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Problems with radical corrective surgery after
ascending aorta to right pulmonary artery shunt
(Waterston's anastomosis) for cyanotic congenital
heart disease

Jane Somerville, Rosa Barbosa, Donald Ross, and Eckhardt Olsen'
From the National Heart Hospital and Cardiothoracic Institute, London

Forty-five patients with Fallot's tetralogy or pulmonary atresia had total correction 2 to 6 years after
palliative ascending aorta to right pulmonary artery anastomosis (Waterston's shunt). The operative mortality
for total correction is increased in this group. Patients shown subsequently to have had a good anatomical
correction died unexpectedly with high central pulmonary artery pressure, falling arterial P02, low cardiac
output, and progressive acidosis.

The cause of this syndrome was difficult to determine. Histological examination of the lungs showed that
severe pulmonary arteriolar thickening was not present. The factors apparently predisposing to these post-
operative difficulties were kinking of the right pulmonary artery and/or lone perfusion of the right lung,
remaining uncorrected for several years, in patients with pulmonary atresia or with Fallot's tetralogy with a
shunt performed under the age of 3 years. In survivors, stenosis of the right pulmonary artery frequently
occurred but wvas rarely severe.

In view of these difficulties, early haemodynamic and angiocardiographic assessment is recommended in all
patients zwith aorta to right pulmonary artery anastomosis, irrespective of the clinical result, in order to
delineate the central pulmonary artery anatomy and assess perfusion of each lung; if kinking of the right
pulmonary artery and inadequate perfusion of the central pulmonary arteries and left lung are demonstrated,
early radical corrective surgery is recommended.

Palliative surgery in cyanotic congenital heart
disease has not only improved the quality of life
but also prolonged the lives of many children with
serious lesions. The Blalock-Taussig operation to
augment the poor pulmonary blood flow was a

landmark in treatment for these children and since
its introduction several different types of aorto-
pulmonary anastomosis have been used successfully.
However, a palliative procedure can only be truly
evaluated after the results of the final radical correc-

tive procedure are known, since this may add
complications as well as benefits.

Initial appraisal of ascending aorta to right pul-
monary artery anastomosis, the Waterston shunt
(Waterston, i962), showed that it was a good opera-

tion for the relief of hypoxia in both infants and
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older children (Cooley and Hallman, I966a; Somer-
ville et al., I969; Waterston, Stark, and Ashcraft,
1972; Semb and Hall, I972; Reitman et al., 1974).
However, it was found to be dangerous, particularly
in infants, when the stoma was too large, and
occasionally to be associated with early morbidity
and even mortality from pericardial effusion with
tamponade (Radley-Smith, Gonzalez-Lavin, and
Somerville, I970), as well as other complications
such as right pulmonary artery stenosis (Somerville
et al., I969; Daicoff et al., I974).
At the National Heart Hospital between I966 and

1972, ioo patients with severe cyanotic congenital
heart disease had a Waterston shunt with the
anastomosis constructed posterior to the superior
vena cava. In 77 patients with either Fallot's tetralo-
gy or pulmonary atresia, the late mortality with the
shunt was low (3y4), and in a further 2 the shunt
closed spontaneously. Relief of hypoxia was well
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maintained and there were no cases of bacterial
endocarditis during a 2 to 8 year follow-up period.

In the last 4 years, 45 patients who had previous
Waterston shunts had corrective surgery for
tetralogy of Fallot or pulmonary atresia. In spite
of improved methods of postoperative care and
refinements of operative technique, the mortality
for a routine operation has appeared to increase.
Analysis of the many factors involved has suggested
that the shunt itself might in some way be in-
fluencing the outcome of the corrective procedure.
Since there are many patients with correctable
cardiac lesions who are living normal lives as the
result of this anastomosis, we have considered it
important to report our experience of total correc-
tion after Waterston shunts and to draw attention to
potential problems which may modify future
management and prognosis.

Patients and methods
Forty-five patients with Fallot's tetralogy (28) or
pulmonary atresia (17) aged 4 to 27 years had total
correction following previous Waterston operation in the
National Heart Hospital during the period I970 to 1974.
All had had an ascending aorta to right pulmonary artery
anastomosis posterior to the right superior vena cava,
2 to 6 years earlier; this was patent at the time of correc-
tion in 43. The patients were aged 6 months to 23 years
at the time of the palliative procedure and io were under
3 years. The group with Fallot's tetralogy were severely
ill, with resting arterial oxygen saturation 41 to 70 per
cent before the first shunt. A previous palliative pro-
cedure before the Waterston shunt had been performed
in 14 patients.

