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Abstract
Aims/background—Females with Turner
syndrome commonly exhibit ophthalmo-
logical abnormalities, although there is
little information in the literature docu-
menting findings specific to Turner syn-
drome mosaics. Ophthalmic findings are
described in four patients with mosaic
Turner syndrome. All had anterior cham-
ber abnormalities and all four had karyo-
typic abnormalities with a 45, X cell line.
The possible relation between the karyo-
typic and the phenotypic findings in these
patients is discussed.
Methods—Four girls with mosaic Turner
syndrome underwent a full ophthalmo-
logical assessment, including examination
under anaesthesia where indicated.
Results—Three of the four patients pre-
sented with congenital glaucoma. Two had
the karyotype 45, X/46, X, idic(Y) and one
a 45, X/47, XXX karyotype. The remaining
child had a Rieger malformation of the
iris and the karyotype 45, X/46, X, r(X).
Conclusions—These findings suggest that
Turner syndrome mosaicism (where there
are two abnormal cell lines) is associated
with anterior segment dysgenesis. The
findings in these four patients are com-
pared with those seen in other mosaic
phenotypes and it is postulated that the
presence of two or more genetically diVer-
ent cell lines may have an adverse eVect on
anterior segment development.
(Br J Ophthalmol 1997;81:639–643)

Turner syndrome1 was first described in 1938
and is a condition in which there is an absence
or structural abnormality of one X chromo-
some in phenotypic females. The cardinal fea-
tures are short stature, left sided congenital
heart defects, and ovarian dysgenesis. The
incidence of the syndrome is estimated to be 1
in 3000 live births.2 Common ocular findings
in Turner syndrome include strabismus, ptosis,
hypertelorism, epicanthus, and red-green col-
our deficiency.3–8 Ocular hypertension and
glaucoma have also been reported,6 9 but most
reports of ocular findings have not provided
karyotypic information. We report four girls
with anterior segment dysgenesis who all had
karyotypes consistent with Turner syndrome
mosaicism.

Materials and methods
The clinical details of four patients seen both
in the paediatric ophthalmology clinic and in

the department of clinical genetics are pre-
sented. All patients underwent full general and
ophthalmic examination. Three had examin-
ation of their eyes under anaesthesia. A
detailed chromosome analysis was carried out
on each of the four patients.

Results
CASE 1
This child was born at term weighing 2.5 kg.
At 2 months of age her parents noted that she
had watering, photophobic eyes, and that her
left eye appeared larger than her right (Fig 1A).
Ophthalmic examination revealed the left cor-
nea to be cloudy and oedematous with splits in
Descemet’s membrane (Fig 1B). At subse-
quent examination under anaesthesia corneal
diameters of 11 mm on the right and 12.5 mm
on the left were found, with raised intraocular
pressure (IOP) in the left eye. Gonioscopy
demonstrated bilateral iris hypoplasia with
trabeculodysgenesis in the left eye, but no sig-
nificant optic disc cupping. A nasal goniotomy
was performed on the left eye. The IOP
initially fell but by 9 weeks postoperatively it
had risen again (to 18 mm Hg) with a
corresponding increase in corneal diameter to
13 mm. A temporal goniotomy was therefore
performed. Subsequently the IOP remained
controlled and the cornea cleared. The child
also exhibited marked anisometropia (−0.50/+
1.00 axis 90 right, −9.50 DS left) and left
esotropia.
She was referred on to a paediatrician

because of failure to thrive. Routine investiga-
tions carried out at that time revealed that her
karyotype was 45, X/46, X, idic(Y) (Fig 1C),
with 22/30 cells containing an isodicentric Y
chromosome. This karyotype is consistent with
Turner syndrome mosaicism. Her growth and
hormonal status are currently being monitored
and gonadectomy has been discussed, because
of the significant risk of malignancy developing
in her dysgenetic gonads in the presence of Y
chromosome material. At 12 months of age
forced choice preferential looking tests indi-
cated visual acuities of 20/100 on the right and
20/400 on the left. A daily wear soft contact
lens was fitted to the left eye and occlusion
therapy of the right eye commenced. Subse-
quently her left eye myopia has reduced to
−4.50 DS. Currently, visual acuity is 6/6 right,
6/12 left (CardiV acuity cards), the left IOP is
16 mmHg, both optic discs appear normal and
her esotropia is stable. Her growth continues
parallel to the 3rd centile (50th centile for
Turner syndrome) without growth hormone
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replacement and her development is within
normal limits.

