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The distribution of types of congenital heart disease in male andfemale subjects with the somatic
features of Turner's syndrome, but normal chromosomes (Ullrich's syndrome in males andfemales;
Turner's syndrome in males), is reported. Detailed information was derived from cardiac cath-
,terization, operation, and necropsy findings in 44 published cases and 22 new cases. The dis-
,,ribution of types of congenital heart disease in the 22 new patients is compared with a group of
watched patient controls with congenital heart disease. Pulmonary valve stenosis is much more

frequent in the patients with 'Turner-like' syndrome and normal chromosomes, and in the
:,ontrols it is often associated with primum atrial septal defect. Other lesions that occurred more

;ommonly than in the control group were persistent ductus arteriosus, anomalous pulmonary
venous drainage, coarctation of the aorta (though not as frequently as in 45,X Turner's syn-

frome), and hypertrophic obstructive cardiomyopathy. Lesions less frequent in the ' Turner-like'
vroup were ventricular septal defect, Fallot's tetralogy, valvar aortic stenosis, and complete

transposition of the great vessels.

In 1938, Turner described a syndrome of
short stature, webbing of the neck, cubitus
valgus, and sexual and skeletal infantilism,
and it was later shown by indirect endocrine
studies and by laparoscopy that the origin of
the endocrine anomaly and of the lack of
secondary sexual characteristics resided in a
primary ovarian maldevelopment (Albright,
Smith, and Fraser, I942; Varney, Kenyon,
and Koch, 1942) which Wilkins and Fleisch-
mann (I944) termed 'ovarian agenesis'.
41bright et al. (I942) had drawn attention to
the frequent presence of other associated
anomalies, notably coarctation of the aorta.
Eight years previously, Ulhrich had described
similar somatic features (Ulhrich, I930) in an
8-year-old girl who also had congenital
Lymphoedema, and he collected similar cases
in children and young adults of both sexes,
both from the literature and from the Munich
Children's Hospital. Naturally enough, as a
paediatrician, Ulhrich had missed the con-
nexion, in a large proportion of girls par-
ticularly, between the somatic anomalies and
sexual infantilism which Turner later
described. Caflisch (I952), stressing the

important discriminating criterion of 'hypo-
gonadism', clearly separated, on clinical
grounds, Ullrich's syndrome (status) from
Turner's, both characterized somatically by
bilateral neck webbing, and we have adhered
throughout to this clinical dichotomy (Bishop,
Lessof, and Polani, I960; Polani, I96I;
Gustavson et al., I964). Sometimes the
double eponym 'Bonnevie-Ullrich's syn-
drome' (or 'status') has also been used
(Emerit et al., I964) to acknowledge Bonne-
vie's experimental work and its relation to
Ullrich's syndrome (Ullrich, 1937, 1949).
Confusion between the two syndromes of
Ullrich and Turner, due to their superficial
similarity, can arise before the age of puberty,
i.e. before sexual infantilism has disclosed
itself, and this is specially so in girls, but
indirect information can be obtained from sex
chromatin (Barr body) and chromosome
studies. These can give indirect information,
if normal, on the presumptive absence
(Ullrich's syndrome in the female) or the
presumptive presence, if abnormal, of ovarian
dysgenesis (Turner's syndrome in the female)
(Polani, 1970).
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It is now known that almost go per cent of
phenotypic females with the features de-
scribed by Turner have only one X chromo-
some, while the rest have various other sex
chromosome anomalies. Conversely, patients,
both male and female, with the Ullrich syn-
drome have apparently normal sex chromo-
somes, XY and XX respectively, and a
normal sex complement is found also in males
with Turner's syndrome. These males, with
webbing of the neck and an appearance not
unlike that in females with Turner's syndrome
or in males and females with the Ulhrich
syndrome, are distinguished from the males
with Ullrich's syndrome by evidence of
hypogonadism and/or genital anomaly (for a
discussion see Polani, i969). It was Flavell
(I943) who first applied the eponymous
description of 'Turner's syndrome in the
male' to the neck-webbing syndrome with
hypogonadism.
As already stated, the external somatic

anomalies of both males and females with
Ullrich's syndrome and of males with
Turner's syndrome resemble superficially
those in females with Turner's syndrome (and
dysgenetic ovaries), but the distribution of
their cardiac anomalies can be substantially
different in the two groups (Bishop et al.,
I960; Polani, 1968). In I963, Noonan and
Ehnike described a group of patients with
pulmonary valve stenosis, hypertelorism,
short stature, mild mental retardation, ptosis,
cryptorchidism, and various skeletal mal-
formations; a few of these patients had
webbing of the neck but not necessarily
pulmonary stenosis (Noonan, i968). As a
result, some workers have used the eponym
'Noonan's syndrome' to describe the con-
ditions that form the subject of this paper,
namely Turner's syndrome in males and
Ullrich's syndrome in males and females.

