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Pulmonary atresia with intact ventricular septum
and critical pulmonary stenosis presenting
in first month of life
Investigation and surgical results

G. A. H. Miller, M. Restifo,' E. A. Shinebourne, M. Paneth, M. C. Joseph, S. C. Lennox,
and I. H. Kerr
From the Brompton Hospital, London

The results of investigation and surgical treatment of I7 neonates with intact septum pulmonary atresia and 5
with critical pulmonary valve stenosis are presented. Twenty-one patients presented and were catheterized
at less than 9 days of age and i at i6 days. A clear division into 2 types ofpulmonary atresia depending on

right ventricular cavity size, presence of myocardial sinusoids, and degree of tricuspid regurgitation was not
possible. In addition, 3 patients with the features of intact septum pulmonary atresia appeared to have a

pin-point opening in the pulmonary valve. It is suggested that such patients merge into a further group with
critical pulmonary valve stenosis presenting in the first month of life. Patients could not be distinguished on

radiographic, electrocardiographic, or haemodynamic grounds but only on the basis of right ventricular angio-
cardiograms. We question the view that pulmonary valvotomy alone is ever the correct treatment for pulmon-
ary atresia with intact septum even when the right ventricle is large - in contrast all patients with critical
pulmonary stenosis did well after open pulmonary valvotomy.

Patients with pulmonary atresia and intact ventricu-
lar septum have been classified into two groups
according to the size of the right ventricle (Green-
wold et al., I956; Davignon et al., i96ib). The im-
portance of this classification is that type II pul-
monary atresia, with a large right ventricular cavity,
has been thought likely to be correctable by pul-
monary valvotomy and to carry a better prognosis
than type I pulmonary atresia with an inadequate
right ventricle (Greenwold et al., 1956). Review of
the published reports and our own experience do not
altogether support this view; thus, the classification
into two types has been shown to be an over-simpli-
fication (Gersony et al., I967) while the multitude
of surgical techniques which have been employed
reflects uncertainty about the correct approach and,
in particular, about the ability of the right ventricle
to sustain adequate pulmonary flow and its ability
to develop. We report here our experience of I7
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neonates, with pulmonary atresia and intact ven-
tricular septum; in addition, details are given of 5
neonates with critical pulmonary valve stenosis pre-
senting at the same age. The very different surgical
results in the latter group despite an almost identical
haemodynamic disturbance emphasize the import-
ance of high quality right ventricular angiocardio-
graphy in distinguishing the two conditions - not
so much to determine right ventricular size as to
detect patency of the pulmonary valve.

Patients
The patients form two main groups; I7 with pulmonary
atresia and intact ventricular septum and 5 with critical
pulmonary valve stenosis. They were all investigated
between October I967 and May I972; those with pul-
monary atresia represent a prevalence of just over i per
cent of all types of congenital heart disease seen at this
hospital during this time and of between 6 and 7 per
cent of all forms of congenital heart disease in neonates.

Methods
Cardiac catheterization was performed using a conven-
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tional catheter/manometer system. Oxygen saturation
was measured by reflection oximetry.1 Angiocardiogra-
phy was performed with injection of contrast medium
into the right ventricle in all patients. In all but 3
patients (Cases 8, I0, and ii), in whom cineangiocardio-
graphy was employed, rapid (6/sec) biplane serial filns
were taken.

Results
Angiographic appearances
Patients were allocated to one of three groups on

the basis of the right ventricular (RV) angiocardio-
grams (Table i).

Group I: Pulmonary atresia with intact ven-
tricular septum and small right ventricular
cavity This group was subdivided into those with
slight or absent tricuspid regurgitation, and those
with the severe form.
a) With slight or absent tricuspid regurgitation (Fig.
Ia) (8 patients; 4 F, 4 M, age at catheterization
i to 8 days) Myocardial sinusoids were present in
all patients in this group and were conspicuous in 5.
In some instances sinusoids were seen to fill the
coronary arteries with retrograde opacification of

1 Kipp and Zonen, Delft, Holland.

the aorta (Fig. ib). These patients correspond to
type I pulmonary atresia of Greenwold et al.
(i956).
b) With severe tricuspid regurgitation (7 patients;
3 F, 4 M, age at catheterization i to 6 days) Myo-
cardial sinusoids were absent in 3 of the 7 patients
and obvious in only i. These patients are inter-
mediate between type I and type II pulmonary
atresia of Greenwold et al. (I956) in that though
they had obvious tricuspid regurgitation and,
usually, less obvious sinusoids, they still had a
small right ventricular cavity.

