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Autosomal dominant simple microphthalmos
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Abstract

Congenital bilateral microphthalmeos is a
rare malformation of the eye, which ranges
from extreme to mild reduction of total
axial length. Microphthalmos may occur
as an isolated ocular abnormality or as
part of a systemic disorder, and different
classifications of the condition have been
attempted.

We describe a large pedigree with 14
persons in four generations affected with
bilateral microphthlamos without other
ocular or systemic signs. An autosomal
dominant trait with complete penetrance
is proposed. Five subjects underwent a
complete ophthalmological evaluation.
The total axial length was measured by A
scan ultrasonography in all persons. Ul-
trasonography showed a reduction of the
total axial length (range 18-4-19-7 mm) and
a reduced vitreous cavity length (range
11-4-13-5 mm) in all investigated patients.
All the patients had microcornea (range
8-9-7mm). No other ocular anomalies or
associated systemic malformations were
found.

A review of published reports also sug-
gests that simple, partial, posterior, pure
microphthalmos and nanophthalmos are
similar clinical entities sharing total axial
length and vitreous cavity length re-
duction. Therefore, the term simple mi-
crophthalmos is proposed to identify these
clinical conditions.

(F Med Genet 1994;31:721-725)

Congenital bilateral microphthalmos is a rare
malformation of the eye and ranges from mild
to extreme reduction of total axial length
(TAL). Microphthalmos may occur as an isol-
ated ocular abnormality, and different clas-
sifications of this condition have been
attempted. Simple microphthalmos,'? pure
microphthalmos,’ partial microphthalmos,’
posterior microphthalmos,*” and nanoph-
thalmos®?° are terms used to describe a non-
syndromic clinical pattern in which the eye is
essentially normal except for its short TAL. In
the past, the diagnosis was based on clinical
signs, 381113161921242528 The introduction and
recent improvement of ultrasonographic
techniques®*7 4172022 ha5 allowed a more pre-
cise diagnosis, contributing to an accurate as-
sessment of the anterior—posterior segment
ratio of the eye.?'

Most cases of non-syndromic micro-
phthalmos are sporadic’’?** and only a few
familial cases with autosomal recessive in-
heritance have been described.>7 1318202326 Pe(d-

igrees with autosomal dominant inheritance
have been reported by Frangois,” Romano ez
al,®' and Hussel,? but in these families the
affected subjects were often mentally retarded.
Only Bateman® observed a three generation
family with non-colobomatous microph-
thalmos dominantly inherited with incom-
plete penetrance and variable expressivity,
the clinical features ranging from unilateral
microphthalmos to clinical bilateral an-
ophthalmos. Sjogren and Larsson® also de-
scribed one large and two small pedigrees with
autosomal dominant inheritance, although
male to male transmission was not observed.

We describe a five generation pedigree with
14 subjects affected with bilateral mi-
crophthalmos not associated with other ocular
or systemic signs. After Sjogren and Larsson’s
first report in 1949, this is, to the best of our
knowledge, the second description of a large
pedigree showing autosomal dominant in-
heritance with complete penetrance. This study
also prompted a review of published reports to
verify if microphthalmos and nanophthalmos
are the same clinical entity.

Materials and methods

The pedigree, shown in fig 1, with 14 affected
subjects in five generations, was ascertained
from a proband affected with simple mi-
crophthalmos. Four further family members
were investigated as follows. (1) Detailed med-
ical history to identify: age of onset; ocular
signs or symptoms that have been associated
with the disorder; ocular medical and surgical
procedures; systemic disorders. (2) Oph-
thalmological evaluation involved: best cor-
rected far and near visual acuity (BCVA) with
Pannarale’s astigmometric charts*?; assessment
of motility and binocularity; examination of the
anterior segment by slit lamp biomicroscopy;
intraocular pressure by applanation tonometry
and, automatically, by Keeler Pulsair (Keeler
Instruments Inc, Broomell, USA); fundus ex-
amination by binocular indirect oph-
thalmoscopy and biomicroscopy; TAL, anterior
chamber depth, lens thickness, and length of
the vitreous cavity were measured on the ante-
roposterior axis with A scan ultrasonography.
Particularly, the Ophthalmoscan Mini-A (Al-
con/Biophysic, Clermont-Ferrand, France)
was used with a transducer probe with a contact
technique, except for the anterior chamber
depth which was measured with the immersion
technique. Two measurements were performed
for each eye. The eye length was expressed
in mm, using different ultrasound velocities:
1532 m/s in the anterior chamber, 1641 m/s in
the lens, and 1532 m/s in the vitreous.!* An-
terior chamber depth was calculated from the
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Table 1 Summary of the clinical and biometric findings in five patients with simple microphthalmos

