electrocardiographic monitoring versus routine electrocardiogram.

Table 6 24 hour mbulatoY electrocardiographic monorzg: vencular arrhythmia (grade) vs conducton

Grade Conduction

Normal RBBB LAD+ LAD+ 1 AV PCD CHB Total
RBBB block +RBBB

0 16 7 8 - - 1 32
1 - 3 5 - 1 1 10
2 - - - - 1 - 1

3 - 1 1 1 - - 3
4a - 2 1 - 1 - 4
4b - - 1 - - - 1
Total 16 13 16 1 3 2 51

Abbreviation: PCD, progressive conduction defect.
Other abbreviations as in Fig. 1.
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Table 7 Exercise test: ventricular arrhythmia (grade) vs conduction

Grade Conduction

Normal RBBB. LAD+RBBB LAD+1°AV block CHB Total
+RBBB

0 9 6 6 - 1 22
1 1 2 3 - 1 7
2 - - 3 1 - 4
3 - 2 1 - - 3
4a - - - - - 0
4b - 1 1 - - 2

Total 10 11 14 1 2 38

Abbreviations as in Fig. 1.

I 4a
l

2
3

.E

-CE
9 2-
a

IE 1.

a

0

OR

0

a: 0 0

0 1 2 3 4a 4b
Ventricular arrhythmia (grade)-exercise test

Fig. 3 Ventricular arrhythmia-24 hour continuous
electrocardiographic monitoring versus exercise.

higher. Fifteen of the patients with ventricular
arrhythmia had conduction disturbances as well.

Twenty-two patients had no ventricular arrhyth-
mias on exercise. Nine of them had normal conduc-
tion and 13 had conduction disturbances.

Discussion

Conduction disturbances after surgical closure of ven-
tricular septal defect has been recognised as the most
common complication of this operation.5681011
Right bundle-branch block has been reported to occur
in 31 to 700/o of cases repaired via a ven-
triculotomy,5692021 and left axis deviation in six to
47%6 9 1022 of cases. Sixty-three per cent of our
patients had right bundle-branch block and 22*4%
had left axis deviation on their last available elec-
trocardiogram. If we omit the 10 patients who already
had left axis deviation preoperatively, 17 1% acquired
left axis deviation as a result of operation. We had 9
patients who developed left axis deviation one to 10

years after operation. Five (55 *6%) of these patients
with progressive conduction defect died, compared
with the four late deaths (15*3%) in the group of 26
patients who already had left axis deviation postopera-
tively. To our knowledge this has not been reported
previously. Quattlebaum et al.22 state that 56% of
their patients who had right bundle-branch block and
left axis deviation developed the left axis deviation one
to seven years after correction of tetralogy of Fallot,
but they do not correlate this with sudden late death.

Concern about the possible late development of
complete heart block in patients with left axis devia-
tion and right bundle-branch block has been expres-
sed.5 6"1 Downing et al. I0 believe that this combina-
tion does not carry a bad prognosis in children but
contend that the ultimate prognosis is undetermined.
Wolff et al.24 and Godman et al. I I found a high per-
centage of patients developing late complete heart
block had this combination previously. Godman sug-
gests that the patients most likely to develop late
complete heart block are those who have transient
complete heart block postoperatively and who have
left axis deviation and right bundle-branch block on
return to sinus rhythm.
Our study lends some support to this view. Three

of our patients developed late complete heart block.
Two of them had transient complete heart block post-
operatively and were left with left axis deviation and
right bundle-branch block. The remaining patient
had normal conduction and developed complete heart
block 15 years after operation. Complete heart block
is relatively common after operation268922 but is
usually a transient phenomenon.2 8 22
A high mortality rate of up to 57% has been

reported for patients with permanent complete heart
block.2 Fourteen of our patients had transient com-
plete heart block postoperatively, with three deaths
(21%). Five patients had postoperative complete heart
block that persisted, two (40%) of whom died. There
were 20 patients, including the patient who developed
complete heart block for the first time 15 years after
operation, who had complete heart block at some

312 Blake, Chung, Wesky, Hallidie-Smith
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stage, with five late deaths (25%).
In the light of our findings, late sudden death in

patients with transient or permanent complete heart
block after surgical repair of ventricular septal defect
should not be unexpected. Implantation ofpermanent
pacemaker should be considered in all cases.
Much has been written about the cause of the vari-

ous conduction defects of surgical closure of ventricu-
lar septal defect5 6 10 20 21 23 25-27. It has been ascribed
to the ventriculotomy,5 25 26 to direct trauma to the
conducting tissue by the placement of sutures around
the defect,62127 or to the resection of infundibular
muscle in cases where this is required.28 Our study
does not throw new light on this problem, but we tend
to agree with Okoroma et al.20 and Downing et al. I0
that all these mechanisms can produce conduction
disturbances in their own right.
James et al.29 and Rosing et al.30 considered ven-

tricular arrhythmias to be a more important cause of
sudden death than complete heart block after correc-
tion of tetralogy of Fallot. Our findings strongly sup-
port those of Wolff et al.24 and Quattlebaum et al.22
who found a significant association between ventricu-
lar arrhythmias, conduction defects, and sudden
death during the long-term follow-up after surgical
correction of tetralogy of Fallot.
On routine electrocardiograms, 39 (20.8%) had

ventricular arrhythmias of all grades during the
follow-up period. Eleven of these (28%) died, 10 of
them having grade 3-4b ventricular arrhythmias.

