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Abstract 
Septo-Optic Dysplasia (SOD) is a rare disorder with postulated genetic and environmental etiology. 
Whilst initially considered as a very rare disease (defined as incidence of approx. 1 in 50,000 births) 
recent data gave a reported incidence of 1 in 10,000, with equal sex distribution. The diagnosis of 
SOD is predominantly a clinical one, and made with the presence of two or more features of the clas-
sic triad: 1) hypopituitarism, 2) optic nerve hypoplasia, and 3) midline brain defects, typically absence or 
hypoplasia of the septum pellucidum and/or corpus callosum. Hypopituitarism ranges from isolated 
to multiple hormone deficits, with diabetes insipidus in a minority. The condition is heterogeneous 
and may also manifest additional brain defects. 
Although homozygous mutations in the homeobox gene HESX1 have been identified in SOD, these 
are uncommon and genetic diagnosis can be made in only < 1% of patients with autosomal recessive 
inheritance. Autosomal dominant inheritance has also been reported. SOX2, SOX3 and OTX2 muta-
tions have also been identified in some forms of SOD. The aetiology of SOD is uncertain but viral 
infections, environmental teratogens and vascular or degenerative damage have been postulated to 
account for its sporadic occurrence. Other factors (endogenous or exogenous) include parental age, 
parity, smoking, alcohol and substance abuse, antenatal bleeding, and ethnicity. Cocaine abuse during 
pregnancy, which is a potent vasoconstrictor has recently been identified as a potential external 
cause. The phenotype of SOD is highly variable; the clinical picture may include visual impairment, 
short stature, obesity and sleep-wake inversion. Approximately 75–80% of patients exhibit optic 
nerve hypoplasia, which may be the first presenting feature. Pituitary insufficiency may evolve over 
time, and children with possible SOD must be kept under careful endocrine follow-up. Untreated 
hormonal abnormalities will further jeopardize neurodevelopment of children with SOD and could 
also lead to life-threatening adrenal crises. The attention should be focussed on early diagnosis and 
treatment and education of paediatricians how to recognize this complex disorder. 
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Introduction 
Septo-Optic Dysplasia (SOD) is a hetero-

geneous disorder with a variable combination 
of midline brain defects, eye and pituitary abnor-
malities. The occurrence may be sporadic or 
familial. SOD was initially described by Reeves 
in 1941 as a congenital absence of the septum 
pellucidum. De Morsier in 1956 further depi-
cted SOD. Abnormal pituitary function was 

documented 14 years later. In 1998 mutations 
in the homebox genes HESX1/HESX1 in 
humans and mice were reported [1, 2]. 

Initially SOD was considered a very rare 
disease with an incidence of 1 in 50,000 births. 
Recent reports showed a higher incidence due 
to a careful search for the disease: 10.9/100 000 
[3] and 8.3/100 000 reported by Atapattu et al., 
2012, in a regional study in the area of the 
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West Midlands, UK) (4). Sex distribution is 
equal. The occurence may be sporadic or 
familial. 
 

Genetics of SOD 
Whilst homozygous mutations in the 

homeobox gene HESX1 have been identified in 
SOD, these are uncommon. The inheritance may 
be autosomal dominant or recessive. The pene-
trance may be variable, and the presence of a 
mutation is not always associated with a phe-
notype. 

Occasionally, one abnormal copy of the 
gene is carried with no phenotype in the parent 
but the child is affected. Screening of over 800 
patients with SOD and hypopituitarism identi-
fied mutations in less than 1% of individuals 
with HESX1 mutations [2, 5]. 

A number of other developmental genes, 
SOX2, SOX3 and OTX2, may also be invol-
ved: all extrapolated from animal studies. SOD 
in humans matches quite well with the animal 
model of the disease, where gene prioritization 
based on phenotype is proposed [6]. 

The human HESX1 gene maps to the 
short arm of chromosome 3 and consists of 4 
exons, spanning 1.7 kilobases [7]. HESX1 is a 
member of the paired-like class of homeobox 
genes and is first expressed during embryoge-
nesis, by 9.5 embryonic days, and continues 
until E13.5 days, which corresponds to 4 to 6 
embryonic weeks in humans, when progressive 
pituitary cell diferentiation occurs. Any insult 
that acts during this critical period of develop-
ment may result in serious malformations beca-
use the embryological origins of the anterior 
lobe of the pituitary, septum pellucidum, cor-
pus callosum, optic placodes and olfactory pla-
codes are very closely related. Inductor signals 
are required from the hypothalamus for normal 
pituitary growth. It apears that the pituitary 
"talks back" to the hypothalamus, so that con-
nections between them are genetically vital for 
normal development of both structures [2, 7]. 
 

Etiology of SOD is uncertain 
SOD is a story of complex interplay bet-

ween genes and environment with the influence 
of endogene factors. Viral infections, environ-
mental teratogens and vascular or degenerative 
damage have been postulated to account for its 
sporadic occurrence. Other factors (endogenous 

or exogenous) include parental age, parity, 
smoking, alcohol and substance abuse, antena-
tal bleeding, and ethnicity. Cocaine abuse during 
pregnancy, which is a potent vasoconstrictor, 
has recently been identified as a potential exter-
nal cause. Young maternal age is a risk factor 
because of the greater possibility of adverse 
antenatal exposures and abuse behaviours. 