A scan ultrasonographic data*

CD ACD LT VCL TAL
Pedigree Age Sex Eve Visual Refraction  Ocular status MV 11-34 2:91 4-3 15-26 23:37
No acuity (SD 0-42) (SD 0-31) (SD 0-29) (SD 0-69) (SD 0-75)
115 5 M R LP UN Nystagmus, glaucoma, corneal 8 UN UN UN UN
opacification
L LP UN Nystagmus, glaucoma, corneal 8:6 UN UN UN UN
opacification
I11-6 65 M R LP UN Nystagmus, glaucoma, corneal 9-5 UN UN UN UN
opacification
L LP UN Nystagmus, glaucoma, corneal 97 UN UN UN UN
opacification
V-5 31 M R HM +9+2/95 Hypertensive uveitis, cataract, 8 2:6 42 12-6 19-4
thickened choroid
L HM +8+1-5/80 Hypertensive uveitis, cataract, 8 2:6 4-2 12-1 189
thickened choroid
IV-12 27 F R 0-7 +4+2/110 Hypertensive uveitis, cataract, 88 2 4-3 13-4 197
thickened choroid
L 0-4 +3+1-5/80 Hypertensive uveitis, cataract, 89 2 4-2 135 19:7
thickened choroid
V-8 11 F R 1 +3/100  Normal 8 2-8 4-2 11-4 184
L 1 +4-5/80 Normal 8 2-8 4-2 11-4 18-4

* All measurements are expressed in millimeters. LP =light perception. HM =hand motion. UN =undefined. MV =mean normal reference values. CD = corneal
diameter. ACD =anterior chamber depth. LT =lens thickness. VCL =vitreous cavity length. TAL =total axial length.
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Figure 1 Pedigree with simple microphthalmos showing autosomal dominant inheritance with complete penetrance.

posterior edge of the corneal spike to the leading
edge of the anterior lens spike; lens thickness
was measured from the leading edge of the
anterior lens spike to the leading edge of the
posterior lens spike. Anterior segment length
was measured from the anterior edge of the
corneal spike to the posterior edge of the lens
spike. The vitreous cavity length (posterior seg-
ment) was calculated from the leading edge of
the posterior lens spike to the leading edge
of the retinal spike. Ultrasonographic normal
ocular values from Francois and Goes'* and
Weiss et al®> were considered for comparison.

Results

The five generation pedigree reported here
shows autosomal dominant inheritance of the
disease with complete penetrance (fig 1). Five
affected subjects, ranging between 8 and 64
years of age, have been examined clinically; the
diagnosis of simple microphthalmos has been
ultrasonographically confirmed in three cases,

whereas coarse nystagmus precluded ultra-
sonographic evaluations in the remaining two
cases (patient III-5 and III-6). No patient
showed systemic symptoms or signs. The oph-
thalmological data for each patient are sum-
marised in table 1.

PATIENT III'5

This 59 year old male had onset of his first
symptoms in the first decade of life. He ex-
perienced complications of glaucoma and pro-
gressive loss of visual acuity. Light perception
in OU occurred at about 15 and jerk nystagmus
ensued. Anterior segment examination showed
a reduced corneal diameter (RE: 8 mm; LE:
8:-6 mm); other ophthalmological evaluations
were precluded by corneal opacification. Ul-
trasonography was not performed because of
the jerk nystagmus.