There was also a striking correlation between con-
duction defects and ventricular arrhythmias
(p<0.003). Of the 52 patients with normal conduction
during the follow-up period, four (7.7%) had ven-
tricular arrhythmias of all grades, while 26% of the
135 patients who had any form of conduction distur-
bance had ventricular arrhythmias detected on their
routine electrocardiograms. Of the patients with
progressive conduction defects, 66% had ventricular
arrhythmias.
On continuous 24 hour monitoring not one of the

14 patients with normal conduction had any ventricu-
lar arrhythmias, while 53% of the patients with con-
duction defects had ventricular arrhythmias during
the 24 hour period of monitoring. This is statistically
significant (p<0-001). The overall incidence of ven-
tricular arrhythmias detected on continuous 24 hour
monitoring was 37-3%. Deanfield et al.,31 reporting a
similar study on postoperative tetralogy of Fallot,
found that 80% of patients with progressive conduc-
tion defects had ventricular arrhythmias. We could
only monitor three patients with progressive conduc-
tion defects, and it is of interest that they all had
ventricular arrhythmias and that one of these has
since died, but the numbers involved are too small to
make any firm conclusions.

On exercise testing only one of 10 patients (10%)
with normal conduction had ventricular arrhythmias,
while 15 of the 28 patients (53.6%) with conduction
defects had ventricular arrhythmias (p<0 02). In all,
39-5% of patients had ventricular arrhythmias on
exercise. The incidence of ventricular arrhythmias
found in our patients with continuous 24 hour
monitoring and exercise testing is considerably grea-
ter than that found in similar studies of comparable
subjects without heart disease.32 This significant
association of ventricular arrhythmias with conduc-
tion disturbances, particularly with progressive con-
duction defects, suggests that the same mechanism is
responsible for both. Deanfield et al.3' speculated
that this may be the result of granulomata induced by
suturing. Wolff et al.24 suggested that the develop-
ment of complete heart block with bradycardia makes
the heart more vulnerable to ventricular arrhythmias.
Our study does not support this, as none of our
patients who had ventricular arrhythmias detected by
any of the three methods used had complete heart
block at the time that their ventricular arrhythmias
occurred, though this may have been the terminal
factor in some of our patients who died late.

In the individual patient, there was not a good cor-
relation of the grade of ventricular ectopic activity
detected by the three methods we used. All three
methods adjunctively disclosed more ventricular
ectopy than any method alone.

Although the prognostic value of ventricular
arrhythmias detected with continuous 24 hour elec-
trocardiographic monitoring and exercise testing
remains to be determined, two of the patients with
grade 4a ventricular arrhythmia on continuous 24
hour monitoring have since died, one of them unex-
pectedly. These two patients did not have an exercise
test, but both had grade 4a ventricular arrhythmia on
their routine electrocardiograms.
The association of ventricular septal defect and aor-

tic regurgitation is well recognised, with a reported
incidence of 3 to 7%. 3 Postoperative aortic regur-
gitation worsened the prognosis considerably, with
seven late deaths in 23 cases. In common with other
workers we found an increased risk of infective
endocarditis in patients with residual aortic regurgita-
tion. Four of the five expected deaths with aortic re-
gurgitation had had infective endocarditis during the
follow-up period. Other workers have found that, in
the majority of patients with residual aortic regurgita-
tion, the regurgitation remains stable after operation.34
In 15 of our 23 patients with postoperative aortic re-
gurgitation, the regurgitation was mild and remained
stable. Five of the eight patients in whom the aortic
regurgitation was progressive had infective endocar-
ditis contributing to this progression.

Finally, it should be noted that great improvement
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in surgical technique and myocardial protection dur-
ing operation has occurred in recent years. Since all
our late deaths were operated on before 1%8 similar
series in future should yield better results.

Conclusions

There is a significant incidence of unexpected sudden
death up to 21 years after surgical closure of ventricu-
lar septal defect and a high percentage of patients
develop conduction disturbances after operation.
Especially important are those who develop left axis
deviation during the follow-up period, as they have a
high mortality rate. Complete heart block during the
follow-up period has a grave prognosis. Ventricular
arrhythmias are common during the follow-up period.
they occur significantly more frequently in patients
with conduction disturbances, and grades 3 to 4b par-
ticularly are reliable predictors of late death. The
death in two patients as a result of ventricular fibrilla-
tion during anaesthesia for minor surgery suggests
that anaesthesia after repair of ventricular septal
defect should be given only in centres where full and
immediate resuscitative facilities are available. The
prognostic value of exercise testing and 24 hour
ambulatory electrocardiographic monitoring has not
been established after closure of ventricular septal
defect, but, in view of the importance of ventricular
arrhythmias, we strongly advocate that these tests
should be done serially on all patients.

It remains to be proved that treatment of ventricu-
lar arrhythmias will prevent sudden death, but the
evidence suggests that preventative treatment should
be arranged, especially in those patients who have
been shown to be particularly vulnerable to these
arrhythmias.
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