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Results of systemic-to-pulmonary artery anastomosis
for tricuspid atresia with reduced pulmonary blood
flow
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ABSTRACT Fifty-six patients with tricuspid atresia and decreased pulmonary blood flow
received a systemic-to-pulmonary artery anastomosis as a preliminary operation. Thirty-five
had a Waterston shunt, 12 a Blalock-Taussig anastomosis, and nine various other procedures.
The age at operation ranged from 2 days to 10 years (median 4-5 months). Pulmonary atresia
was present in eight newborn infants.
Four patients (7%), all less than 3 months old, died in hospital from persistent severe hypoxia

despite the palliative procedure. By actuarial methods, 93% of the survivors were alive at and
after one year (longest follow-up: 9-8 years), while 83% had not required further palliation at
and after four years from the first operation. None of the patients subsequently restudied had
raised pulmonary pressure or resistances, and in most of them the pulmonary arterial tree was

deemed adequate for the Fontan operation.

The natural history of patients with tricuspid
atresia and decreased pulmonary blood flow is
extremely poor. Without operation 20% of them
die within the first year of life (Campbell, 1961;
Keith et al, 1967). The creation of a systemic-to-
pulmonary artery anastomosis early in life is there-
fore mandatory in most patients.

After the report by Fontan and Baudet (1971),
the physiological correction of tricuspid atresia has
become a reality, and any palliative operation
should be performed with a view to the subsequent
repair. Having these considerations in mind we
have reviewed our entire experience with palliation
of patients with tricuspid atresia and decreased
pulmonary blood flow.

Patients and methods

Between January 1967 and January 1978 56
patients with tricuspid atresia, decreased pul-
monary blood flow, and normally related great
arteries underwent a systemic-to-pulmonary artery
anastomosis in this department. Cardiac catheteris-
ation and angiography were performed in each
case. Balloon atrial septostomy was carried out

only when a mean interatrial gradient of more
than 3 mmHg was present.
The patients ranged in age from 2 days to 10

years (median age: 45 months). Eight patients,
all less than 1 month of age, also had pulmonary
atresia. An ascending aorta-to-right pulmonary
artery anastomosis was performed in 35 patients,
28 of whom were less than 6 months old. Twelve
patients, all more than 6 months old had a
Blalock-Taussig anastomosis; four had an ascend-
ing aorta-to-main pulmonary artery anastomosis,
three a Potts operation, one a Glenn shunt, and
one a shunt from the ascending aorta to the main
pulmonary artery with a Dacron tube (table 1).
When a direct anastomosis was performed between

Table 1 Types of shunts used

Type ofshunt No Age

< 6 months > 6 months

Waterston 35 28* 7
Blalock-Taussig 12 0 12
Others 9 4 5

Total 56 32 24

*Two were performed intrapericardially.
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the aorta and the pulmonary arterial tree, the
diameter of the shunt stoma varied according to
the patient's body weight.

All the survivors have been followed up periodi-
cally by direct physical examination, and for the
purpose of this paper most patients were con-
tacted and assessed either by direct examination
or by a questionnaire sent to their families and to
their physicians in March 1978. Seventeen patients
underwent subsequent catheterisation and angio-
cardiography with a view to corrective operation
or further palliation.

Table 2 Hospital mortality

Age (months) No Hospital mortality

No % CLt

0<1 12 1 8% 1%-26%
>1. 3 9 3 33% 15%-56%
> 3< 6 16 0 0% 0%-11%
>6<12 7 0 0% 0%-24%

> 12 12 0 0% 0%-15%
Total 56 4* 7% 4 °/-13%

*Three ofthese patients had a Waterston and one a Potts anastomosis.
t70% confidence limits.

Results

There were four operative deaths, all of which
occurred in patients less than 3 months old, giving
an overall hospital mortality of 7% (table 2). An
inadequate anastomosis with persistent severe
hypoxia caused death in each case. All the sur-
vivors had a functioning surgically created
systemic-to-pulmonary artery anastomosis and
were discharged from hospital with improved
arterial oxygen saturation.
There were three late deaths, all of which oc-

curred within six months of operation. The causes
of death were congestive heart failure from an
excessively large anastomosis in one case and re-
currence of severe hypoxia in the other two.
Seven patients received a further palliation 22

days to 4-7 years after the initial procedure, and
one required a third systemic-to-pulmonary artery
anastomosis (table 3). At the time of the last
follow-up (median: 1.9 years), 38% of the sur-
vivors were asymptomatic, 52% had mild cyanosis,
and 10% were definitely cyanotic and restricted in
their physical activity.