All patients had aortography and right ventricular
angiocardiography before total correction. In 25 patients
the right pulmonary artery pressure was measured
before operation at cardiac catheterization, and the
presence and degree of kinking of the right pulmonary
artery was assessed from the angiocardiograms. When
only the distal right pulmonary artery filled from the
aortogram and/or the pulmonary artery was seen to be
angulated away from the line of the main right pul-
monary artery (Fig. iA and iB), it was assumed that
kinking of the vessel upwards or forwards had occurred.

Standard bypass technique was used with hypothermia
to 29gC when collaterals were large or when there was a
difficult left-sided shunt to close. When possible, the
distal right pulmonary artery pressure was measured
at operation before going on bypass. When the anasto-
mosis apparently perfused both pulmonary arteries
without obvious kinking, the stoma was initially closed
from within the ascending aorta (Cooley and Hallman,
I966b). After experiencing difficulties in the early
patients, in whom the right pulmonary artery was
recognized to be kinked before total correction, the
shunt was closed on bypass by formal dissection of the
right pulmonary artery away from the ascending aorta
with reconstruction of the narrowed right pulmonary

FIG. i A) Aortogram (AP) from 5-year-old patient
with type I pulmonary atresia. Waterston anastomosis
had been performed at age 7 weeks at a time when
a small persistent duct had been shown. Only perfusion
of right pulmonary artery distal to the Waterston
shunt is present and the proximal pulmonary arteries
centrally and in the left lung were narrow and poorly
developed. B) Right ventricular angiocardiogram from
a I-year-old child with Fallot's tetralogy performed
4 months after 'successful' aorta to right pulmonary
artery anastomosis. There is kinking of the right
pulmonary artery and aortography had shown only
perfusion of the right lung. The clinical result was
good but the child died with the 'syndrome' 5 years
later after good anatomical correction.
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Complications of corrective surgery after Waterston's anastomosis 1107

artery with pericardium. Total correction was then
carried out with closure of the ventricular septal defect
using a 'dacron' patch, together with resection of cristal
bands and relief of pulmonary stenosis; an outflow
patch was used in 5 patients. Eight patients with Fallot's
tetralogy required homograft reconstruction of the
pulmonary outflow because of severe ring hypoplasia
or acquired atresia. Homograft reconstruction of the
right ventricular outflow tract using a fresh aortic
homograft valve conduit (Ross and Somerville, I966)
was routinely used in the I7 patients with pulmonary
atresia, 12 with type i development of the pulmonary
arteries and 5 with type 2 (Somerville, I970). Cardiac
ischaemia was intermittent for up to a total of
50 minutes with periods of perfusion. After coming off
bypass, pressures were measured as soon as a near stable
situation was obtained. If there was instability, with
the features of the syndrome to be described, bypass was
restarted and the Waterston area re-examined and further
reconstructed if there was a gradient across that site, or
any apparent important narrowing. When the central
pulmonary artery pressure remained high and the left
pulmonary artery looked small a gusset of pericardium
was used to enlarge it out as far into the hilum as possi-
ble. After coming off bypass, arterial P02 and pH, and
pressures were measured.

In survivors, cardiac catheterization was performed
in the first year after operation to assess any gradients
in the pulmonary arterial tree or right outflow tract as
well as persistence of atrial or ventricular communica-
tions.

In I3 of those who died the arteries of both lungs were
injected (E.0.) with 'Raybar' cream and gelatin mixture
according to an adaptation of the method recommended
by Harrison and Wood (I949). Radiographs were taken
of the injected lungs and representative areas were
selected for histological examination. Thick sections
(s,u) were stained with haematoxylin and eosin, and
Weigert's elastic van Gieson.

Results
Nine of 28 patients with Fallot's tetralogy died in
the operating theatre or within the first 12 hours
after operation. In 4 of these there was an obvious
cause, such as cutting or suturing of an aberrant
coronary artery, uncontrollable haemorrhage, un-
wise therapy, and status epilepticus. These are
referred to subsequently as known 'surgical
hazards'. In this group, the central pulmonary artery
pressure was normal or slightly raised (Fig. 2A) and
the maximum gradient recorded across the right
ventricular outflow was 25 mmHg (3.3 kPa).

