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Intermediate to late term results of Mustard's
procedure for complete transposition of the great

arteries with an intact ventricular septum
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SUMMARY Overall survival after Mustard's operation was assessed in 130 patients with complete
transposition of the great arteries and an intact ventricular septum who were operated on at the
Brompton Hospital in the 12 year period from January 1974 to December 1985. Actuarial analysis
showed a survival at five years of 79- 1% (25 deaths in 130 patients). Halfthe deaths occurred within
a month ofoperation and halfup to five years later. Operation under the age ofthree months carried
a greater mortality (six deaths in 11 patients). Statistical analysis showed that these survival figures
were consistent throughout the series and did not alter with the year of operation.

In the light ofrecent trends in treatment ofthis lesion, it is concluded that for neonates an arterial
switch procedure is now likely to carry the best chance of long term success. For the patient who
presents after the age of three months, however, there may still be a place for the Mustard
procedure.

Debate continues about the optimal surgical treat-
ment for complete transposition of the great arteries
with an intact ventricular septum. In many centres
atrial redirection procedures (Senning or Mustard
operation) have an acceptably low mortality.''3 The
complications of these operations can be minimised
by careful attention to operative detail.45 In contrast,
the operative mortality of the more recently
introduced arterial switch procedure (which
produces a more anatomically correct repair) was
higher in the early reported series. It has now,
however, been demonstrated that the overall results
of the arterial approach can match or even surpass
those of atrial redirection.6
When assessing the merits of these two procedures

we must consider both their short term and long term
outcome. Such analysis is possible for the atrial
redirection procedure, but long term analysis is not
as yet possible for the arterial switch procedure. To
provide information on atrial redirection we have
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studied the immediate to late results of the Mustard
operation by examining the records of 130 patients
with complete transposition of the great arteries and
an intact ventricular septum who were operated on
by one surgeon at the Brompton Hospital over a 12
year period.

Patients and methods

Between January 1974 and December 1985, 136
patients born in Great Britain and attending the
Brompton Hospital had a Mustard operation for
complete transposition of the great arteries (concor-
dant atrioventricular and discordant ventriculoar-
terial connections) with intact (or virtually intact)
ventricular septation (any ventricular septal defect
present was considered to be too small to warrant
closure). All the patients with this abnormality who
were referred to our hospital during this period were
routinely followed up as outpatients at the Brompton
Hospital, at Our Lady Hospital for Sick Children,
Dublin, or at their referring hospital. Letters indicat-
ing the progress and health ofthe patient were sent to
the consultants at the Brompton Hospital if the child
was not followed up there. The notes of 130 of these
patients were examined retrospectively. Six sets of
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notes could not be traced because of loss. Follow up
in the studied patients was complete.
We recorded the age and sex ofthe patient, the year

of operation, the source of referral (United Kingdom
or Ireland), the cardiopulmonary bypass technique,
whether or not profound hypothermia was used with
circulatory arrest, the type of atrial baffle, the
presence of either preoperative or postoperative
rhythm problems or both, the presence of associated
abnormalities, and the need for reoperation.
The quality of life was not assessed because this

was considered inappropriate in a retrospective
study. We are currently assessing this aspect by
prospective objective (including formal exercise test-
ing) and subjective tests.
Ninety patients were referred from hospitals in the

United Kingdom and 40 from centres in Ireland.
The age range was 3 days to 9 years 8 months with a

mean age of 1 year 5 months. There were 97 boys and
33 girls. Circulatory arrest was used in 48 children
during their operation while 82 had cardiopulmonary
bypass. The baffle was made of dura mater in 24
cases, ofDacron in 68 cases, ofbovine pericardium in
23, and ofTeflon in one. In 14 cases, the type of baffle
material used was not recorded in the notes.
Twenty four children had persistent patency ofthe

arterial duct, 17 had left ventricular outflow trace
obstruction of various types, nine had haemodyn-
amically insignificant defects of the ventricular sep-

tum (which were not closed at surgery), two had
aortic coarctation, and one patient had stenosis of the
pulmonary valve.
The data were analysed and survival curves were

plotted by actuarial methods.7 The survival curves

were compared and prognostic factors were

examined by the log rank test8 and Cox9 models.