In this report we have been concerned only
with male and female patients fully investiga-
ted by cardiac catheterization and who have
features reminiscent of Turner's syndrome in
the female but have normal chromosomes.
We have collectively referred to these patients
as having Ullrich's syndrome We have re-
viewed the published material on such cases
and have added a number of cases of our
own.

Review of published reports
In reviewing the literature, 44 cases of
congenital heart disease have been found in
patients with somatic features resembling
those in Turner's syndrome (and therefore
essentially with neck webbing) and normal

TABLE i Details of 44 published cases

Diagnosis No. of Per cent Cases with
cases with of 44 lesion alone
lesions

Pulmonary valve stenosis 33 76 23
Atrial septal defect I3 30 0
Persistent ductus arteriosus 5 II 3
Ventricular septal defect 6 I3 I
Anomalous pulmonary venous drainage 2 5 0
Branch pulmonary stenosis 2 5 0
Coarctation of the aorta I 2-5 I
Fallot's tetralogy I 2-5 0
Hypertrophic obstructive cardiomyopathy I 2-5 I
Subvalvar pulmonary stenosis I 2-5 I
Mitral incompetence I 2-5 0
Aortic stenosis (valve) I 2-5 0
Ebstein's anomaly I 2-5 I

chromosomes (Table i) and for whom there
is information from cardiac catheter studies,
operation, or necropsy (Halonen, Seppala,
and Hakkila, 1956; Grumbach and Barr,
I958; Chu, Warkany, and Rosenstein, I96I;
Futterweit et al., I96I; Caron et al., I964;
Gustavson et al., I964; Ferrier and Ferrier,
I967; Migeon and Whitehouse, I967; Celer-
majer, Bowdler, and Cohen, I968; Kaplan,
Opitz, and Gossett, I968; Noonan, I968;
Nora and Sinha, I968; Wright, Summitt, and
Ainger, I968). Of the 44 cases, 23 (52%) had
pulmonary valve stenosis and another IO
(23%) had other congenital cardiac anomalies
in addition, a total of 33 examples (75%) of
pulmonary valve stenosis. Two patients had
pulmonary artery branch stenosis alone. Atrial
septal defect was the second most common
lesion, with I3 patients (30%) affected, all of
these being combined anomalies, mostly with
pulmonary valve stenosis; there were no
patients with atrial septal defect alone. Persis-
tent ductus arteriosus occurred Itimes (II %),
isolated in 3 instances. Ventricular septal
defect occurred also in 5 patients (ii %) but
never alone. Anomalous pulmonary venous
drainage occurred in 2 instances (5%) in
combination with atrial septal defect and with
pulmonary valve stenosis also in one patient.
The remaining anomalies each occurred on
one occasion in combination with other
lesions (Table i).

Patient selection
Clinical material The essential clinical feature
for inclusion in the study was the presence of
definite webbing of the neck. In addition, there
was often short stature, chest deformity, widely
spaced nipples, and, usually, intellectual impair-
ment, low hair line, cubitus valgus, and a charac-
teristic facies (Fig.). In a proportion of the males
there was evidence of sexual infantilism and/or
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cryptorchidism with or without hypospadias.
These patients would be classified as having
Turner's syndrome in the male, while the rest
would be said to have Ullrich's syndrome.
Out of a total of 102 patients, male and female,

referred to the Paediatric Research Unit (P.R.U.)
with somatic features resembling those found in
females with Turner's syndrome (not all with
Frank webbing of the neck) but with normal sex
chromosomes, there were 79 patients (the list is
deposited in the records of the P.R.U.) who
fulfilled the above criteria (30 males and 49
females). Of these 79 patients, clinical diagnosis
of congenital heart disease had been made in 38
cases (47%), i8 males (60%) and 20 females
<40%). Only 22 cases had been fully investigated
by cardiac catheterization (io males and 12
females) and they are the subject of the present
report.