Group 2: Pulmonary atresia with intact ven-

tricular septum and large right ventricular
cavity (Fig. 2) (2 patients, both female; age at
catheterization 2 days and 5 days) Myocardial
sinusoids were absent in both patients; tricuspid re-

gurgitation was slight in i and severe in the other
patient. These patients resemble type II pulmonary
atresia of Greenwold et al. (I956) but in both pa-

tients there appeared to be faint early opacification
of the pulmonary artery, suggesting pin-point
patency of the pulmonary valve. At open pulmonary
valvotomy a minute pin-hole was seen in one

patient but could not be confirmed in the other.

TABLE I Plain chest x-ray and angiographic findings

Group Patient Age (dy) at Sex Chest x-ray Angiocardiogram
No. catheterization

Cardiac RA Left heart Right Tricuspid Sinusoids
enlargement enlargement border ventricle regurgitation

I (a) I 3 F + - Small Slight +
2 2 M + Rounded ,, Absent + +
3 I F + + ,, Slight + +
4 2 F + + Rounded ,, ,, ++
5 3 M + +++
6 7 M + Rounded ,, ,, +
7 7 M + ++

* 8 8 F + + ,, ,, ,, +

I (b) 9 I F + + + ,, ,, Severe +
I0 2 M + - - ,, ,, ++
II I M + + Rounded ,.
12 6 M + + ++ ,
13 4 F + + + + Rounded ,.
14 2 M + + + + ,, ,, ,, +
I5 2 F + + - ,, ,, +

2 * i6 2 F + + + + Rounded Large Slight
* I7 5 F +++ ,, ,, Severe

3 i8 2 F ++ ++ Large
I9 4 F + + Normal Slight
20 I M + + Large ,,
21 I6 F ++ ,-
22 3 M + + + Rounded ,.

* Surgical or angiographic evidence of pin-point patency of pulmonary valve.
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Pulmonary atresia with intact ventricular septum and critical pulmonary stenosis II

a b
FIG. I (a) Case 3. Pulmonary atresia. Right ventricular angiocardiogram (AP projection)
showing a small right ventricular cavity and myocardial sinusoids. (b) Case 5. Pulmonary atresia.
Right ventricular angiocardiogram (lateral projection). Obvious myocardial sinusoids. There is
retrograde flow from these sinusoids via the right coronary artery resulting in dense opacification
of the aorta.

These patients might be considered examples of
critical pulmonary stenosis; however, the angio-
graphic appearances differed from those in group 3
patients in that early opacification of the pulmonary
artery was difficult to detect and never sufficient to
outline its size. In one other patient (Case 8, in
group i (a)) pin-point patency of the pulmonary
valve was detected at operation despite the angio-

FIG. 2 Case No. 17. Pulmonary atresia. Right ven-

tricular angiocardiogram (AP projection). Large right
ventricular cavity and severe tricuspid regurgitation.
No myocardial sinusoids.

graphic appearances of pulmonary atresia with
myocardial sinusoids.

Group 3: Critical pulmonary valve stenosis (5
patients; 2 F, 3 M, age at catheterization i to i6 days)
The right ventricular cavity was normal sized or
large and was heavily trabeculated in all patients,
none had myocardial sinusoids, and in all there was
obvious early opacification of the pulmonary artery
which was seen to be of approximately normal
diameter. Tricuspid regurgitation was slight in 4
patients and obvious in i (Fig. 3).

Electrocardiogram
The electrocardiogram was unhelpful in distinguish-
ing between patients in groups i (a), i (b), and 2.
Two electrocardiographic patterns were found: (i)
normal for age and (ii) diminution of right-sided
forces (Liebman, I968). Unfortunately only one
cardiogram was available for review in group 2 (large
right ventricle) - this showed diminution of right-
sided forces, but this pattern was also seen in 6 of
the 13 available electrocardiograms in groups i (a)
and i (b) and in one patient with critical pulmonary
stenosis.