Results

Table 1 shows the age of operation and cumulative
mortality for the 130 patients onwhom follow up data
were available. Twenty five (19%) ofthe 130 patients
died. The death rate was significantly higher in

Table 1 Mortality related to age at operation*

Deaths
Age at No of Overall
operation patients Early Late (0o)

0-3months 11 5 1 55
3 months-1 year 43 1 6 16
1-2 years 51 6 3 18
2-5 years 22 1 2 14
5-10 years 3 0 0 0

Total 130 13 12 19

*Later in the series younger patients will have shorter periods of
follow up.
"Early" death refers to those within 30 days of operation.

children aged less than three months at the time of
operation (fig 1 and 2). Analysis of the other variables
and possible risk factors listed in the methods section
showed that no other feature was significantly
associated with length of survival. Trends were

demonstrated with some variables but for the num-
bers of patients analysed none of the observed trends
was statistically significant.

Six of the 24 children with a patent arterial duct
died. Three ofthe 17 children with obstruction ofthe
left ventricular outflow tract also died, although the
gradients in these three were not significantly greater
than the values for this overall subset. All those with
an associated but haemodynamically insignificant
ventricular septal defect, coarctation, or pulmonary
valve stenosis survived operation. Thirteen patients

had a second operation because of obstruction of the
superior caval vein in five, pulmonary venous obs-
truction in four, inferior caval venous obstruction in
three, and dehiscence of the patch around the suture

line in the other. Four of these children died; three
had been operated on because of presumed pulmon-
ary venous obstruction. Two of these children were

shown not to have pulmonary venous obstruction. In
both the high pulmonary arterial pressure measured
preoperatively reflected pulmonary vascular disease
rather than obstruction. The distinction between the
two conditions at catheterisation rests on the pul-
monary arterial wedge pressure. This should be low
in the setting ofpulmonary vascular disease whereas,
with venous obstruction, the pressure is high. Unfor-
tunately, it is difficult to obtain true wedge (that is,
pulmonary venous atrial) pressures in patients with
pulmonary vascular disease. Because of this, a recor-

ded high wedge pressure may not distinguish bet-
ween pulmonary vascular disease and obstruction.
The fourth death occurred in the perioperative
period in a child who had thrombosis of the superior
vena cava (see table 2).

Table 3 shows the time after the first operation
until death. Half the group died within a month of
operation and half more than one month after
operation-deaths occurred up to five years after

Table 2 Reasons for reoperation and results of reoperation

Indication for No of
reoperation patients Deaths Cause of death

SCV obstruction 5 1 Thrombosis in
sGv

Pulmonary venous 4 3 Pulmonary
obstruction vascular

disease in two
ICV obstruction 3 -

Patch dehiscence 1 -

Total 13 4

SCV, superior caval vein (vena cava); ICV, inferior caval vein
(vena cava).
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Fig 1 Actuarial survival curve for the overall population. The stippled area shows the 70% confidence interval.
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Table 3 Time until death afterfirst operation

Age at operation 48 h 2 days-I mnth I mnth-1 yr 1-2yr > 2yr Total

3 mnth 4 1 - - 1* 6
3 mnth-12mnth 1 - 2 2* 2 7
12 mnth-24 mnth 2 4* 1 - 2 9
2-5 yr 1 - 1 - 1 3
Total 8 5 4 2 6 25

*Death caused by pulmonary vascular disease (one child in each case).

operation. Table 4 shows the causes of death (where
they could be determined). Of the 11 children dying
with low cardiac output, seven were known to have
had postoperative arrhythmias. Four children had
nodal rhythm (one of these was also in renal failure),
two had periods of supraventricular tachycardia, and
one was known to have atrial fibrillation. The other
four children were in sinus rhythm. As stated
previously all three children with pulmonary vas-
cular disease died within two and a half years of
operation; in one patient who died the Mustard
procedure had been carried out as early as 11 weeks of
age.

Necropsies on two children showed pulmonary
venous obstruction (one five months and the other
three years after operation). Neither ofthese children
had had a second operation and, hence, are not
included in table 3. Another child died of cerebral
damage within two months of operation. Two chil-
dren died suddenly. Death occurred 10 months after
operation in the first and necropsy showed venous
obstruction of the inferior vena cava. The other child
had been treated for arrhythmias that developed
nearly three years after operation. Electrocar-
diograms showed atrial flutter with 3:1 atrioven-
tricular conduction. Direct current cardioversion
and antiarrhythmic agents were used to control the

Table 4 Cause of death

Known cause of death No Time after operation

Low cardiac output/ 11 10 within 7 days, 1 at 1 mnth
cardiac arrest

Pulmonary vascular disease 3 18-30 mnth
Respiratory infections 3 2-5 yr
Pulmonary venous 2 5 mnth and 3 yr

obstruction
Cerebral damage after 1 2 mnth

operation
Thrombosis in superior 1 1 week

caval vein (vena cava)
Sudden death, obstruction 1 10 mnth
of inferior caval vein
(vena cava)

Sudden death, arrhythmias 1 2 yr 8 rrmth
Gastroenteritis 1 3 mnth
In postoperative period 1

after an oesophageal
operation

Total 25

arrhythmias but the child died suddenly two months
after their onset.