Using actuarial methods, 93% of the survivors
were alive at and beyond one year (longest follow-
up: 9'8 years), while 83% did not require further

Table 3 Reoperations

No First operation Second operation

Age Type Age Type
(months) (months)

1 0-7 Waterston 1-5 Potts
2 0-8 Waterston 30 Blalock-Taussig
3 0-8 Waterston 12 Blalock-Taussig
4 2-8 Waterston 19 Blalock-Taussig
5 5-1 Waterston 15 Blalock-Taussig
6* 5 2 Glenn 58 Blalock-Taussig
7 24 Blalock- 47 Open

Taussig valvotomy

This patient also had a Dacron tube graft between the aorta and the
main pulmonary artery at 7 years ofage.

palliation at and beyond four years after the
initial operation (see figure). Seventeen patients
underwent subsequent catheterisation with a view
to total repair or further palliation (mean interval
between the initial shunt and the catheterisation:
28414-6 months). In 12 the pulmonary artery was
entered during the study, and in all of them a
normal pulmonary artery pressure and normal
pulmonary vascular resistance was found irre-
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"Survival" and "reoperation free" actuarial curves for 52 patients with tricuspid
atresia who survived first systemic-to-pulmonary artery anastomosis. Dashed lines
represent 70% confidence bands.
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spective of the type of systemic-to-pulmonary
artery shunt. In fact, among these 12 patients,
six received a Waterston shunt, four an anasto-
mosis between the ascending aorta and the main
pulmonary artery, and two a Potts operation.
At angiocardiography, the pulmonary arterial

tree was deemed adequate for the Fontan oper-
ation in all but two patients. Five, all less than
4 years old, needed a second palliative operation
despite an adequately sized pulmonary artery as
did the two children with an inadequate pulmonary
arterial tree. Four have already been physiologi-
cally corrected, and six are awaiting repair.

Discussion

The outlook for patients with tricuspid atresia has
changed since the introduction of the physiological
type of repair proposed by Fontan and Baudet
(1971). The criteria for corrective operation, how-
ever, are undoubtedly restrictive, the feasibility of
the repair depending on the presence of an adequate
pulmonary artery tree, low pulmonary vascular
resistance, and reasonable ventricular function.
Furthermore, ideal candidates for corrective oper-
ation should be at least 4 years old (Kreutzer,
1976). Therefore a satisfactory palliative pro-
cedure in the group of patients with reduced pul-
monary blood flow should have the following
features: (a) low mortality and morbidity, (b) re-
lief of symptoms for a reasonably long time, and
(c) avoidance of pulmonary vascular obstructive
disease.
The surgical mortality rate in published series

of shunt operation for tricuspid atresia has been
generally high, particularly in patients less than
6 months old (Subramanian et al, 1965; Deverall
et al, 1969; Paul et al, 1969; Dick et al, 1975;
Trusler and Williams, 1976; Williams et al, 1976).
In our series the hospital mortality has been low
and has occurred exclusively in patients aged be-
low 3 months. It has been suggested that the type
of palliative operation should be varied according
to the age of the patients (Williams et al, 1976;
Trusler and Williams, 1976), the Waterston shunt
being usually preferred in the small patients.

In this series the Waterston shunt was the pro-
cedure of choice in patients less than 6 months old,
whereas the Blalock-Taussig anastomosis has been
used primarily for children above that age. None
of the patients with a Waterston shunt who were
reinvestigated by cardiac catheterisation was found
to have increased pulmonary vascular resistance,
and two of them underwent the Fontan operation
successfully.

Our experience with the Potts shunt has been
small but also gratifying from this point of view:
the survivors are alive at five and nine years from
the first operation, and both are candidates for
total correction. Similarly, we have obtained good
long-term results with a direct anastomosis be-
tween the ascending aorta and the main pul-
monary artery; among the four patients who had
this type of shunt, two have already undergone
a successful Fontan procedure and the remaining
two are awaiting this type of repair.
As regards the duration of the shunt our actu-

arial curves show that 83% of the patients did not
have further palliation at and after four years
from the first operation. Patients who required
early palliation, who usually had either pulmonary
atresia or a severely narrowed pulmonary outflow
tract with small pulmonary arteries, were the most
likely to require another palliative operation before
reaching the ideal age of repair.

In conclusion we think that far more attention
should be paid to the palliation of patients with
tricuspid atresia and decreased pulmonary blood
flow. Although the criteria for corrective operation
are selective, the creation of the appropriate
systemic-to-pulmonary artery anastomosis may
allow total repair in most of these otherwise
hopeless patients.
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