PATIENT III-6
This 65 year old male presented virtually the
same clinical history and condition as patient
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Table 2 Comparison of the biometric data of simple microphthalmos
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Biometric findings
Reference CD ACD LT VCL TAL Lens:eye Inheritance  Diagnosis
ratio
3 NR NR Normal NR 16-18-5 NR NR Nanophthalmos
19 5-5-5 NR Normal NR 19 NR NR Nanophthalmos
9 10 NR NR NR 13-17 NR NR Nanophthalmos
11 <l11-1 <2-45 NR NR NR NR NR Nanophthalmos
13 NR NR NR NR 15-16-25 NR AR Nanophthalmos
17 10-10-7 NR NR NR 15-18 11-32% NR Nanophthalmos
10 NR NR NR NR 15-20 NR NR Nanophthalmos
4 NR 3-67 4-1 7-04 14-81 NR NR Posterior microphthalmos
25 NR NR NR NR NR NR NR Nanophthalmos
20 10-5 1-7-2-54 5-1-6-26 (7-7-9-4)* 16-2-165 NR AR Nanophthalmos
22 9-5-11 1-2-7 4-2-7-26 (9-3-10-549)*  14-5-20'5 4-25% NR Nanophthalmos
5 10-5-11-5 3-5-3-7 3-9-4 9-1-10 16:7-17-5 NR AR Posterior microphthalmos
8 NR NR NR NR NR NR AD Non-colobomatous microphthalmos
28 11-5 NR NR NR 16 NR NR Nanophthalmos
6 11-11-9 2:9-3-6 445 8:1-9-2 15-4-16-8 NR AR Posterior microphthalmos
27 NR NR 5-64-5-58 NR 21 NR Nanophthalmos
16 NR NR NR NR NR NR NR Nanophthalmos
18 11 1-2-2-5 4-1-4-6 (9:3-12-2)* 16-1-17-5 NR AR Nanophthalmos
7 11 3-3-5 Normal NR 14-2-15-17 NR AR Posterior microphthalmos
2 10-5-11-5 Normal Normal 10-5-13 17-20-8 NR NR Simple microphthalmos
12 NR NR 4-2-4-6 NR 15-7-20-5 NR NR Nanophthalmos
24 NR NR NR NR 15-5-20-3 NR NR Nanophthalmos
21 NR NR NR NR 19 NR NR Nanophthalmos
This study 8-9-7 2-2-8 42-43 11-4-13-5 18-4-19-7 UN AD Simple microphthalmos

CD =corneal diameter. ACD =anterior chamber depth. LT =lens thickness. VCL =vitreous cavity length. TAL =total axial length. AR =autosomal recessive.
AD =autosomal dominant. NR=not reported.
()*measurements obtained by us on available data.

III-5. Ultrasonography was not performed for
the same reasons above.

PATIENT IV'5

This 31 year old male had onset of first symp-
toms of recurrent ocular hypertension and red-
ness at the age of 10. The diagnosis of the
disease was established in the first year of life,
as was the presence of microcornea. His best
corrected visual acuity was hand movements
in OU. Slit lamp examination showed a com-
plicated posterior spongioid-like cortical cat-
aract in both eyes. No fundus abnormalities
were ophthalmoscopically evident, besides se-
vere glaucomatous disc cupping and atrophy.
A scan ultrasonography measurements showed
TAL reduction (RE: 19-4 mm; LE: 18-9 mm)
and a reduced vitreous cavity length (RE:
12:6 mm; LE: 12-1 mm) in both eyes. Anterior
chamber depth and lens thickness were normal
in OU. The presence of choroidal thickening
was also observed on ultrasound (1-7 mm bi-
laterally). He is currently on daily topical treat-
ment with beta blockers and acetazolamide to
prevent painful ocular hypertensive relapses.