In 4 of the 5 patients with critical pulmonary
stenosis (group 3) the mean frontal QRS axis was
between + 120° and + I400, whereas only one
patient with pulmonary atresia (Case 6, in group
i (a)) had an axis as far to the right as I20° (Fig. 4);
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Plain chest radiograph
In all patients there was oligaemia of the lung fields
and some degree of cardiac enlargement. Cardiac
enlargement was slight in group I (a) patients and
the right atrial shadow prominent in only 3. In the
patients in group I (b) with a small right ventricle
but severe tricuspid regurgitation cardiac enlarge-
ment was conspicuous in 3 of the 7 and the right
atrial shadow prominent in all but one. Finally,
conspicuous cardiac enlargement and considerable
prominence of the right atrium was a feature of
both patients in group 2 (large right ventricular
cavity). Patients with critical pulmonary stenosis
(group 3) had conspicuous cardiac enlargement in
4 of the 5 and a prominent right atrial shadow in 3.
A peculiarly rounded shape to the left cardiac

border (Fig. 5) was a feature of the group i and 2
cases but was also seen in one patient with critical
pulmonary stenosis (group 3).

Haemodynamic findings
Right ventricular hypertension (exceeding systemic
pressure in all but 2 patients) was an invariable find-

FIG. 3 Case 20. Critical pulmonary valve. ing, as was right-to-left interatrial shunting with
stenosi,

( arterial desaturation (ranging from 20-63% in

projection). Large right ventricular cavityogram( patdents in groups I (a), i (b), and 2 and from 2o-right vetcua cait wit heavy mptetsmgop hcrtclpumnr
trabeculation.Laere is obvious early opacification of the 67/ in patients in grouP 3 with critical pulmonary
treulaonary arterewhich is of normal ornear-normalstenosis). Neither the absolute magnitude of right
pulmonary are is of normal orgnearino ventricular systolc pressure nor the right ventricu-
diamete.Tlar systolic/systemic systolic ratio served to distin-

guish between patients in the different groups. The

MEAN FRONTAL QRS AXIS
180 0

165 15 4// /

150 30

135 * 0 0 45
120 60

105 9075

* Small RV
o Large RV
PPS

FIG. Mean frontal QRS axis for 13 patients with '...
pulmonary atresia and small right ventricle, i with ,.-

pulmonary atresia and large right ventricle, and .
with critical pulmonary stenosis.Hs...~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

FIG. 5 Case 4. Pulmonary atresia with small right
however, in one patient in group 3 the mean frontal ventricle and only slight tricuspid regurgitation. Plain
QRS axis was only + 6o0 and this was the only chest x-ray showing pulmonary oligaemia, slight car-
patient in this group in whom the pattern of dimin- diac and right atrial enlargement, and 'rounded' left
ished right-sided forces was seen. cardiac border.
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Pulmonary atresia with intact ventricular septum and critical pulmonary stenosis 13

presence of conspicuous tricuspid regurgitation was
not associated with significantly lower right ven-
tricular systolic pressures. The right ventricular
end-diastolic pressures were equally unhelpful in
distinguishing between the various groups.

Results of operation
First operation (Tables 2 and 3)
Operation was carried out within 4 days of diagnos-
tic catheterization in all but one patient. This pa-
tient (Case 7), with a small right ventricle, pulmon-
ary atresia, and persistent ductus arteriosus, was
reasonably well initially, but at 4 months of age

TABLE 2 Results of operation - type of abnormality

No. of Hospital Late 'Good' result
patients death death

Pulmonary atresia with small right ventricle and slight or
absent tricuspid regurgitation (group i (a))

8 3 3 2* (25%)
Follow-up 71 mth, i8 mth

Pulmonary atresia with small right ventricle and conspicuous
tricuspid regurgitation (group i (b))

7 4 it 2 (29%)
Follow-up 3 mth, 4 mth

Pulmonary atresia or ( ?) pin-point stenosis, large right
ventricle (group 2)

