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Ascending aorta-right pulmonary artery anastomosis:
Waterston's operation

F. ALVAREZ-DiAZ, J. M. BRITO, G. CORDOVILLA,
J. PJtREZ DE LEON, P. A. SANCHEZ, and C. M. BORDIUY

Department of Surgery, University Hospital 'Ciudad Sanitaria La Paz', Childrent's Hospital, Madrid, Spain

The results of 180 cases of congenital heart disease with diminished pulmonary flow operated upon

with Waterston's technique are presented.
It is considered that Waterston's operation is to be preferred in children under 2 years of age

and in older children who have had a previous thrombotic or insufficient Blalock operation and
in whom total correction is not indicated.
The problem of pseudotruncus with hypoplastic pulmonary arteries is discussed. The con-

venience of the Waterston operation in these cases, and the importance of creating an anasto-
mosis at the pulmonary bifurcation and as far back as possible in the aorta, is emphasized.
The need to perform this technique in the correct way is stressed. This will avoid the kinking

and pulling of the right pulmonary artery, which are causes of preferential blood flow to the
right lung, as we have demonstrated experimentally.
The possible complications caused by such a technical failure are discussed. The necessity for

previous angiocardiographic study, in order properly to repair the defect during total correction,
is also considered.

The technique of ascending aorta-right pulmonary
artery anastomosis was described by Waterston in
1962. The creation of this pulmonary systemic
fistula is especially indicated in infants and in older
children with cyanotic heart disease with a low
pulmonary flow and a short or narrow subclavian
artery. In these cases, the results of a Blalock-
Taussig operation are poor owing to reduced blood
flow or thrombosis of the fistula.

Because of the increasing popularity of this
technique, a large number of reports have recently
been published (Cooley and Hallman, 1966;
Edwards, Mohtashemi, and Holdefer, 1966 ; Wald-
hausen et al., 1968; Somerville, Yacoub, Ross,
and Ross, 1969; Pickering, Trusler, Lipton, and
Keith, 1971).

CLINICAL MATERIAL

We present our experience with 180 patients operated
upon during the period 1968-71.
The ages of the patients ranged from 6 days to 5

years; 42-5% of the children were less than 1 year old.
Two patients were aged 15 and 18 years; one had had
an insufficient Blalock operation and in the other the
fistula had thrombosed.

Table I shows the distribution of cases according to
diagnosis.

TABLE I

Mortality
Diagnosis No' of

Cases Early Late Total

Fallot's tetralogy 109 1 4 5 4-5
Pseudotruncus 19 7 2 9 48
Tricuspid atresia 20 2 4 6 30
Pulmonary atresia 8 11 12
Miscellaneous anomalies 24 15 5 22

Total 180 16 10 26 14 4

SURGICAL INDICATIONS At present we use the oper-
ation in the following cases:

(a) severe hypoxaemia with arterial saturation less
than 50% and severe metabolic acidosis (55°' of
our cases);

(b) hypoxaemia and enlarged liver (21 %);
(c) retarded growth (20%);
(d) obstructed previous Blalock operation (4°).

CHOICE OF TECHNIQUE Table II shows the choice of
technique in each case. In all patients under the age of
2 years we used Waterston's technique, if the venous
collateral vasculature in the mediastinum was normal
or poorly developed. The technique of Waterston-
Cooley was used if the venous collateral circulation in
the mediastinum was well developed. We also used the
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Ascending aorta-right pulmonary artery anastomosis: Waterston's operation

TABLE II
CHOICE OF PALLIATIVE TECHNIQUE

Less than 2 years of age:
(a) Normn I collateral circulation

in mediastinum . .. Waterston
(b) Increased collateral circula-

tion in medlistinum and
severely sick patients Waterston-Cooley

Over 2 years of age:
(a) Subclavian artery of good Blalock-intrapericardial

size.(Soloviev) or
Blalock-Taussig

(b) Reoperation for thrombosis
of Blalock-Taussig .. .. Waterston

latter operation in the very severe cases, because it can
be performed quickly.