However, there were 5 other patients in whom
none of these complications had occurred and whose
clinical state and cardiac output were unstable after
coming off bypass together with a high central
pulmonary artery pressure which could not be
lowered (Fig. 2A). In two ofthese the right pulmonary
artery pressure distal to the site of Waterston
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FIG. 2 Pressures in right pulmonary artery (RPA)
before correction (T.C.), and main pulmonary artery
(MPA) immediately after total correction and off
bypass. Open circles are living patients. A) 23 patients
with Fallot's tetralogy. B) I6 patients with pulmonary
atresia. Patients who died with the 'syndrome' and
no obvious surgicalproblem had high centralpulmonary
artery pressures.

anastomosis was lower, so bypass was restarted and
the right pulmonary artery was reconstructed. In
another there was a lower pressure in the left
pulmonary artery and in 2 no distal pressures
were recorded. Patches of pericardium were used
to widen the left pulmonary artery as far distally as
possible. Despite these measures, the pulmonary
artery pressures remained high as far out as could
be measured. The left atrial pressure, recorded in 4,
was normal. Over the succeeding hours, the output
remained low, with increasing acidosis and a falling
Po2 in spite of using I00 per cent oxygen. Death
usually occurred within I2 hours.

Similar problems occurred in patients with true
pulmonary -atresia; 8 --of- 17 -patients died, 4 with
identifiable surgical hazards and 4 with the same
syndrome as described above in the 5 patients with
Fallot's tetralogy. The Po2 was even lower than
in the group with Fallot's tetralogy in spite of
ventilation with ioo per cent oxygen and the central
pulmonary artery pressure was also high (Fig. 2B).
The same corrective measures were tried after
putting the patients back on bypass, without
success.

In all who died with this 'syndrome' anatomical
correction appeared to have been satisfactory from
the appearances at necropsy. One patient had
narrowing of the right pulmonary artery and in the
group with pulmonary atresia the small size of the
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ii08 Somerville, Barbosa, Ross, and Olsen

FIG. 3 Posteroanterior radiographs of post-mortem
pulmonary artery injection studies of lungs, after
radical corrective surgery from 2 children who died
with the 'syndrome'. A) From an II-year-old boy
with type 2 pulmonary atresia who had a Waterston
anastomosis at age 5 years and homograft reconstruc-
tion at age 9. The distal right pulmonary artery is a
reasonable size. Arrows demonstrate the narrow
pulmonary arteries in both lungs, proximal to the site
of shunt on the right. H shows the homograft conduit
from the right ventricular outflow to the central
pulmonary arteries. B) 4-year-old boy with tetralogy
of Fallot who had emergency Waterston shunt opera-
tion aged 9 months for 'cyanotic attacks' and this
had only perfused the right side. The repaired heart
and main pulmonary artery have been removed and
both lungs injected separately. There is slight dilatation
of the right pulmonary arteries with excellent peripheral
filling on both sides. The left pulmonary arteries are a
good size.
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FIG. 4 Sections from lings stained with Weigert's elastic van Gieson X 24 with injection medium in lumen of
vesselsfrom child aged 5 years with Fallot's tetralogy who had shunt at age 2 years. A) Right lung shows small
muscular artery with thinned medial coat. B) Left lung with small muscular arteries shows same appearance.
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Complications of corrective surgery after Waterston's anastomosis 11O9

pulmonary arteries proximal to the Waterston was
obvious in 3 of the 4 patients (Fig. 3A).
Good sized left pulmonary arteries and good

peripheral filling of both sides was observed in the
patients with tetralogy of Fallot (Fig. 3B, 4A, and
4B). The histological changes in the pulmonary
vasculature showed similar features in both groups
(atresia and Fallot).
Only one patient had grade 3 pulmonary hyper-

tensive changes (Heath and Edwards, I958) in the
muscular arteries of the right lung. These changes
consisted of medial hypertrophy and fibroelastic
intimal thickening. The shunt in this one child with
pulmonary atresia was large and had been left in situ
for 6 years solely perfusing the right lung, because
the origin of the left pulmonary artery had been
stenosed at the site of a previously attempted Potts'
shunt at 6 months of age. In 5 other patients there
were mildpulmonary hypertensive arteriolar changes
(grade i) in the right lung. These consisted of a
well-developed medial coat and two elastic laminae,
the so-called arterialization of arterioles. In the
remaining 7, the pulmonary vessels were thin and
widely dilated (Fig. 4A and 4B). Histology from
the I3 left lungs showed no changes to suggest
pulmonary arteriolar or arterial thickening, or
other changes of pulmonary hypertension; 3 had
thrombotic Rich (1948) lesions.