CASE 2
This child was born at term weighing 2.9 kg.
Her parents were concerned about her vision
from the age of 6 weeks noting her watering
eyes and photophobia. At 5 months of age she
presented to the paediatric department with an
additional symptom of excessive drowsiness
and was investigated for a possible viral
infection. She was referred on for an ophthal-
mic opinion. On examination both corneas
were enlarged (Fig 2A) and cloudy. Examin-
ation under anaesthesia revealed corneal diam-
eters of 13.5 mm, corneal oedema, and splits in
Descemet’s membrane bilaterally. The IOPs
were 24 mmHg on the right and 20 mmHg on
the left. A right inferior goniotomy and a left
upper temporal quadrant trabeculotomy were
performed. Examination under anaesthesia 2
weeks later showed persistence of raised right
IOP and a nasal goniotomy was performed.
Subsequently IOPs have remained controlled
and the optic discs appear normal.
A routine chromosome analysis showed that

50% cells had a 45, X karyotype and 50% were
46, X, idic(Y) (Fig 2B). At 9 months, length
and weight were on the 3rd centile and head
circumference on the 10th–25th centile. She
had no obvious dysmorphic features and a car-
diac echo and renal ultrasound scan were both
normal. At the age of 12 months she
underwent a gonadectomy, the histology report
confirming streak gonads. On review at 21⁄2
years her intellectual development was normal,
but she had persistent photophobia. She had a
low hypermetropic refractive error and visual
acuity was 6/9 right, 6/12 left (Kays pictures).

Figure 1 Case 1. (A) Left corneal enlargement. (B) Splits in Descemet’s membrane of the left cornea. (C) Karyotype of
the abnormal cell line, 46, X, idic(Y). Arrows on the karyotype indicate the X and isodicentric (Y) chromosomes.

Figure 2 Case 2. (A) Bilateral corneal enlargement.
(B) Karyotype of the abnormal cell line, 46, X, idic(Y).
Arrows on the karyotype indicate the X and isodicentric
(Y) chromosomes.
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Ocular motility was normal and she had good
binocular function. Growth hormone treat-
ment was started at age 4 years 2 months.

CASE 3
This child was born at term weighing 2.95 kg
and was noted to have an imperforate anus.
Anoplasty was subsequently carried out. She
has a brother and a half sister with unexplained
developmental delay. Her sister also had
duodenal atresia. Chromosome analysis re-
vealed a 45, X/47, XXX karyotype (Fig 3A)
with 18/30 cells containing 47, XXX. She was
referred to the genetic clinic where large
cloudy corneas were noted. A diagnosis of con-
genital glaucoma was confirmed in the oph-
thalmology clinic. Examination under anaes-
thesia revealed corneal diameters of 14.25 mm
on the right and 14.5 mm on the left (Fig 3B),
with bilateral Descemet’s membranes splits.
Applanation IOPs were 20 mmHg on the right
and 21 mm Hg on the left. There was no clear
fundal view due to corneal oedema. Bilateral
trabeculotomies were performed followed by
bilateral inferior goniotomies. Her most recent
assessment at the age of 14 months showed
IOPs of 10 mm Hg on the right and 9 mm Hg
on the left with corneal diameters of 14 mm
and 14.25 mm respectively. Both optic discs
are deeply cupped. Growth has been entirely
normal but she has mild developmental delay.
This latter problem may be attributable to the
presence of the 47, XXX cell line or could pos-
sibly be related to the developmental problems
in her siblings. Both of these have been investi-
gated extensively, but no cause has been found
for their learning diYculties. Imperforate anus
is not a common finding in sex chromosome
abnormalities and is unlikely to be related to
the karyotype findings in case 3.

