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Eight years' experience with intracardiac repair of
tetralogy of Fallot
Early and late results in 175 consecutive patients
DAVID I HAMILTON, GIUSEPPE DI EUSANIO,*t GIAN PIERO PICCOLI,*t
DAVID F DICKINSON

From the Cardiothoracic Surgical Unit, Royal Liverpool Children's Hospital, Liverpool

SUMMARY The early and late results of intracardiac repair of 175 cases of tetralogy of Fallot during
the period 1969 to 76 are reviewed. Overall hospital mortality was 8%, with a 5% mortality in patients
over 2 years ofage. Late mortality was 1%. Both early and late mortality and morbidity were related to
the right ventricular to left ventricular peak systolic pressure ratio measured at the end of the
operation. During the eight year period, a fall in mortality from 37 to 15% was recorded in patients less
than 2 years of age. As a result of the experience gained during this period, we have now adopted a
more active policy towards reconstruction of the right ventricular outflow tract while remaining aware
of the potential problems of pulmonary regurgitation.

Surgical correction of tetralogy of Fallot was first per-
formed in 1954' and is now a well-established surgical
procedure. In spite of 25 years' experience of the
surgical management of this condition, there are still
considerable differences in practice, particularly with
regard to the treatment of the symptomatic infant and
the frequency with which the pulmonary annulus is
divided. We have reviewed the results achieved during
an eight year period at the Royal Liverpool Children's
Hospital in an attempt to identify the factors associated,
in our own practice, with early and late mortality and
with poor haemodynamic results.

Patients and methods

Between February 1969 and December 1976, 175 (106
male and 69 female) consecutive patients with tetralogy
of Fallot underwent surgical correction at the Royal
Liverpool Children's Hospital, the definition of this
diagnosis being anterior and rightward deviation of the
infundibular septum, narrowingofthe right ventricular
outflow tract, and a subaortic ventricular septal
defect.2-4 Within this group we included patients in
whom the aorta was overriding the right ventricle by
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more than 50% but less than 90%5 but in whom the
right ventricular outflow tract morphology was entirely
characteristic of tetralogy of Fallot. Patients with ven-
tricular septal defect and congenital or acquired pul-
monary atresia were excluded from this review. The
ages of the patients ranged from 5 months to 18 years
(mean 5-8 years) and the age distribution is shown in
Fig. 1. Clinically detectable cyanosis was present in all
except three patients, but these, aged 5 years, 8 years,
and 9 years, had characteristic tetralogy anatomy and
small right-to-left shunts at preoperative catheterisa-
tion, with arterial oxygen saturations of 89, 92, and
90%, respectively. Isolated infundibular obstruction
was found in 70 patients (40%), infundibular and val-
vular obstruction in 94 (54%), and hypoplasia of the
main pulmonary artery with different degrees of nar-
rowing of its two branches, as defined by Hawe et al.,6
in 11 (6%). A previous palliative operation had been
performed in 38 patients (22%) and the typeof palliation
used is shown in Table 1.

SURGICAL PROCEDURE
Perfusion (core) cooling with profound hypothermia
and circulatory arrest was used in all infants under 1
year ofage and in four cases between 1 and 2 years. This
technique has been described previously.7 Conven-
tional cardiopulmonary bypass with moderate hypo-
thermia (30°C) was used in the remaining cases. Some
patients were cooled to lower temperatures to permit
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reduction in bypass flow rate, or longer periods of
aortic occlusion. During the period under review, myo-
cardial protection using cardioplegic solutions was not
used in this unit.
The anatomy of the right ventricular outflow tract

was assessed through a right ventriculotomy which was
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Fig. 1 Age distribution ofpatients and related hospital
mortality.

Table 1 Hospital mortality in patients with and without
previous shunt

No. of Deaths %
patients

Total 175 14 8
Without previous shunt 137 10 7
With previous shunt 38 4 1 1

Blalock-Taussig (24) (1)
Waterston (9) (1)
Potts (1)
Muiltiple (4) (2)

Table 2 Methods ofright ventricular outflow tract (RVOT)
reconstruction employed

No. of % Deaths
patients

Isolated infundibulectomy 65 37 5
Isolated infundibulectomy

plus infundibular gusset 6 4 1
Infundibulectomy plus valvotomy 86 49 3
RVOT reconstruction 18 10 5

Gusset across PVR 10
Homograft monocusp 4
Valved conduit 4

Total 175 100 14

PVR=pulmonary valve ring.

made in all cases. The decision as to whether to divide
or to preserve the pulmonary valve annulus was made
at the time of surgery on the basis of this assessment
and in particular on the size of the right ventricular
outflow tract and pulmonary artery. During this period,
in contrast to our more recent practice, we did not
make significant use ofmeasurement ofthe components
of the right ventricular outflow tract with Hegar's
dilators, and had a bias towards preserving the pul-
monary valve ring wherever possible. In the early years
we accepted a ratio ofright ventricular to-left ventricular
(RV/LV) systolic peak pressure greater than 0.8 at the
end of cardiopulmonary bypass provided a satisfactory
cardiac output was maintained. Later, however, a
RV/LV systolic peak pressure ratio greater than 0 8
was viewed as an indication for a transannular repair
during a second period of cardiopulmonary bypass.