2 2 -

Critical pulmonary stenosis (group 3)t
5 5 (IOO%)

* One patient died at 74 months during a second operation
designed to achieve complete correction.
t Patient died at i month after a second operation designed to
achieve complete correction.
* In all patients in this group the operation performed was
open pulmonary valvotomy under hypothermia with closure
of a patent foramen ovale in 4 of the 5 patients. All patients
in this group remain alive and well at 3 years, 3 years, I7
months, I5 months, and 2 months.

there was evidence that the ductus was closing and
a Waterston shunt' was constructed: he died 2 days
later.
Among patients with pulmonary atresia good re-

sults were obtained only in patients in groups i (a)
and i (b) with a small right ventricle and were

associated with a Waterston shunt alone or with a

Waterston shunt and atrial septectomy. Though
pulmonary valvotomy did not produce a long-term
survival in these groups, two patients survived 9

weeks and 3 weeks after a closed and an open pul-
monary valvotomy, respectively.2

Neither of the two patients with pulmonary
atresia and a large right ventricle (group 2) survived
operation (open valvotomy with hypothermia).

Second operation (Table 4)
A second operation was carried out or attempted in
6 patients, including 2 of the 'long-term' survivors.
All patients died on the table (3 patients, i during
induction) or within 24 hours of operation (3
patients).

Discussion
Patients with intact septum pulmonary atresia have
been classified as belonging to two groups. In one

(type I) the right ventricular cavity is small, there
are conspicuous myocardial sinusoids, and tricuspid
regurgitation is absent. In the other (type II) the
right ventricle cavity is large, sinusoids are absent,
and there is conspicuous tricuspid regurgitation
(Greenwold et al., 1956; Davignon et al., i96ib).
Type I and type II pulmonary atresia have been
distinguished on electrocardiographic and radio-
1 Right pulmonary artery to ascending aorta.
2 A further patient who did not present for catheterization
until 45 days of age (and is thus excluded from this study) is
still alive and well i year and 9 months after an open pulmon-
ary valvotomy. Angiographically, this patient had a small right
ventricle with conspicuous tricuspid regurgitation and no myo-
cardial sinusoids. This patientwas also the only patient in whom
the interatrial communication was not closed at the time of
open pulmonary valvotomy.

TABLE 3 Pulmonary atresia: results of initial operation - type of operation

Operation No. of patients Hospital death Late death Good result

Waterston shunt 6 3 2 (3 wk, 34 mth) I (I7%)
Waterston shunt+atrial septectomy 4 - i (i mth)* 3 (75%)
Pulmonary valvotomy (closed) 2 I I (9 wk) o
Pulmonary valvotomy (open, hypothermia) 4 4 0 0 -
Pulmonary valvotomy (closed) + Waterston shunt I I 0 0

Total I7 9 4 4
(% (53) (2-3 5) (2-3 5)

* After second operation designed to achieve complete correction. This patient had had a pulmonary valvotomy at the initial
operation in addition to a Waterston shunt and atrial septectomy.
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TABLE 4 Pulmonary atresia: details of second operation

Case Operation Time after First operation
No. first operation

3 Pulmonary valvotomy (open, hypothermia); closure of patent 9 wk Closed pulmonary valvotomy
foramen ovale

5 Pulmonary valvotomy (open, hypothermia); closure of Water- 7j mth Waterston shunt + atrial septectomy
ston shunt and of atrial septectomy

7 Pulmonary valvotomy (open, inflow stasis) 3 wk Waterston shunt
II Waterston shunt I dy Closed pulmonary valvotomy
I2 Died during induction i6 dy Waterston shunt+ closed pulmonary

valvotomy
I4 Pulmonary valvotomy (open, hypothermia); closure of Water- I mth Waterston shunt+atrial septectomy

ston shunt and of atrial septectomy; ligation of persistent +pulmonary valvotomy
ductus arteriosus