In the study by Attapatu et al. [4] 40% of 
mothers admitted to smoking during their pre-
gnancy, 21% admitted to drinking alcohol and 
4.3% to taking recreational drugs such as coca-
ine, during pregnancy. Tornquist et al. [8] also 
demonstrated increased maternal smoking, young 
maternal age, preterm delivery and first parity 
as risk factors for optic nerve hypoplasia, whe-
reas other authors identified reduced maternal 
age, primiparity and increased caesarean section 
rate. Alcohol consumption is thought to be da-
maging to the developing brain. Consanguinity 
and ethnicity are important. South Asian fami-
lies, less likely to consume alcohol and smoke 
due to religious reasons and in spite of other 
risk factors (social deprivation, unemployment, 
young maternal age), have a lower risk of ha-
ving a child with SOD [4]. 

Kelberman and Dattani reported the first 
HESX1 mutations in SOD in two siblings from 
a consanguineous family. The mutation identi-
fied in the affected siblings resulted in the sub-
stitution of a highly conserved arginine at re-
sidue 160 (position 53 of the homeodomain) by 
cysteine (R160C) which leads to a loss of DNA 
binding of the mutant protein. The parents were 
heterozygous for the mutation and phenoty-
pically normal, consistent with an autosomal 
recessive mode of inheritance [1, 2]. 
 

SOD phenotype 
The phenotype of SOD is highly vari-

able; its clinical picture may include visual im-
pairment, short stature, obesity and sleep-wake 
inversion. Approximately 75–80% of patients 
exhibit optic nerve hypoplasia, which may be 
the first presenting feature. Pituitary insuffici-
ency may evolve over time, and children with 
possible SOD must be kept under careful endo-
crine follow-up. Elevated serum PRL and GH 
deficiency are the most common hormonal ab-
normalities (73% and 58% respectively), fol-
lowed by central hypothyroidism (39%) and 
adrenal insufficiency (31%). Neurological defi-



New insights into septo-optic dysplasia 125 

cit is common, ranging from global retardation 
to focal deficits such as epilepsy or hemipare-
sis. Untreated hormonal abnormalities will fur-
ther jeopardise the neurodevelopment of chil-
dren with SOD and could also lead to a life-
threatening adrenal crisis [2, 4]. 

Absence of septum pellucidum is present 
in 75–80% of patients, followed by absence of 
corpus callosum, cerebellar hypoplasia and chi-
zencephaly. The spectrum of congenital mid-
line defects is large and includes a large array 
of clinical phenotypes from those incompatible 
with life to severe palato/facial cleft, the condi-
tions that include various forms of holoprosen-
cephaly, SOD and agenesis of the corpus cal-
losum, with isolated cleft lip or palate and ab-
normalities in pituitary development. 

The consequences of forebrain anomalies 
are numerous and variable: fits, behavioural dif-
ficulties, learning difficulties, developmental 
delay, hemiplegia, hemiparesis and epilepsy. 

The eye is a window to rare diseases and 
SOD is the leading one. The hypoplastic optic 
nerve appears small and pale in a child with 
SOD, on ophthalmologic investigation. Optic 
nerve hypoplasia (ONH) is the first presenting 
feature in SOD and represents the major cause 
of congenital blindness. ONH may be unilate-
ral or bilateral (12% versus 88%), associated 
with anophtalmia or microphthalmia, variable 
visual impairment (complete to compensated). 
In some cases only nystagmus and poor vision 
are present. The presence of strabismus or 
nystagmus in a child with multiple congenital 
abnormalities at birth should alert an ophthal-
mologist to seek the opinion of an endocrino-
logist [9, 10]. 

The classic triad of structural hypothala-
mic and pituitary abnormalities visible on mag-
netic resonance imaging (MRI) investigation 
involves the hypoplastic anterior pituitary, pitui-
tary stalk hypoplasia/agenesia and ectopic poste-
rior pituitary. Fig 1 represents a sagittal and co-
ronal MRI scan of our patient diagnosed as 
SOD, with ONH, pituitary and stalk hypoplasia. 
Growth hormone deficiency (GHD), isolated or 
combined, was the most frequent hormonal di-
sturbance present in 40.9% in the largest cohort 
of 88 SOD patients [4]. GHD combined with 
TSH, ACTH and antidiuretic hormone defici-
ency is also possible. Delayed or early puberty 
can be explained on the basis of LH and FSH 

deficiency or hypothalamic involvement. The 
possibility of adrenal insufficiency development 
in child with diagnosis of SOD deserves special 
clinical attention. Five deaths in a large cohort 
of 88 SOD patients were registered, 3 from 
adrenal crisis, 2 from additional neurological 
problems [4]. 
 