Isolated infundibular resection was performed in 71
patients (41%) and in six ofthis group the infundibulum
was enlarged using a pericardial gusset extending up to,
but not crossing, the pulmonary valve ring. Infundi-
bular resection combined with pulmonary valvotomy
was performed in 86 cases (49%) and a more radical
approach was used in the remaining 18 patients (10%),
in 10 of whom a transannular gusset of dacron or
pericardium was inserted. In the others, where a large
gusset would have been necessary, an aortic homograft
monocusp (four cases) or an inlaid valve bearing
conduit (four cases) was preferred in order to limit the
degree of residual pulmonary regurgitation. Table 2
summarises the mortality associated with each type of
right ventricular outflow tract repair.

In all cases, the ventricular septal defect was closed
using a dacron patch. Functioning systemic to pul-
monary artery anastomoses were closed before intra-
cardiac repair. Two of the nine patients with a
Waterston's anastomosis required reconstruction ofthe
right pulmonary artery with a pericardial patch and one
resection and end to end anastomosis of a stenotic area
of the right pulmonary artery; in the remaining six
closure by direct suture was possible.

Results

HOSPITAL MORTALITY
The overall hospital mortality was 8% (14 patients) and
was highest in patients under 2 years of age (26%).
Within this age group, the mortality fell from 37% in
the first four year period to 15% in the second period.
The mortality between 3 and 18 years of age was 5%
(Fig. 1). The causes of death are listed in Table 3. Four
of these deaths occurred in the group of 38 cases who
had had a systemic to pulmonary artery anastomosis
before correction, but none was attributable to difficulty
in taking down the shunt. Five early deaths occurred in
the group of 14 patients requiring reconstruction of the
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Table 3 Causes ofhospital and late death

Case Age Cause ofdeath Time (d)
no. Oy) (postop)

Hospital 1 5/12 Myocarditis 21
2 7/12 Low cardiac output 1
3 7/12 CHB (pacing failure) 11
4 10/12 Low cardiac output; cerebral damage 15
5 13/12 Pulmonary lymphangiectasia 41
6 1-5 Low cardiac output 37
7 3 CHB, cardiac failure 18
8 3-6 Severe hypoplasia puim. arteries DOT
9 4 Low cardiac output 2
10* 5 Haemorrhagefromoesophagealvarices 9
11 7 Cardiac arrest (SVC thrombosis) 4h
12 7-5 Bleeding- low output state 1
13 8 Brain damage (air embolism?) 37
14 11 5 Low cardiac output- renal failure 4

Late 1 8 Sudden death (arrhythmia) 9 mths
2 6 Pulmonary vascular disease 4 mths

CHB, complete heart block; SVC, superior vena cava; DOT, death on
the operating table.
*Case 10 had portal hypertension after mesenteric vein thrombosis in
infancy.

right ventricular outflow tract using a transvalvular
gusset or an aortic homograft monocusp. Four of these
five deaths occurred in patients in whom the post-
operative RV/LV peak systolic pressure ratio was
greater than 0-6.

INTRAOPERATIVE HAEMODYNAMIC RESULTS AND
RECONSTRUCTION OF RIGHT VENTRICULAR
OUTFLOW TRACT
The patients were divided into three groups on the
basis of the RV/LV systolic peak pressure ratio at the
conclusion of the operation. This was recorded in 162
patients.

35 Isolated infundibulor obstruction
Infundibular and valvular obstruction

30 Intundibular obstruction and
hypoplastic main pulmonary artery
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Fig. 2 Anatomy ofthe right ventricular outflow tract and right
ventricular-left ventricular systolic peak pressure ratio (RV/LV
sppr) recorded in 162 patients at the end ofoperation.
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Fig. 3 Incidence ofreconstruction ofthe right ventricular
outflow tract and right ventricular-left ventricular systolic peak
pressure ratio (RV/LVsppr) recorded in 162 patients at the end of
operation.