In order to compare the distribution of different
types of congenital heart disease in these patients
with that of the general run of patients with
congenital heart disease, we have randomly
selected three age- and sex-matched controls for
;ach patient. All patients in both groups have had
cardiac catheterization at the same hospital -

there are 66 controls in all (Table 2).

Results

The abnormality found at cardiac catheteriza-
tion in each of the 22 patients with Ullrich's
Ayndrome is shown in Table 3. The most fre-
quent lesion was stenosis of the pulmonary

FIG. Ullrich's syndrome in a male (see text).

valve: 9 patients (45%) were affected and 5
(22% of the total) had no other lesion. Three
patients M4%) had both pulmonary valve
stenosis and atrial septal defect. Only 5 (7%)
of the control group had pulmonary valve
stenosis, and in none was it associated with
atrial septal defect. Other lesions that were

seen more commonly in the patients with

TABLE 2 Incidence of congenital heart lesions in patients with somatic features of
Turner's syndrome (Ullrich's and related syndromes) and in controls

Diagnosis Patients Controls

Total Per cent Cases Total Per cent Cases
No. of of 22 with No. of of 66 with
cases lesion cases lesion
with alone with alone
lesion lesion

Pulmonary valve stenosis 9 45 5 5 7 3
Atrial septal defect 5 22 0 13 20 6
Persistent ductus arteriosus 5 22 4 8 I2 3
Ventricular septal defect 4 i8 I 25 37 I4
Anomalous pulmonary venous

drainage 2 9 0 I I-5 0
Branch pulmonary stenosis 0 0 0 0 0 0
Coarctation of aorta 4 I8 3 4 6 0
Fallot's tetralogy 0 0 0 7 II 7
Hypertrophic obstructive cardio-
myopathy 2 9 I 0 0 0

Subvalvar pulmonary stenosis 0 0 0 2 3 0
Mitral incompetence 0 0 0 2 3 I
Aortic stenosis (valve) 0 0 0 7 II 4
Ebstein's anomaly o o 0 I 1-5 0
Corrected transposition I 4-5 0 I I.5 I
Mitral stenosis I 4-5 0 0 0 0
Congenital cardiomyopathy o 0 0 I 1-5 I
Tricuspid atresia o 0 0 I I-5 0
Coronary artery fistula o o o I 1-5 I
Pulmonary atresia 0 0 0 2 3 2
Complete transposition 0 0 0 7 I I 7
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TABLE 3 Congenital heart disease in patients with somatic features of Turner's
syndrome and normal sex chromosomes (Ullrich's and related syndromes)

Case Age Sex Catheter information Other information
No.

I 3 wk M Anomalous pulmonary venous drainage; second- Necropsy: anomalous pulmonary
degree atrial septal defect; persistent ductus venous drainage, atrial septal
arteriosus defect, hypertrophic obstructive

cardiomyopathy, pulmonary valve
stenosis

2 9 yr M Pulmonary valve stenosis, grad. 48 min;
infundibular pulmonary stenosis, grad. 23 min

3 4 yr M Persistent ductus arteriosus; mitral stenosis;
ventricular septal defect

4 6 yr F Hypertrophic obstructive cardiomyopathy;
subvalvular aortic stenosis, grad. I03 min;
infundibular pulmonary stenosis, grad. I2 mm

5 4 yr M Pulmonary valve stenosis, grad. 20 min;
anomalous pulmonary venous drainage;
secondary atrial septal defect

6 I9 yr F Pulmonary valve stenosis, grad. 50 min; Operated; pulmonary valve stenosis
small secundum atrial septal defect

7 6 yr F Persistent ductus arteriosus with right-to-left
shunt of I-5: I

8 io yr F Pulmonary valve stenosis, grad. 20 min;
small secundum atrial septal defect, and
corrected transposition

9 51 yr F Coarctation of aorta; smal ventricular septal defect
10 4 yr M Congenital aortic incompetence
II 4 yr F Persistent ductus arteriosus Operated
I2 3 yr M Coarctation of aorta Operated
I3 i yr M Coarctation of aorta; anomalous right subclavian Operated

artery
I4 I3 yr F Persistent ductus arteriosus Operated
I5 7 yr F Coarctation of aorta Operated
I6 2 yr F Pulmonary valve stenosis, grad. 25 min
I7 i yr F Ventricular septal defect, small
i8 4 yr F Pulmonary valve stenosis, grad. 30 min; large

ventricular septal defect
I9 42 yr M Pulmonary valve stenosis, grad. 120 min Operated
20 I9 yr M Pulmonary valve stenosis, grad. 55 min Operated; subsequently developed

infundibular pulmonary stenosis
2I 9 yr M Pulmonary valve stenosis, grad. 45 min;

second degree atrial septal defect
22 23 yr M Pulmonary valve stenosis, grad. 70 min Operated

Grad. = gradient.