PATIENT Iv-12

This 27 year old female patient did not notice
any symptoms until the age of 22, when she
first experienced glaucomatous uveitis. Her
best corrected visual acuity was 0-7 RE and 0-4
LE with hyperopic and astigmatic correction.
Corneal diameter reduction was bio-
microscopically observed with an increased
corneal thickness, more pronounced during the
hypertensive uveitis relapses. For this reason,
she is currently on daily treatment with topical
beta blockers, mydriatics, and steroids, and
on oral acetazolamide at variable dosages.
Mild posterior cortical opacities were
biomicroscopically observed in both eyes.
Examination of the patient showed retino-
choroidal thickening in both eyes. The TAL
was ultrasonographically reduced in both eyes
(19-7mm) as well as the vitreous cavity (RE

13-4 mm, LE 13-5 mm) and the anterior cham-
ber depth (2 mm). Choroidal congestion was
confirmed by ultrasonography (1:9 mm OU).

PATIENT V-8

This 11 year old girl, daughter of patient IV-5,
reported no symptoms related to the disease.
Best corrected visual acuity was 1-0 in OU and
a high astigmatism was found. Her oph-
thalmological examination was unremarkable,
with the exception of microcornea. Ultra-
sonographic measurements were all within nor-
mal limits, except for TAL (18-4 mm OU) and
the vitreous cavity length (11:4 mm OU)).

Discussion
In this study five patients were diagnosed as
having microphthalmos based on TAL re-
duction (table 1). All of them also showed
microcornea. Regarding this clinical as-
sociation, Weiss et al® related the presence of
microcornea to a TAL less than 18 mm. This
is in agreement with other authors,”'”'*** who
reported microcornea coexisting with mi-
crophthalmos with TAL ranging between 13
and 20-5mm (table 2). On the other hand,
normal corneal diameters were found in several
studies (table 2).2°¢!'2228 To the best of our
knowledge, this clinical association has not
been considered from a genetic point of view.

Microcornea may occur as an isolated an-
omaly and can be either the result of en-
vironmental factors® or can be transmitted as
an autosomal dominant trait.>® Accordingly,
environmental factors can determine non-
syndromic microphthalmos.’* Most of the
published familial cases of microphthalmos
show an autosomal recessive mode of trans-
mission,> 713182026 byt recessive X linked
pedigrees have been also described.’” Only
Bateman® and Sjégren and Larsson?® described
pedigrees in which non-colobomatous micr-
ophthalmos was inherited as an autosomal
dominant trait.

The reasons for such wide genetic het-
erogeneity are not clear. However, recent ad-
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Figure 2 Total axial length of the right eye measured in
case IV-12.

Figure 3 Anterior chamber depth of the left eye measured
in case IV-12.

Figure 4 Lens thickness of the left eye measured in case
v-12.

vances in the field of molecular genetics might
help in clarifying this issue. In fact, different
mutations at the same locus were found to
cosegregate with the disease phenotype in
families with both autosomal dominant and
autosomal recessive inheritance.”® This con-
sideration might help to explain the clinical
and genetic heterogeneity of microphthalmos.

Our pedigree shows an association between
microphthalmos and microcornea, both in-
herited as an autosomal dominant trait. This
clinical association has also been previously
reported, both as a sporadic®®!'!'"1°?? and a
familial finding,’?° but so far no explanation
for this co-occurrence has been attempted. In
our opinion, it could be speculated that con-
tiguous genes are involved in the family de-
scribed here.

In addition, environmental factors may in-
terfere both during organogenesis, involving
the entire eye globe, causing microphthalmos
or anophthalmos, and eye differentiation, de-
termining local growth abnormalities that can
produce specific ocular defects.® In fact, it
is known from experimental studies that the
diameter of the cornea is determined by the size
of the retinal cup, so that growth retardation of
the eye would entail a reduction of a qual-
itatively normal cornea as well.***! Therefore,
a factor that interferes with optic vesicle de-
velopment can produce a small retinal cup, so
that the mesenchymal layer from which the
corneal stroma and endothelium derive has no
room for proper growth (although qualitatively
normal), while the ectodermic lens vesicle
keeps growing into an overall small eye. On
the other hand, a late factor can interfere only in

Figure 5 Vitreous cavity length of the right eye measured
in case IV-12.

posterior segment differentiation, determining
microphthalmos without anterior segment ab-
normalities, while a local disturbance of corneal
growth can explain microcornea without re-
duced axial length.