Group I
The RV/LV systolic peak pressure ratio was below 0-5
in 33 patients (20%), of whom 28 (85%) had isolated
infundibular obstruction and 5 (15%) associated pul-
monary valve stenosis. A transannular gusset was not
used in any patient in this group. The post-repair right
ventricular outflow gradient was less than 50 mmHg in
all. One early death occurred in this group.

Group 2
The RV/LV systolic peak pressure ratio was between
0-5 and 0 8 in 80 patients (49%), ofwhom 29 (36%) had
isolated infundibular obstruction, 45 (56%) associated
pulmonary valvular stenosis, and 6 (7'5%) diffuse
hypoplasia of the right ventricular outflow tract. A
transannular gusset to relieve the right ventricular
outflow tract obstruction was used in 10 cases (12 5%).
The post-repair right ventricular pulmonary artery
gradient was less than 50 mmHg in 92 5% (74 cases).
Five early deaths occurred in this group.

Group 3
The RV/LV systolic peak pressure ratio was more than
0-8 in the remaining 49 patients (30%), ofwhom seven
(14%) had isolated infundibular obstruction, 37 (76%)
associated pulmonary valvular stenosis, and 5 (10%)
diffuse hypoplasia ofthe right ventricular outflow tract.
At operation, the pulmonary valve annulus was
transected in eight cases (16%). The post-repair outflow
gradient was over 50 mmHg in 49% of cases. Six early
deaths occurred in this group.
The anatomy and method of reconstruction of the

right ventricular outflow tract in relation to the RV/LV
systolic peak pressure ratio in these 162 patients are
illustrated in Fig. 2 and 3.
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LATE RESULTS
Follow-up
Two patients died, four months and nine months after
the operation (late mortality= 1%). The causes ofdeath
are shown in Table 3. The 159 (91%) long-term sur-
vivors have been regularly reviewed in the out-patient
clinic of the Royal Liverpool Children's Hospital over
the period between February 1969 and June 1979. The
minimum follow-up was 30 months and the mean 6-8
years. One hundred and thirty-three patients were
asymptomatic and were regarded by their parents as
having an exercise tolerance appropriate to their age.
Twenty-six had residual symptoms. Right bundle-
branch block was present in 80% of cases, left anterior
hemiblock in 12%, and complete heart block in three
children, two ofwhom required permanent pacing.
Of the 32 survivors in whom the RV/LV systolic

peak pressure ratio recorded at the end of operation
was less than 0-5, 30 (94%) were asymptomatic. Two
patients were in NYHA Class II, one because of a
residual ventricular septal defect with grade I tricuspid
regurgitation and the other because of a right ven-
tricular outflow tract aneurysm. Both underwent re-
operation with good results. In the group of75 children
with post-repair RV/LV systolic peak pressure ratios
between 0 5 and 0 8, 64 (85%) were asymptomatic and
11 (15%) were in NYHA Class II. Six patients of the
latter were reinvestigated because of the suspicion of
significant residual defects. In three, residual right
ventricular outflow tract obstruction was present with
peak right ventricular to main pulmonary artery
gradients over 70 mmHg, in another case residual
obstruction was found at the origin of both pulmonary
artery branches, while in the remaining two patients a
left-to-right shunt was discovered, at atrial level in one
patient and at ventricular level in theother. Reoperation
has been performed in three ofthese patients so far and
all improved subsequently. The remaining three are
awaiting reoperation. Reinvestigation has not yet been
performed in the remaining five cases whose symptoms
are mild. Clinically, three ofthem have evidenceofright
ventricular outflow tract obstruction, a fourth has a
right ventricular outflow tract aneurysm, and the last
has pulmonary regurgitation.

In the third group of 43 patients with a RV/LV
systolic peak pressure ratio measured at the end of
repair of greater than 0O8, there were two late deaths
(Table 3), one sudden, presumably caused by an

arrhythmia, and one from pulmonary vascular disease
after an earlier aorta-pulmonary artery shunt. The
clinical follow-up of the 41 survivors showed that 28
(68%) were asymptomatic and 13 (32%) had persistent
symptoms, ofwhom 10 were inNYHA Class II, two in
class III, and one in class IV. The main causes of
symptoms were persistent right ventricular outflow
tract obstruction in nine cases, residual interventricular

shunt in three, and aneurysm of the right ventricular
outflow tract in one. Reoperation was performed in
five, without mortality. The other eight are awaiting
reoperation. Table 4 summarises early and late results
related to RV/LV systolic peak pressure ratios.