CASE 4
This child was born at 37 weeks’ gestation
weighing 2.3 kg. Her parents noted a squint in
early infancy. At 12 months of age she was
referred to the paediatric ophthalmology clinic
where abnormal irides, suggestive of Rieger
anomaly, were noted. She was also found to be
small for her age, with height and weight both
below the 3rd centile. She had some minor
dysmorphic features including down slanting
palpebral fissures and prominent ears. Her
intellectual development was normal. At 2
years of age a heart murmur was noted and a
bicuspid valve was diagnosed on echocardio-
gram. At 5 years of age endocrine investiga-
tions carried out because of poor growth
suggested hypergonadotrophic hypogonadism
and a chromosome analysis revealed that she
had mosaic Turner syndrome with a 45,
X/46,X,r(X) karyotype (Fig 4A).
Ophthalmology review at this time con-

firmed the presence of iris changes consistent
with Rieger malformation (Fig 4B and 4C).
Visual acuity was 6/9 with each eye and her
corneas were normal. Ocular motility examin-
ation showed a small exophoria measuring 8
prism dioptres with good stereoacuity. Follow
up has shown her IOPs to lie at the upper end

(18–21 mm Hg, pulsair) of the normal range
and both optic discs have remained healthy
with no significant cupping. Visual acuity, exo-
phoria, and stereoacuity have remained stable.
She is currently being treated with growth hor-
mone to which she has shown a moderate early
response.

Discussion
We report four patients with mosaic Turner
syndrome and anterior segment dysgenesis. All
had a mosaic karyotype with a 45,X cell line
and a further abnormal cell line. Two patients
had a 46,X,idic(Y) cell line, one a ring X cell
line, and one a 47, XXX cell line. Sex chromo-
some mosaicism is the commonest type of
mosaicism found in humans. The presence of
an abnormal cell line at conception is likely to
cause mitotic instability giving rise to mosai-
cism. The presence of two or more cell lines
might also suggest chimerism, but this is a
much rarer occurrence.10

Anterior segment dysgenesis is not a com-
mon feature in Turner syndrome although
ocular abnormalities, particularly strabismus,
are found in 22%.11 The variation in karyotype
between the four patients suggests that the
anterior segment dysgenesis may not be due to

Figure 3 Case 3. (A) Karyotype of the abnormal cell line,
47, XXX.Arrows on the karyotype indicate the three X
chromosomes. (B) Bilateral corneal enlargement.
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the karyotype itself, but may possibly be a phe-
notypic manifestation of mosaicism. Defects of
the anterior segment have been reported previ-
ously in association with other mosaic pheno-
types such as hypomelanosis of Ito12 13 and in
females aVected by X linked disorders such as
Gorlin-Goltz syndrome.14 The latter individu-
als are by definition, functional mosaics as a
result of the process of inactivation of one X
chromosome by lyonisation.15 In the human
female, one of the two X chromosomes is ran-
domly inactivated in early embryonic life and
becomes visible as the sex chromatin or ‘Barr
body’ under the nuclear membrane. The
descendants of each cell retain the same X
chromosome with either the maternal or the
paternal cell being active. A female who has an
X linked trait will be a mosaic with two popu-
lations of cells, one with the normal X and one
with the ‘abnormal’ X functioning.
It has been proposed that the anterior

segment of the eye develops from mesenchyme
of neural crest origin which migrates centrally
from the rim of the optic cup, and that
disorders such as Axenfeld anomaly, Rieger
anomaly, and Peter’s anomaly arise as a result
of defective migration of neural crest cells. The
neural crest also plays a part in the pigmenta-
tion of the hair, iris, choroid, and skin. Neural
crest cells in the skin migrate along the lines of
Blaschko which run circumferentially around
the trunk and longitudinally down the limbs.
Streaky cutaneous pigmentation following the
lines of Blaschko can be demonstrated in
several mosaic phenotypes including hy-
pomelanosis of Ito16 and incontinentia
pigmenti.17 18 The hypopigmented areas have a
reduced number of melanocytes, thought to be
due to defective migration of melanoblasts
from the neural crest. We suggest that the pres-

ence of two or more diVering cell lines could
lead to defective neural crest cell migration and
thereby to anterior segment dysgenesis in
mosaic phenotypes. In general, girls with
Turner syndrome mosaicism have a lower inci-
dence of physical problems than those with a
45, X karyotype in every cell. They may, how-
ever, be at higher risk of anterior segment dys-
genesis, particularly where both mosaic cell
lines are abnormal, and a routine ophthalmic
examination is warranted in this group. Con-
versely, a chromosome analysis is indicated in
female patients presenting with anterior seg-
ment dysgenesis or congenital glaucoma.
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