graphic grounds, though the electrocardiogram at
least has been shown to be unreliable in the first
week of life (Davignon et al., i96ia; Cole et al.,
I968; Dhanavaravibul, Nora, and McNamara,
I970) - the age at which the majority of these
patients present. Our experience supports the view
that in this age group the cardiogram does not dis-
tinguish between type I and type II pulmonary
atresia and an indistinguishable electrocardiographic
pattern may be seen in patients with critical pul-
monary stenosis. The plain chest x-ray provided
some indication of the size of the right ventricle
and the degree of tricuspid regurgitation but was
not specific for types I and II. In our experience
and in that of others (Celermajer et al., I968) the
right ventricular pressure did not distinguish be-
tween patients with type I or type II pulmonary
atresia; indeed, patients with critical pulmonary
stenosis were also indistinguishable on haemo-
dynamic grounds alone. Selective right ventricular
angiocardiography is the single most helpful investi-
gation, though errors of interpretation have occurred
when communicating sinusoids have been mistaken
for the border of the right ventricular cavity, leading
to an overestimate of cavity size (Dhanavaravibul et
al., I970). The degree of tricuspid regurgitation may
also be overestimated when the catheter is dislocat-
ing the tricuspid valve or the injection is made par-
tially into the right atrium.

It may be that the classification of intact septum
pulmonary atresia into two groups is an oversimplifi-
cation (Gersony et al., I967; Bowman et al., I971;
Murphy et al., I97I). Our own experience supports
the view that, as with most biological phenomena,
pulmonary atresia with intact ventricular septum
forms a spectrum of abnormalities. Thus severe tri-
cuspid regurgitation was not confined to patients
with a large right ventricle but was also present in
5 of the i3 with a small right ventricle. Myocardial
sinusoids were found only in those with a small right

ventricle but were not invariably present even in
this group. What is perhaps more important, how-
ever, is that 3 patients had all the angiographic (and
haemodynamic) features ofintact septum pulmonary
atresia except for angiographic or surgical evidence
of pin-point patency of the pulmonary valve. Two
of these patients had a large right ventricle and one
a small right ventricle.

It is possible that obstruction at pulmonary valve
level may become progressively more severe during
fetal life and that on occasion the situation at birth
which we recognize as pulmonary atresia may be
the end result of this process. In other patients there
is still pin-point patency of the pulmonary valve at
birth and these patients merge into a third group
who, at birth, still have a i-i mm opening in the
pulmonary valve and are recognized as having criti-
cal pulmonary stenosis (Benton et al., I962; Ger-
sony et al., I967; Cole et al., I968). If this thesis is
correct, then we may also postulate that the size of
the right ventricle (and, possibly,the tricuspid orifice)
may reflect flow through the ventricle during intra-
uterine life. Other indications ofthe intrauterine flow
pattern which might be expected when obstruction at
pulmonary valve level has been critical or complete
from early fetal life would be (i) an aorta which tapers
smoothly and does not exhibit the isthmal narrowing
and postductal dilatation normally found at birth (re-
flecting right-to-left flow across the ductus during
fetal life); (ii) a pulmonary artery considerably
smaller than the aorta; and (iii) a ductus arteriosus
which is small and whose direction might differ
from the normal continuous arc between pulmonary
artery and descending aorta. Conspicuous develop-
ment of myocardial sinusoids might also be expected
in those patients in whom there has been no egress
from the right ventricle during much of fetal life
and might therefore be expected in association with
a small right ventricular cavity.
Our patients provide some support for this hypo-
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thesis - thus aortic morphology could be determined
in ii patients; in 8 with complete pulmonary atresia
the aorta had the 'adult' morphology without isth-
mal narrowing. The remaining 3 patients all had
either the fetal pattern with isthmnal narrowing or a
pattern intermediate between this and the adult
pattern; 2 of these patients had a pin-point opening
in the pulmonary valve, while the third had critical
pulmonary stenosis. The pulmonary artery was cer-
tainly smaller than the aorta in all patients with
pulmonary atresia, while the more normal-sized
pulmonary artery was one of the features that dis-
tinguished patients with critical pulmonary stenosis.
The importance of determining right ventricular