Postoperative catheterization with angiocardio-
graphy was carried out in i6 survivors. Gradients*:.^.RF .~~~~~~~.....
FIG. 5 Chest radiograph after correction (patient
illustrated in Fig. 3B). Shows clear right lung and
oedenia of the left lung. There was no stenosis or
obstruction found in the right pulmonary artery at
necropsy, and the anatomical correction a,ppeared to
be perfect.

FIG. 6 Right ventricular angiocardiograms after
total correction. a) From 14-year-old girl with type I
pulmonary atresia. It shows slight stenosis at site of
closed Waterston anastomosis with gradient of
30 mmHg (4.0 kPa) across it. b) From I2-year-old
boy 2 years after total correction for type 2 pulmonary
atresia. Shows small left pulmonary artery and
proximal right pulmonary artery. The pressure in
the homograft conduit (H) was 110/40 mmHg
(14.6/5.3 hPa) and in left and distal right pulmonary
arteries was 40/20 mmHg. (5.3/2.7 hPa). A gradient
of 15 mmHg (2.0 kPa) was found across the right
pulmonary artery at the site of the closed Waterston.
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1110 Somerville, Barbosa, Ross, and Olsen

of 5 to I5 mmHg (0.7 to 2.0 kPa) were recorded
across the right pulmonary artery in I0 patients.
Four had gradients I5 to 35 mmHg (2.0 to 4.7 kPa)
across the narrowing in the right pulmonary artery
at the site of the closed Waterston shunt (Fig. 6A),
but one patient, with type 2 pulmonary atresia,
had a gradient of 75 mmHg (io.o kPa) between the
graft main pulmonary arteries and small central
pulmonary arteries proximal to the Waterston
anastomosis (Fig. 6B). One other patient with a
pulmonary artery pressure at systemic level with a
20 mmHg (2.7 kPa) gradient across the right pul-
monary artery branch had an open ventricular
septal defect.

Discussion
With increasing experience, improved techniques in
cardiac surgery, postoperative, anaesthetic, and
nursing care, a progressively decreasing mortality
should be expected. Radical corrective surgery for
Fallot's tetralogy and pulmonary atresia has been
practised at the National Heart Hospital since I965,
and in assessing the factors which might be res-
ponsible for the high mortality in the cases described
here, we can only ascribe about 40 per cent of deaths
to the known documented surgical hazards. In the
group of deaths where there was no clear cause, the
clinical pattern preceding death was the same,
though how it came about is unclear. The clinical
manifestations which heralded disaster were a rise
in the central pulmonary artery pressure, falling
arterial P02, and inability to improve the cardiac
output or control the acidosis by the usual methods.
This sequence of events is known to occur after
correction in patients with Fallot's tetralogy and
pulmonary atresia who have had other forms of
shunt or no previous palliation. There have been
various unconvincing explanations, but this un-
successful postoperative course heralded by post-
bypass pulmonary hypertension is now unusual
unless there is absence of a pulmonary artery,
longstanding extreme polycythaemia, or hypoplasia
of the pulmonary arteries.
During the same period, the mortality for radical

correction in I8 patients with pulmonary atresia
who had had Blalock, Potts, or no previous shunt
was i i per cent and in 89 patients with tetralogy of
Fallot it was 8 per cent. Though the groups are not
completely comparable as they were slightly milder,
not all having required a previous shunt, the
differences were not enough to account for the
striking difference in mortality, so the Waterston
shunt must contribute to the unacceptably high
mortality (Barbosa, Somerville, and Ross, I974;
Somerville et al.. I974).