Therefore, both conditions are possible, that
is, to observe a severe reduction in TAL with
no developmental defects of the cornea, and,
as in our pedigree, the presence of microcornea
with mild TAL reduction. The autosomal dom-
inant inheritance of both microcornea and mi-
crophthalmos observed in our five generation
pedigree suggests that a gene cluster defect is
more likely to play a role than environmental
factors. Since microphthalmos can occur either
with or without microcornea, we suggest that
microcornea should not be considered as a
parameter for classification of microphthalmos.
However, the diagnosis of microcornea should
always prompt a careful clinical and biometric
evaluation to establish the possible coexistence
of microphthalmos.

In our study, TAL values ranged between
18:4 mm and 19-7 mm, indicating a mild form
of microphthalmos (fig 2). Anterior chamber
depth was normal in IV-5 and in V-8, while it
was shallow in IV-12 (table 1) (fig 3). Lens
thickness was normal in all subjects (table 1)
(fig 4). Therefore, on ultrasonography, anterior
segment length was within the normal range in
all three persons examined, while a pronounced
reduction of the posterior segment was seen
in all cases (table 1, fig 5). This observation
indicates that the impaired growth of the pos-
terior segment length is responsible for the
determination of TAL reduction in simple mi-
crophthalmos. This is in agreement with Weiss
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et al,” who reported the values for the posterior
segment length to be uniformly below (at least
2 SD) the mean for age in 10 patients affected
with simple microphthalmos. Therefore, they
emphasised that the vitreous cavity length re-
duction accounted for 90% of the reduction in
TAL.

Other authors have previously identified the
same clinical condition by the term posterior
microphthalmos. In fact, Fried et al,* and Spitz-
nas et al,’ Fledelius and Rosenberg,® and Meire
et al’ described eyes with short TAL owing
to disproportionately short posterior segment
length, while the anterior segment fell within
normal values (table 2). Very recently, War-
burg® identified this clinical condition with
the term partial microphthalmos. In addition,
several authors®? (table 2) have used the term
nanophthalmos to indicate short eyes, without
other systemic or ocular abnormalities. Ac-
cording to Duke-Elder,’ the typical TAL of
nanophthalmos was between 16 and 18-5 mm,
and this biometric finding has been until re-
cently considered the only useful parameter for
the diagnosis of nanophthalmos. In most cases
ultrasonographic measurements on nan-
ophthalmic eyes were not performed and re-
viewing published reports allowed us to note
that only in a few studies on nanophthalmic
eyes was the anterior chamber depth and lens
thickness calculated (table 2).'#2°? Particularly,
in these investigations the reported ultra-
sonographic measurements allowed us to es-
timate the values for the anterior and posterior
segments. In all measurable cases the former
fell within the normal range, while the latter
were shortened (table 2). This is not in agree-
ment with the clinical classification proposed
by Warburg,'! who identified nanophthalmos as
total microphthalmos characterised by a re-
duction of both anterior and posterior seg-
ments.

In conclusion, to our knowledge, this is the
first described pedigree showing an association
of simple microphthalmos and microcornea,
possibly owing to a cosegregation of two con-
tiguous genes, suggesting an independently in-
herited autosomal dominant trait with
complete penetrance.

Clinical and ultrasonographic findings from
our study, together with published data, lead
us to believe that nanophthalmos and pure,
partial, simple, posterior microphthalmos are
synonymous terms to indicate a unique clinical
entity with a common ultrasonographic re-
duction of the posterior segment of the eye and
a normal anterior segment. Therefore, it could
be suggested that these might be super-
imposable conditions and can be identified
with the definition of simple microphthalmos,
according to Weiss et al.?
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