In patients over the age of 2 years with a subclavian
artery of good size, we used a Blalock-Taussig or
Soloviev (intrapericardial Blalock) technique. A
Waterston operation was performed in all patients in
whom a reoperation was required owing to thrombosis
or insufficiency of a previous Blalock operation.

SURGICAL TECHNIQUE A right lateral thoracotomy
through the fourth intercostal space was performed.
The azygos vein was tied and sectioned. The superior
vena cava was dissected and moved aside. The right
pulmonary artery was widely dissected to its junction,
temporarily occluding the distal end of the artery. The
pericardium was opened 3 to 4 cm by the ascending
aorta; a clamp was placed simultaneously on the aorta
and the right pulmonary artery, making a lateral to
lateral anastomosis with a continuous 5-0 suture.

In 1965-66 this operation was modified by Edwards
et al. (1966) and Cooley and Hallman (1966). They
reached the right pulmonary artery between t he
superior vena cava and the aorta, making a 6 cm
vertical opening of the pericardium at this level
(Fig. 1).

This method has the advantage that it is quicker,
especially in patients with a large venous collateral

circulation, in whom the dissection might be difficult.
However, it has the disadvantage that it makes a wide
opening into the pericardium which causes adhesions,
a problem at the time of total correction. On the other
hand, it is more difficult to perform the anastomosis in
the posterior wall of the aorta owing to the risk of
kinking of the right pulmonary artery at the level of
the anastomosis.
The anastomosis should be made in the posterior

wall of the aorta, trying not to kink it at the moment
of positioning the clamp, in order to avoid narrowing
of the pulmonary artery.

It is very important that the size of the anastomosis
should be correct, depending in every case on the age
of the patient. In children under 1 year old, we do an
anastomosis of 2-3 mm in length, between 1 and 3
years 3-4 mm, and over 3 years 4-5 mm.

RESULTS

We consider the results of Waterston's technique
to be very satisfactory. Among the 180 cases
operated upon are included patients under 2 years
of age, and older children in an acute condition or
with an insufficient or thrombotic Blalock oper-
ation, in whom total correction was not indicated.
Included also are critically ill patients with
repeated cyanotic spells or with very severe meta-
bolic acidosis (Figs 2 and 3). The cases have been
classified into five groups as shown in Table I.
The causes of immediate and late mortality are

specified in Tables III and IV. The highest mor-
tality (48%) is related to pseudotruncus. This is of
great surgical interest and will be discussed later.
The main cause of death was hypoxaemia caused

109 180
* Late

25 Early

20-

R- 15
0

FiG. 1. Edwards-Cooley modification of the Waterston
technique.

FIG. 2. See text.
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FIG. 3. See text.

TABLE III
EARLY MORTALITY

>2 TOTAL
0i.

>2 TOTAL '
yr 230o

20

10 -

0
Cause of Death No. Diagnosis

Pulmonary oedema (large anastomosis) I Fallot's tetralogy
Anuria 2 Pseudotruncus
Hypoxaemia (acidosis) 2 Pseudotruncus

I Tricuspid atresia
Bronchopneumonia (aspiration) I Pseudotruncus
Cardiac arrest I Pulmonary atresia

3 Miscellaneous
Enterocolitis I Tricusoid atresia
At operation 2 Pseudotruncus

2 Miscellaneotus

16

TABLE IV
LATE MORTALITY

Case of Death No. Diagnosis Time

Hypoxaemia (acidosis) 2 Fallot's tetralogy 25 d. and 3 mth
2 Pseudotruncus 3 mth and 1 mth

Bronchopneumonia I Tricuspid atresia 6 mth
(aspiration) I Fallot's tetralogy 1 X mth

Bronchopneumonia
and congestive
heart failure I Fallot'stetralogy 1 mth

Cardiac arrest I Tricuspid atiesia 1 mth
Enterocolitis I Tricuspid atresia I mth
Tracheal stenosis I Tricuspid atresia 2 mth
Tracheostomy

10

Six deaths occurred among 20 patients with
tricuspid atresia. Immediate deaths occurred in two
cases, one from hypoxaemia and the other due to
enterocolitis and pneumothorax. The other deaths
are mentioned in Fig. 4 and Table III.