Whatever the mechanism which produces this
disastrous course after correction, it is understood
that it is not unique to us (Tay et al., I974; G.
Brom, J. Kirklin, and D. McNamara, I974, personal
communication).
An obvious explanation for the persistent post-

operative pulmonary hypertension might be that
irreversible pulmonary arteriolar changes, such as
have been reported after other forms of aorto-
pulmonary anastomosis (Ferencz, I960) have
developed. In 3 patients the shunts were large and
caused congestive failure for several months and
could have predisposed to such changes. A further
2 patients with pulmonary atresia, who died, had
had transient unilateral pulmonary oedema. How-
ever, unilateral pulmonary oedema is not uncom-
mon in pulmonary atresia after other forms of
shunt, and since congestive failure and transient
unilateral pulmonary oedema had complicated the
postoperative courses of many of the patients who
did not develop the fatal syndrome after total
correction, the size of the shunt would not appear
to be directly related to its occurrence. More
important in denying the causative role ofpulmonary
vascular disease is the absence of pulmonary hyper-
tensive changes except in the right lung of the one
patient with a large shunt perfusing this lung only
for 6 years.
Thus a further search for the cause of the post-

operative problems is necessary. Increasing ex-
perience with these patients has shown that when
the syndrome occurs there is a difference in post-
operative perfusion of the two lungs. In the one
patient who survived long enough to have a chest
radiograph, a clear right lung was seen with severe
pulmonary oedema of the left lung (Fig. 5) and
this was unchanged 3 hours later when the film was
repeated. Necropsy in this child confirmed a
satisfactory surgical correction without stenosis at
the site of the Waterston anastomosis, and good
sized central pulmonary arteries (Fig. 3B). The left
lung was severely oedematous but in both lungs
the muscular pulmonary arteries down to arteriolar
level showed a hypoplastic media and some were
dilated without thrombotic lesions. The clarity of
the right lung on the radiograph and its lightness in
comparison with the left suggested that less blood
had flowed through the right after total correction.
An explanation for this might be that there was a
slight increase in pulmonary vascular resistance on
the right which caused more blood to flow through
into the left lung. This lung, having been under-
perfused possibly without pulsatile flow for several
years, could not accept increased pulsatile flow
without reacting pathologically so that pulmonary
oedema occurred, as may occur in patients with
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Complications of corrective surgery after Waterston's anastomosis IIII

severe pulmonary atresia who have any form of
systemic to pulmonary artery shunt. After total
correction, the pulmonary oedema in one lung might
have caused further pulmonary vasoconstriction,
hypoxia, and pulmonary hypertension so that a
vicious circle developed, culminating in death of a
sick child after a long bypass.

Kinking of the right pulmonary artery with lone
perfusion of the right lung commonly occurs after
Waterston shunts (Somerville et al., I969) and is
likely to be an important contributory factor. Not
only may stenosis of the right pulmonary artery
occur if the artery is not formally reconstructed, as
occurred in 2 patients (Fig. 6), but this may result
in an imbalance of pulmonary flow between the two
lungs. However, this is not the only factor since it
was present in a number of patients with both
pulmonary atresia and Fallot's tetralogy who
subsequently did well. Other factors, together with
kinking of the right pulmonary artery, were the age
at which the shunt was performed and the length of
time elapsing before total correction. In patients
with pulmonary atresia, aged less than 6 years at the
time of the Waterston operation, a kinked right
pulmonary artery or lone perfusion of the right
lung present for 3 or more years favoured the
development of this syndrome. In patients with
tetralogy of Fallot, the factors were the same but
problems only arose in those who had the shunt
between infancy and the age of 3 years, particularly
if there was acquired atresia of the right outflow or
extreme stenosis so that pulmonary arteries proxi-
mal to the Waterston shunt failed to grow. There
were 2 patients with pulmonary atresia who died,
who did not have kinking of the right pulmonary
artery but did have lone perfusion of the right lung
because of stenosis of the origin of the left pul-
monary artery, congenital in one, but caused by a
non-functioning Potts anastomosis in the other.