Late haemodynamic results
Thirty-six patients have been reinvestigated. The in-
dications included the persistence of symptoms,
cardiomegaly, the presence of congestive heart failure,
and clinical evidence of a residual shunt or residual
right ventricular outflow tract obstruction.

In 10 cases the right ventricularoutflow tract gradient
had increased by over 30 mmHg from the level noted at
operation. This was related to residual valvular obstruc-
tion in seven instances, infundibular and valvular
obstruction in two patients, and infundibular, valvular,
and branch stenosis in one. An associated residual
ventricular septal defect was present in three of these
patients. The right ventricle to main pulmonary artery
peak systolic gradient had decreased significantly in
three cases. In two of these patients, the right ventri-
cular pressure had decreased but in the third case,
significant pulmonary hypertension was present,
probably related to a previous Waterston anastomosis.
In the remaining 23 cases, no significant changes in
right ventricular to main pulmonary artery peak systolic
gradient were found (±25 mmHg) (Fig. 4). The early
postoperative RV/LV systolic peak pressure ratio was
between 0-4 and 0-8 in 15 of the patients who were
restudied. This value was found to have increased to
above 0 8 at the time ofrecatheterisation in five patients
(Fig. 5). An increase in the right ventricle to main
pulmonary artery peak systolic gradient was the cause
in four, associated in one with a small residual ven-
tricular septal defect. An isolated residual ventricular
septal defect (Qp/Qs=3 1) was present in the fifth
patient. In the other 10 cases this ratio remained below
0-8. In four of these patients, a residual ventricular
septal defect (Qp/Qs=2 5/ 1) was diagnosed, associated
in one case with a right ventricle to main pulmonary
artery peak systolic gradient of 100 mmHg. The early
postoperative RV/LV systolic peak pressure ratio was
greater than 0 8 in 21 patients who underwent a second
cardiac catheterisation. This value was found to have
increased at the restudy in five patients. A residual
right ventricular outflow tract gradient of over 60
mmHg was present in all 21 patients. In addition, four
of these patients had aneurysmal dilatation of the right
ventricular outflow tract and three had a residual inter-
ventricular shunt.

Discussion

The period 1969 to 1976 was one in which the surgical
management of tetralogy of Fallot was the subject of
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Fig. 4 Right ventricle-pulmonary artery gradient recorded at the Fig. 5 RV/LVsystolic peak pressure ratio (sppr) recorded at the
end ofoperation and at reinvestigation in 36 cases. end ofoperation and at reinvestigation in 36 cases.

considerable discussion. In particular, the precise in-
dications for a transannular right ventricular outflow
tract patch and the proportion ofpatients likely to need
such a patch provided the focus for a number of
important publications.8-'4 Similarly, the desirability
of primary repair in symptomatic infants as compared
with the alternative policy of palliation followed by
secondary repair at a later age was, and still remains, a
controversial issue. 13-22
The frequency with which a transannular patch has

been used to repair the right ventricular outflow tract in
Fallot's tetralogy has varied considerably in different
series. -I023-25 Following the example of Gotsman et
al,8 in the early years of our experience the pulmonary
valve ring was preserved whenever possible in order to
minimise pulmonary regurgitation. This policy is
reflected in the low frequency (11%) with which the
pulmonary annulus was divided. An acceptable early
mortality was achieved, but more recently the relation
between both early and late mortality and a high
residual right ventricular pressure has been shown by a

number of authors.2627 Our results endorse these
findings, since both early and late mortality and the

frequency of symptoms were highest in those patients
in whom the RV/LV peak systolic pressure ratio at the
end ofoperation was greater than 0 8 (Table 4). A more
aggressive approach to right ventricular outflow tract
reconstruction in tetralogy of Fallot has been shown to
result in a satisfactorily low incidence of significant
right ventricular outflow tract obstruction'0222829 but
inevitably results in a greater incidence of pulmonary
regurgitation. The influence of pulmonary regurgita-
tion on early postoperative mortality is difficult to assess
because of the interaction of additional factors but a
higher mortality has been suggested,30 particularly
when the relief of right ventricular obstruction is
incomplete. Incomplete relief of right ventricular
outflow tract obstruction in the presence of pulmonary
regurgitation was almost certainly a factor in the deaths
offive ofour patients inwhom a transannular patch was
used, since the RV/LV peak systolic pressure ratio was
greater than 0-6 in these patients. In the longer term
there is evidence to suggest that postoperative pul-
monary regurgitation in these patients is well tolerated
except in the presence of other significant defects.30 31
Nevertheless, the volume loading of the right ventricle
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in patients in whom a transannular patch is used is
significantly greater than in patients who undergo in-
fundibulectomy and valvotomy alone32 and the long-
term effect on right ventricular function remains a

cause for concern.