Five children died after operation from causes not
directly attributable to their cardiovascular state.
Three died of respiratory infections between two and
five years after operation. No other cause ofdeath was
known. One child died of gastroenteritis three
months after operation and another died in the
perioperative period after an oesophageal operation
two years after the Mustard operation.

Discussion

There are protagonists for both the atrial"2 and the
arterial610 approaches for management of children
with complete transposition of the great arteries with
an intact ventricular septum. The best results pub-
lished for each operation lend strong support to both
viewpoints. As always, hospital rather than popula-
tion based series raise the question of case selection.
Do the surgical results of the given hospital forecast
that were all the patients in the population with a
particular anomaly to be operated on at that hospital
similar results would be obtained? The surgical
results in any centre will be improved if the sickest
patients do not survive to reach hospital. For this
reason, results for patients treated in one hospital
may not be directly comparable with those in
another. With these caveats in mind, each unit must
try to determine the optimal treatment for complete
transposition and intact ventricular septum on the
basis of its own results, while taking note of results at
other centres. In this study we have attempted to look
critically at our own results for interatrial repair of
complete transposition.
The overall five year actuarial survival was 790o

(70% confidence interval 68% to 87%). Further
analysis indicated that those who were less than three
months old when they were operated on had a
significantly worse five year actuarial survival (4500
(70% confidence interval 21% to 72%)) than those
operated on when they were older (82% (700o
confidence interval 700o to 90o)). In all those who
were less than three months at operation, operation
was not undertaken electively. The indications were
either failure to thrive or else persistently severe
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cyanosis with or without metabolic acidosis. It may
well be that had atrial redirection been performed
electively at an earlier age these results could have
been improved. Against this must be set the results of
oth-er series31' which have shown young age to be a
risk factor for atrial redirection, albeit with the age
cut off at one month rather than three months as in
our series.

Can we now use this data to plan a protocol for the
future management of patients referred to our centre
with complete transposition and intact ventricular
septum? For neonates it is difficult on the basis ofour
experience to counter the excellent results obtained
in selected centres for the arterial switch procedures.6
Bearing in mind the caveats discussed above, and also
the lack of long term follow up for the arterial
procedure (which cannot be overemphasised), it still
seems that the arterial switch procedure will offer a
better chance of long term survival for the neonate
than the Mustard operation. This view is reinforced
by finding that in our own centre 23 (18%) patients
who had balloon atrial septostomy died before
correction of the defect could be attempted.'2
Nevertheless, our experience is limited to the

Mustard variant of complete transposition. It could
well be argued that the Senning operation, which is
said to overcome the problems ofvenous obstruction
and, possibly, rhythm disturbances, could improve
the long term outcome of the redirection procedure.
So far follow up after the Senning operation is also
limited and as yet we see no compelling evidence to
persuade us to change from one to the other atrial
redirection procedure. We believe that for the neon-
ate with complete transposition and intact ven-
t-ricular septum the arterial switch procedure carries
the better chance of success in our centre. Our own
initial results with this approach'3 bear out this
viewpoint, as do those from some other centres.614
But what of the patient re-ferred after the neonatal

period? Such patients continue to reach our wards.
Here the solution is not nearly so clear cut.
Preparative surgery would be required in such
patients to make the arterial procedure a realistic
alternative. The risks of these palliative procedures
have not been analysed in the same depth as those for
the arterial switch performed during the neonatal
period. -In this latter group, therefore, particularly
those above the age of three months, we recommend
the Mustard procedure. More rigorous analysis of
the two stage arterial switch procedures may lead us
to revise our opinion.

It was noteworthy that one child in our study
developed pulmonary vascular disease and died des-
pite having an operation at 11 weeks of age. It is
known that high pulmonary vascular resistance
(above 8 units/M2) greatly increases the risk of

Mustard's operation with intact ventricular septum.
We have not, however, found other published
reports of pulmonary vascular diseases progressing
in children with simple complete transposition who
had the Mustard operation before they were three
months old.'5 The occurrence ofsuch changes in even
one patient in our series strongly supports the trend
for earlier correction promoted by the use of the
arterial switch procedure during the neonatal period.
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study.
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