 
Fig. 1 – Sagittal and coronal MR scan of our patient 
showing pituitary, stalk and optic nerve hypoplasia 

                                                 With the courtesy of dr Ivana Markovic 
 

Other clinical features are possible, but not 
specific, such as conjugated jaundice, hypogli-
caemia, and variable visual loss, impaired sense 
of smell and behavioral disturbances, e.g. autism 
and sleep disturbance (sleep-wake inversion).  

Many children with SOD become obese 
because of pituitary and hypothalamic dysfunc-
tion. We recommended investigation of PRL 
levels in short and obese children and we found 
that hyperprolactinaemia and obesity are com-
mon in children with microprolactinomas [11]. 
It is generally accepted that hyperprolactinaemia 
is a marker of interrupted signalling between the 
hypothalamus and pituitary. Vedin et al. demon-
strated that elevated initial serum prolactin levels 
may be a potential marker for hypopituitarism in 
children with ONH [12]. 
 

Diagnosis of SOD 
The diagnosis of SOD is predominantly a 

clinical one, based on the presence of two or 
more features of the classic triad: a) midline 
brain defects, typically absence or hypoplasia 
of the septum pellucidum and/or corpus cal-
losum, b) optic nerve hypoplasia, and c) hypo-
pituitarism, ranging from isolated to multiple 
hormone deficits, with diabetes insipidus in a 
minority. 



126 Ljiljana Saranac, Zoran Gucev 

Prenatal diagnosis may be genetic in fa-
milial occurrence and on the basis of foetal 
brain neuroimaging in familial and sporadic 
cases. MRI tells more about pituitary stalk 
interruption and absence of septum pellucidum 
than ultrasound [13, 14].  
 

Management of SOD 
Treatment of SOD is complex and multi-

disciplinary; based on cooperation of at least 3 
specialists (neurologist, ophthalmologist and 
endocrinologist). The mainstay of the treatment  

is   is endocrine replacement therapy. Despite ge-
neral success this has many intrinsic hidden 
imperfections. SOD needs lifelong monitoring. 
Growth hormone treatment is rewarding; KIGS 
data on long-term effects of GH substitution in 
395 subjects with SOD showed excellent re-
sults [15]. Our experience is also favourable. 
Fig 2 shows growth normalization during GH 
treatment in a girl with SOD and combined 
deficiency of GH, TSH and ACTH. However, 
the prognosis in SOD patients remains dubious. 

 

 
Fig. 2 – Growth curve of our patient with SOD during GH treatment 

 
Conclusion 
SOD is the result of a complex interac-

tion between genetics and environment. The 
understanding of this is still incomplete. Fur-
ther study of critical factors may shed light on 
the aetiology of SOD. Some children experi-

ence a whole spectrum of SOD, from blurred 
vision and short stature to life-threatening adre-
nal crisis. The attention should be focussed on 
early diagnosis and treatment and education of 
paediatricians in how to recognize this complex 
disorder. 
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Ре зиме 
 
НОВИ СФАЌАЊА ЗА SEPTO-OPTIЧKAТА  
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Septo-opti~kata displazija e retko 
нарушuvawe so preтpostаvena genetska i etio-
logija na faktori na okolinata. Procenata 
za nejzinata za~estenost se menuva nagore: 
od 1 во 50.000 ra|awa na 1/10.000 ra|awa, so 
ednakva polova distribucija. SOD dijagno-
zata e klini~ka vrz osnova na два od vkupno 
три dela na klasi~nata trijada: 1) hipopi-
tuitarizam; 2) hipoplazija na opti~kiot nerv; 
i 3) defekti na srednata linija na mozokot, 
obi~no oтsуstvo ili hipoplazija na septum 
pellucidum i/ili corpus callosum. Hipopituita-
rizmot mo`e da e izoliran ili multiplen, so 
insipiden dijebetес kaj pomal broj slu~ai.  

Homozigotni mutacii na homeoboksni-
ot gen HESX1 se opiшani kaj pacienti so 
SOD, tie se retki i se opiшani > 1% od pa-
cientite. Opiшani se avtoзomno dominantno 
i avtoзomno recesivno nasleduvawe. SOX2, 
SOX3 i OTX2, isto taka, se opiшani. Pokraj 
genetskite, vo etiologijata na SOD se impli-
cirani i virusim teratogeni, kako i vаskular-
no i degenerativno o{tetuvawe. Isto taka, 
svoj udel imaat vozrasta na roditelite, pu-
{ewe, alкohol, drogi, antenatalno krvaвewe i 
etni~ka prisуtnost. Fenotipot e varijabilen: 
нарушuvaњe na vidot, nizok rast, дебелина, in-
verzija na son-budnost. 75‡80% od pacientite 
imaat hipoplazija na opti~kiot nerv, a pitui-
tarnata insuficiencija mo`e da se pojavi 
podocna, {to e fakt koj bara sledewe na ovie 
pacienti. Adrenalnata kriza mo`e da e `i-
votнo zagrozuva~ka. Potrebno e da se insisti-
ra na rana dijagnoza, lekuvawe, sledewe na 
bolesta, kako i edukacija na lekarite za rano 
otkrivawe na bolesta.  
 
Klu~ni zborovi: septo-opti~ka displazija, hipo-
pituitarizam, mozo~ni anomalii. 

 