20 TRICUSPID ATRESIA

10. Mortolity:

inI1 z -
PULMONARY ATRESIA

.~~~~~~~~~~~~~~~~~~~~
r-. I I-I r |

MISCELLANEOUS ANOMALIES

0-1 1-3 3-12 >Iyr TOTAL
mth mth mth

Age

FIG. 4. See text.

At present, on patients under 2 years of age with
tricuspid atresia we perform the Waterston opera-
tion. We take atrial pressures during the operation.
If a gradient between the atria is found, we do a
Blalock-Hanlon operation as well.
Of the 20 cases of tricuspid atresia in this report,

11 have been operated on with both techniques,
and there were three deaths in this group (27%).
We think that with the combination of both
methods, the results are superior in children under
2 years of age. In older children we prefer to use
the Glenn operation.
For pulmonary atresia with intact septum, the

Waterston technique has been performed on eight
patients, with one death due to cardiac arrest at the
time of operation.
To date, of the 180 patients operated upon with

Waterston's technique only four have been reoper-
ated for thrombosis at the anastomosis. A left
Blalock-Taussig operation has been performed in
two cases, a Potts and a total correction in the
other two.

by insufficient blood flow, owing to the small
diameter of the pulmonary arteries and also to the
very acute condition of some patients.

I. -.
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Ascending aorta-right pulmonary artery anastoinosis: Waterston's operation

The usual care given to critically ill cardiac
patients was administered during the postoperative
period, plus digitalization in all cases.

DISCUSSION

Although pseudotruncus is considered clinically as
the extreme degree of Fallot's tetralogy, we separ-
ate this entity from Fallot because, from the surgi-
cal point of view, the problems to be considered
are different, depending upon the diameter of the
pulmonary arteries.

In emergency cases, and in patients with severe
acidosis, we make the diagnosis according to the
clinical findings without waiting for haemo-
dynamic and angiographic studies. The main
clinical findings are as follows: cyanosis at birth,
lack of systolic murmur, pulmonary ischaemia,
small heart, and an electrocardiogram charac-
teristic of Fallot's tetralogy.

In 14 patients out of the 20 with pseudotruncus
who were operated upon, the surgical operation
was started without a haemodynamic study owing
to the critical condition of the patients. With this
method we could not exclude other associated
malformations, especially a single ventricle. How-
ever, in all the patients who died, a correct clinical
diagnosis was proved.

In three cases (not included in this report), the
right pulmonary artery had a diameter of less than
2 mm, which precluded any kind of anastomosis.
In these cases treatment was confined to talc
powdering of the right lung in order to create
adhesions and to make possible the development
of a collateral circulation from the thoracic wall
and the mediastinum.
Of the 20 cases operated upon with Waterston's

technique, five presented a right pulmonary artery
diameter of about 3 mm. Although we performed
the operation, it was inadequate and the patients
died of hypoxaemia and acidosis.

In these cases with pulmonary hypoplasia, we
tried to create the fistula just at the level of the
pulmonary artery bifurcation, as far as possible
behind the aorta. At the same time we tried to
avoid pulling on the pulmonary artery so as not to
kink it, because this interferes with the even distri-
bution of blood flow to both lungs. In these
patients we did the anastomosis at the level of the
bifurcation, thereby increasing the diameter of the
pulmonary artery. There is no danger of an
excessive blood flow because of the small diameter
of the pulmonary arteries.

In patients with a diagnosis of pseudotruncus
who have pulmonary arteries of less than 5 mm

diameter, the large diameter of the aorta will cause
the right pulmonary artery to kink if the anas-
tomosis is not made at the pulmonary artery
bifurcation. This occurred in 100% of cases.
Because of this kinking, the flow will be preferen-
tially or exclusively directed to the right lung.
We believe that the preferential blood flow to

the right lung, observed with Waterston's technique
and demonstrated by other authors, is due princi-
pally to a technical fault. If the fistula is made to
the lateral wall of the aorta, a kinking of the
pulmonary artery will be produced at the level of
the anastomosis, with a preferential blood flow to
the right lung. Another reason for this preferential
blood flow is that excessive pulling of the right
pulmonary artery produces a stenosis at the
proximal end (Figs 5 and 6).

s .~~~~.
FIG. 5. Aortography in ascending aorta in a patient with
Waterston's operation showing the preferential flow to the
right lung.