size rests on the assumption that type II pulmonary
atresia, with an adequate right ventricular cavity,
should be amenable to correction by pulmonary
valvotomy and should have a better prognosis
(Greenwold et al., I956). This might be expected to
be true whether the right ventricular size was deter-
mined by the fetal haemodynamics or was otherwise
determined. However, when the reported experience
is reviewed to determine whether in fact type II
pulmonary atresia carries a better prognosis and can
be treated by pulmonary valvotomy, we find con-
flicting evidence. In I967, Gersony and co-workers
(I967) collected I23 reported cases and found only
one survivor (from valvotomy in a patient with type
II pulmonary atresia) and added 2 survivors of their
own, both of whom had type I pulmonary atresia.
More recently, improved operative results have been
reported with survival rates of between I9 and 58
per cent (Cole et al., I968; Dhanavaravibul et al.,
I970; Bowman et al., I97I; Shams et al., I971).
Review of the experience of these four groups of
authors reveals no survivors with type II pulmonary
atresia and only 2 patients surviving pulmonary
valvotomy (Bowman et al., 1971; Dhanavaravibul
et al., I970). The best results were obtained by the
use of an aortopulmonary shunt, often with creation
of an atrial septal defect by septectomy or by balloon
septostomy. Since adopting this approach, Shams
and co-workers (I971) obtained 7 survivors of 8
patients whereas none of their previous 30 patients
had survived. The proportion of patients with type
II (large right ventricle) pulmonary atresia in these
4 series was similar to the 20 to 25 per cent preval-
ence generally reported and the I2 per cent preval-
ence in our own series. In sharp contrast are the
reports of Murphy and co-workers (I97I), Ziegler
and Taber (I962), Celermajer and co-workers (I968)
and Rook and Gootman (I97I). All 3 patients re-
ported by Ziegler and Taber and the 3 reported by
Rook and Gootman appeared to have type II pul-
monary atresia, and all survived pulmonary val-
votomy though 2 required an additional systemic-

to-pulmonary shunt (Rook and Gootman, I97I).
Of the larger series reported by Celermajer and co-
workers (I968) and Murphy and co-workers (I97I),
all survivors had type II pulmonary atresia and all
had a pulmonary valvotomy. The experience of
these latter groups of authors is unusual in that the
prevalence of type II pulmonary atresia was much
higher than generally reported (6o% of those in
whom the right ventricular size was known in
Murphy and co-workers' series and 67% in the
series reported by Celermajer and co-workers).
There seems, therefore, to be general agreement

that patients with a small or miniscule right ventricle
require an aortopulmonary shunt, preferably with
creation of an atrial septal defect (Trusler and Fow-
ler, 1970). In contrast, good results can be obtained
in patients with critical pulmonary stenosis by pul-
monary valvotomy - and this is also our experience
(Burnell et al., I970). Such patients are very similar
on haemodynamic and angiographic grounds to
patients with type II pulmonary atresia and can
only be distinguished by high quality right ventricu-
lar angiocardiograms if these show good filling of a
normal sized pulmonary artery from the right ven-
tricle. It is possible that some of the good results
reported for pulmonary valvotomy in type II pul-
monary atresia were examples of critical pulmonary
stenosis - certainly we remain unconvinced that
pulmonary valvotomy alone is ever the treatment of
choice for neonates with pulmonary atresia even
when the right ventricle is large or where there may
be pin-point patency of the valve revealed by high
quality right ventricular angiocardiograms. It may,
however, be desirable to inspect the right ventricular
outflow tract and, if possible, to perform pulmonary
valvotomy at the time of creation of a shunt and
atrial septal defect as advocated by Bowman and
co-workers (I97I) because these authors have pre-
sented evidence suggesting that the right ventricle
can increase in size when this is done. Unfortunately,
abnormalities of the tricuspid valve are frequent in
this condition and may frustrate attempts at com-
plete correction; thus one of our patients progressed
well for 7j months after atrial septectomy and
creation of a Waterston shunt. At the second opera-
tion the right ventricular cavity appeared to be of
reasonable size but was occupied by a fibrin throm-
bus; attempts at complete correction were frustrated
by near-atresia of the tricuspid valve which was dis-
placed into the right ventricular cavity in an Ebstein-
like fashion. Whether or not the tricuspid valve
would have developed as well as the right ventricle
had a pulmonary valvotomy been performed at the
first operation is unknown, but abnormalities of the
tricuspid valve may provide a further bar to eventual
complete correction.
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