The relatively conservative policy pursued during
the period of this review has resulted in an un-

acceptably high incidence of significant residual right
ventricular outflow tract obstruction associated with
both a higher mortality and the need for reoperation in
many of the survivors. As a result of this experience,
our policy regarding transannular patching has been
modified. In recent years, work done in the University
of Alabama'2 14 18 has enabled surgeons to predict the
postoperative RV/LV peak systolic pressure ratio from
both intraoperative measurement ofthe narrowest point
in the pulmonary arterial outflow tract'2 and from the
preoperative right ventricular cineangiogram. 4 A
transannular patch or valve conduit can then be placed
when the predicted ratio exceeds acceptable levels.
Since 1977, we have followed a policy of intraoperative
measurement of the right ventricular outflow tract
components using Hegar's dilators, dividing the pul-
monary annulus whenever a postoperative RV/LV peak
systolic pressure ratio greater than 0-8 is predicted.
The early results of this change in policy have been
encouraging, particularly in the younger patients
(unpublished observations). Because of our continuing
concern for the long-term consequences of free pul-
monary regurgitation, our currently preferred material
for a transannular gusset is a fresh antibiotic sterilised
aortic homograft monocusp or an inlaid aortic root
homograft.33
The hospital mortality in this series of8% overall and

5% in patients over 2 years ofage compares satisfactorily
with that of other published series.8 18222628 The
mortality in patients under 2 years ofage, however, was
26% and since these patients were selected for correc-
tion on the basis of apparently favourable anatomy, we
have not been encouraged to attempt primary correc-

tion in all symptomatic infants, irrespective of age and
weight. This has been advocated by a number ofauthors

who have been able to show both a relatively low early
mortality and good postoperative haemodynamics in
this group of patients. 3 15 16 19 22 Others have reviewed
their recent experience with early palliation and later
secondary repair and have compared their cumulative
mortality with the average mortality for primary intra-
cardiac repair in a number of other units.202' On the
basis of their findings, they have concluded that a

preliminary Blalock-Taussig anastomosis was the
preferred management for symptomatic infants with
unfavourable anatomy or associated lesions. After
reviewing the results of their policy ofprimary repair at
all ages since 1972, Kirklin et al. 8 concluded that when
a transannular patch was necessary in infants with
a body surface area of less than 0 48m2, a two
stage approach was advisable. In the recent series
reported by Murphy et al.,22 however, the use of
a transannular patch in infants did not affect the
early mortality adversely and the most advantageous
policy for this group of patients at present remains
unsettled.

Palliative surgery can be performed in young infants
with a low mortality.2' Secondary repair in many
series' 20 carries a mortality not significantly higher
than primary repair in a group ofpatients ofcomparable
age. Furthermore, early palliative surgery has been
shown to be followed by further growth of the pul-
monary annulus in some patients.34 In the light of these
findings and of our own experience, we are continuing
to pursue a selective policy towards primary repair of
tetralogy of Fallot in infancy, reserving correction for
those patients with favourable anatomy. In this respect,
the need for a transannular patch is not regarded as a

contraindication to correction, but in patients of low
body weight (less than 5 kg) or with small peripheral
pulmonary arteries, palliation would be the preferred
choice of treatment. Following this policy, there has
been no mortality in 17 patients under 2 years of age
operated on since 1977. The results ofrepair oftetralogy
of Fallot during the period 1977 to 1980 are currently
under review and will be the subject of a subsequent
report.

Table 4 Summary ofearly and late results according to right and left ventricular (RV/LV) systolic peak pressure ratio (sppr) recorded
at end ofoperation in 162 cases. Two deaths occurred in patients in whom the RV/LV sppr was not recorded

No. of Hospital Late Survivors Asymptomatic Symptomatic Need
patients deaths deaths reoperation

RV/LV sppr <0-5 33 (20%) 1 (3%) 0 32 30 (94%) 2 (6%) 2 (6%)
(outflow gradient < 50 mmHg in all cases)
RV/LVspprbetweenO-5-0-8 80(49%) 5 (6%) 0 75 64(85%) 11(15%) 6 (8%)
(outflow gradient >50 mmHg in 6 cases-7 5%)
RV/LV sppr ofmore than 0-8 49 (30%) 6 (12%) 2 (4%) 41 28 (68%) 13 (32%) 10 (24%)
(outflow gradient >50 mmHg in 24 cases- 49%)

Total 162 12 (7%) 2 (2%) 148 122(82%) 26(18%) 18(12%)
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