Many problems associated with the classical
techniques (Blalock-Taussig, Brock, and Potts)
have been solved by the introduction of ascending
aorta-right pulmonary artery anastomosis. This
technique is simple, but it must be performed care-
fully, keeping in mind the possibility of the compli-
cations already described. We find that the main
advantages are: (a) the dissection is minimal;
(b) the circulation to the arm remains normal;
(c) the risk of thrombosis is lessened, especially in
patients under 1 year of age; and (d) closure of the
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FIG. 6. (a) Ideal haemodynamic situation after Waterston's operation. (b) Prefer-
ential flow to right lung due to kinking ofpulmonary artery. (c) Preferential flow
to right lung due to stenosis caused by excessive piulling of the right pulmonary
artery.

fistula will be simple when total correction is
performed.
We consider the result to be good in those

patients who progress with obvious clinical
improvement and do not show cardiac failure
caused by an enlarged anastomosis. However, we

do not know if, in the long term, pulmonary hyper-
tension might develop because of enlargement of
the fistula, or, in other cases, because of preferen-
tial flow to the right lung.
At the time of total correction, when there is a

preferential flow to the right lung, a peripheral
stenosis of the right pulmonary artery at the level
of the anastomosis may be found. This must be
diagnosed and repaired. It must be considered a

serious complication due to the posterior position
of the pulmonary artery in relation to the ascend-
ing aorta which has to be approached by a median
sternotomy used in the total correction.

EXPERIMENTAL OBSERVATIONS

As already stated, we believe that the preferential
flow to the right lung, which appears in a high
percentage of cases operated upon with Water-
ston's technique, is caused by either technical
failure or haemodynamic turbulence caused by
blood coming through the fistula and the flow from
the main pulmonary artery.
We tried to prove this experimentally in dogs.

If the anastomosis is not performed as far on to the
posterior aspect of the aorta as possible, kinking
occurs. The more lateral the anastomosis, the more
acutely will the pulmonary artery be angulated
(Fig. 7). This condition has been described by
Somerville et al. (1969), who found that 50% of
their cases had preferential flow to the right lung.

FIG. 7. Experimental aortography in the dog, showing
preferential flow to the right lung when the anastomosis is
made laterally in the aorta.

Even if the anastomosis is performed as far back
as possible and in the correct place, but excessive
pulling of the right pulmonary artery is produced
at the moment of clamping, then a proximal pul-
monary stenosis is created with preferential blood
flow to the right lung (Fig. 8).
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Ascending aorta-right pulmonary artery anastomosis: Waterston's operation
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FIG. 8. Experimental aortography in the dog showing
preferential flow to the right lung when the anastomosis is
made in the posterior aspect of the aorta but with tension
on the pulmonary artery.

We believe that the haemodynamic effect of
the turbulence created by the new situation is
important.

We are grateful to Mr. David Waterston, C.B.E., for
the technical demonstration which he kindly performed
in our department in November 1968.
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ADDENDUM

Since this paper was submitted a further 25
patients have had a Waterston's anastomosis.
Fifteen were under 1 year of age and 10 were older
children. There was no mortality in the latter
group and four died in the immediate postoperative
period in the group under 1 year.
Of the 25 patients, 19 had a Fallot's tetralogy

and were discharged from hospital in a good
clinical condition. Three patients with a diagnosis
of pseudotruncus were operated upon, one of
whom died of hypoxaemia. In two cases of
tricuspid atresia, a Blalock-Hanlon and a Water-
ston's procedure were performed at the same
operation, and one patient aged 2 months died in
anuria due to tubular necrosis following prolonged
hypoxaemia and hypotension prior to the oper-
ation. The other six cases had miscellaneous heart
anomalies and two patients died in the immediate
postoperative period.

N
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