It is postulated that the physiological disturbance
is the result of a basic upset in pulmonary artery
anatomy (Fig. 7). In the patients with pulmonary
atresia who may have hypoplasia of the pulmonary
arteries, and if a shunt flows only into one artery
(the right) and the duct closes, there is no stimulus
to development of the proximal and left pulmonary
arteries, and the low pulmonary blood flow in a
polycythaemic patient encourages peripheral pul-
monary arterial thrombosis. In the patients with
Fallot's tetralogy who died there were often good
sized left and proximal right pulmonary arteries,
so one presumes that in these the problem was rela-
ted to perfusion disturbance and not vessel hypo-
plasia.

Prediction of a disastrous postoperative course
became possible when chest radiography and angio-

FIG. 7 Diagram to show what may happen to
pulmonary arteries after total correction with homo-
graft conduit in patients with pulmonary atresia and
extreme Fallot who have had a Waterston anastomosis
only perfusing the right pulmonary artery.

cardiography showed that perfusion of the right
lung only had been present for more than 3 years
in patients with Fallot's tetralogy who had been
shunted in infancy, or in those with pulmonary
atresia that there was poor perfusion and size of
vessels proximal to the Waterston shunt. Inevitably
a contributory factor is a long bypass: when there is
a need to return to relieve obstruction at the site
of the anastomosis this must increase morbidity and
mortality, hence the importance of recognizing the
need for formal reconstruction of the right pul-
monary artery. When the potential problem is
recognized, a more uncertain prognosis about the
outcome of surgery is given to the parent, and if
the central pulmonary artery development is found
to be very poor, as illustrated in Fig. 7, a homograft
conduit is connected direct to the distal right pul-
monary artery and the left pulmonary artery is
inserted into the side of the conduit; if the child
with pulmonary atresia is still seriously polycy-
thaemic, a Blalock operation may be recommended
on the left, if there has not already been a failed
shunt procedure on this side.
Having accepted that kinking of the right

pulmonary artery must be contributory either
secondarily or even primarily in causing the high
mortality after total correction, one might feel
tempted to blame this entirely on surgical technique.
However, despite full awareness of the problem
and especial care, the surgeon may be unable to
avoid kinking, particularly in patients with an
unusually large anterior ascending aorta, as is
common in pulmonary atresia, or with a right sided
aorta. Kinking may increase with time and growth
and, for these reasons, it is recommended that all
patients with Waterston shunts should be investiga-
ted with aortography within the first postoperative
year to see if damage to the pulmonary arteries has
occurred. It is common for this shunt to be made
too large in the first few cases of a surgeon's ex-
perience, but this did not appear to be a cause of
death after total correction in this series, though it
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1112 Somerville, Barbosa, Ross, and Olsen

may cause death after this shunt in sick babies.
Some residual stenosis is common in the pulmonary
artery and one survivor with pulmonary atresia
had persistent central pulmonary hypertension with
gradients between the conduit and small left and
right origins of the pulmonary arteries. The other
survivors are well and without problems.

It is debatable in I975 whether there is an indica-
tion for such a palliative procedure. In Fallot's
tetralogy early primary total correction is ideal
(Dobell, Charette, and Chughtai, I968; Pacifico,
Bargeron, and Kirklin, I973; Venugopal and Sub-
ramanian, I974) and this will avoid the problems
that shunts, not only Waterston's anastomosis, can

create. Whether primary correction rather than a

shunt will solve the problems of the very sick patient
with Fallot's tetralogy under 3 months with small
pulmonary arteries remains to be seen. However, in
pulmonary atresia, where a graft conduit is needed,
we would prefer to wait until a conduit graft adult
sized in length and width can be fitted, as no con-

duit can grow. If one adopts this policy for the
management of pulmonary atresia, early palliative
procedures will be required in many patients. It
must also be accepted that in many countries it
may not be possible to do total correction for socio-
economic reasons and the clinical urgency may
make a shunt procedure necessary. This is not the
place to discuss which shunt should be performed,
but the Waterston shunt is good for the urgent relief
of hypoxia and we still recommend it, with reserva-

tions. Apart from technical care to prevent kinking
and the control of stoma size, these patients require
careful surveillance and should not be left un-

investigated in paediatric clinics 'doing well' with
relief of hypoxia.
We do n(t think this anastomosis should be

necessarily abandoned because difficulties have
been encounteced, but management and planning
of the final corrective procedure require care. The
object of this report is to draw attention to the
incompletely understood problems which have
arisen after radical correction following an apparent-
ly successful shunt procedure, in the hope of
preventing them in the future.
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