Ullrich's syndrome than in the controls were
anomalous pulmonary venous drainage (9%
against I *5%), persistent ductus arteriosus
(22% against I2%), coarctation of the aorta
(i8% against 6%), and hypertrophic obstruc-
tive cardiomyopathy (9% against o%). The
lesions that were less common in the patients
than in the control group were ventricular
septal defect (i8% in patients against 37%
in controls), congenital aortic stenosis (o%
against i i %), and Fallot's tetralogy (o%
against ii%). The difference in incidence of
these lesions, taken as a whole, between the
two groups is significant at well over the
o i% level.
One patient who died at the age of 3 weeks

had a complex congenital heart lesion with
anomalous pulmonary venous drainage from
the upper and middle lobes of the right lung

to the right atrium and a large primum atrial
septal defect. The mitral and pulmonary valve
cusps were nodular and the myocardium of
both ventricles showed very considerable
hypertrophy.

Discussion
It is clear, both from our own cases and from
a review of the reports, that pulmonary valve
stenosis is the lesion most frequently seen in
patients with Ulirich's syndrome, namely with
features of Turner's syndrome and normal
chromosomes. Pulmonary valve stenosis is
often associated with secundum atrial septal
defect. Persistent ductus arteriosus is also
frequently seen. Congenital heart disease
appears to be more frequent in patients with
Ulirich's syndrome (47%' with a clinical



Heart in Turner-like syndromes 45

diagnosis of heart disease in the present series;
48% reported by Chaves-Carballo and
Hayles, I966) than in 45,X Turner's syn-
drome (22%, Vernant et al., I966; Polani,
I968). Coarctation of the aorta is much less
common than in 45,X Turner's syndrome, in
which it seems to be by far the commonest
cardiovascular anomaly in older survivors,
but does occur occasionally in patients with
normal chromosomes and the features of
Turner's syndrome.

Ventricular septal defect is relatively un-
common in patients with Ullrich's syndrome,
but both anomalous pulmonary venous
drainage and hypertrophic obstructive cardio-
myopathy occur rather more often than in
control patients.

It seems also that differences exist in the
proportion with which cardiac affection is
found in the two sexes with the syndromes
under discussion (Polani, I968).

Neither the aetiology of Ullrich's syndrome,
with normal chromosomes, nor the aetiology
of the associated congenital heart disease is
known. Matolcsy (1936) described briefly the
occurrence of severe webbing in sibs, one of
them a boy of 13 years with cryptorchidism,
and Rossi and Howald (I947) described the
kinship and sibship occurrence of 'status
Bonnevie-Ullrich', the Ullrich syndrome. It
is now realized that, while the majority of
examples of Ullrich's syndrome in males and
females are sporadic, there are examples of
parent-to-child transmission (Nora and Sinha,
I967, I968; Polani, Angell, and Polani, I967)
and not only from mother to daughter. These
suggest autosomal dominant inheritance, and
there are sibship examples suggesting auto-
somal recessive transmission (Alslev and
Reinwein, I958; Solis and Schwartz, I95I;
Opitz, Sarto, and Summitt, I966; Migeon
and Whitehouse, I967; Polani et al., I967).
There are also examples related to an auto-
somal structural anomaly (Polani et al., I967;
Polanii, I969). While some of the sporadic
cases, in addition to being sporadic examples
of familial disorders, may well be phenocopies
and others, perhaps, new 'point' mutations,
the probability exists that some examples may
result from undetected chromosome muta-
tions.

The patients were referred to the Paediatric
Research Unit by many physicians and surgeons,
too numerous to acknowledge individually. We
hope that they will accept this collective acknow-
ledgment of our indebtedness to them.

We respectfully dedicate this paper to Maurice
Campbell on his 8oth birthday; and Paul Polani
recalls with pleasure and gratitude his close

research association with him and records his
indebtedness to him for his teachings and many
personal kindnesses.
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