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Abstract: Septo-optic dysplasia (SOD), also known as de Morsier syndrome, is a rare
congenital disorder belonging to the group of mid-line brain malformations. Despite the highly
variable phenotypic penetration, its classical triad include a) optic nerve hypoplasia (ONH), b)
agenesis of septum pellucidum and corpus callosum, and c¢) hypoplasia of the hypothalamo-
pituitary axis. SOD has stringent diagnostic criteria requiring 2 or more features of the classic
triad, therefore it represents a separate entity from other conditions such as ONH and achiasmia
syndromes which share only some of these aspects, or SOD plus syndrome which is char-
acterized by additional cortical abnormalities. Starting from its etiology and epidemiology, this
narrative review focuses on the management of SOD patients, including their diagnosis,
treatment and follow-up. To date, SOD is not curable; nonetheless, many of its symptoms
can be improved through a tailored approach, consisting of hormonal replacement, corrective
ophthalmological surgery and neuropsychological support.

Keywords: septo-optic dysplasia, optic nerve hypoplasia, hypopituitarism, achiasmia,

hydrocephalus, congenital visual loss

Plain Language Summary

Septo-optic dysplasia (SOD) syndrome is a rare congenital disorder belonging to the mid-line brain
malformations group; even though the phenotypic penetration can be highly variable resulting in a
wide heterogeneity, its classical triad includes optic nerve hypoplasia (ONH), agenesis of septum
pellucidum and corpus callosum, hypoplasia of the hypothalamo-pituitary axis. Initial patients’
referrals for suspected cases of SOD are due to loss of vision in one of both eyes, developmental
delay, seizures, sleep disturbances and precocious puberty. Following an in-depth description of the
frequency and causes of this syndrome, this narrative review will focus on its clinical presentation.
Although SOD is not curable, many aspects of SOD syndrome can be improved through a tailored
approach which may include hormonal replacement, corrective ophthalmological surgery and

active neuropsychological support.

Introduction

Septo-optic dysplasia (SOD) syndrome, a congenital disorder belonging to the mid-line
brain malformations group, was firstly described in 1956 by the French-Swiss neurologist
Georges de Morsier." Even though the phenotypic penetration can be highly variable
resulting in a wide heterogeneity, its classical triad includes the following:

(i) Optic nerve hypoplasia (OHN)
(i) Agenesis of midline structures (namely septum pellucidum and corpus callosum)
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(iii) Hypoplasia of the hypothalamo-pituitary axis

SOD has stringent diagnostic criteria requiring 2 or more
features of the classic triad, so that only up to 30—47% of
patients diagnosed with this condition will present all the
features. Additionally, ONH may occur in the context of
ONH syndrome, which does not fulfill the SOD definition
provided above despite being oftentimes wrongly used
synonymously, and this certainly results in a misnomer
and represents the source of confusion. In fact ONH
tends to be more frequent and seems to have different
etiology.> On the other hand, patients with SOD can also
present other specific brain abnormalities (such as hydro-
cephalus, polymicrogyria, grey matter heterotopias, etc.)
on top of those described above; for this reason, some
authors have proposed different definitions and classifica-
tions. Due to this complexity, the scientific community is
still debating about the most appropriate nomenclature to
standardize the diagnosis of this disorder, and the term
“SOD plus syndrome” (for cases with associated cortical
brain development such as schizencephaly) or “SOD spec-
trum” (for cases showing a much wider range of congeni-
tal abnormalities including for instance cleft palate) has
been proposed.”

The clinical relevance of this condition is epitomized
by the fact that SOD is among the top causes of congenital
visual loss in developed countries.>~> Although this review
focuses primarily on the neuro-ophthalmological features
of SOD, it will also attempt to comprehensively cover the
critical aspects of its global management at both diagnostic
and therapeutic stages.

Methodology

In the absence of guidelines for narrative reviews, similar to
those used when reporting systematic reviews (ie PRISMA,
http://www.prisma-statement.org/), we followed the “best-

evidence synthesis” approach described by Green et al® to
analyze various sources of knowledge and provide a sum-
mary of the most valuable contributions produced so far by
international research groups and clinicians with expertise on
SOD. We started from a Medline search (https://www.ncbi.
nlm.nih.gov/pubmed/) which was conducted using the key

words: “septo-optic dysplasia” + “epidemiology” or “man-
agement”. This initial step allowed to identify 479 articles,
which were screened according to the following criteria:
large epidemiological studies, clinical trials, and systematic
reviews were given priority in terms of their strength of
scientific evidence as per Oxford Centre for Evidence

Based Medicine (OCEBM, https://www.cebm.net/2016/05/
ocebm-levels-of-evidence/), whereas case series were taken

into account to verify working hypothesis, or incidence/pre-
valence of both common and rare clinical features of this
condition. The second step included a review of the Online
Mendelian Inheritance in Man (OMIM, https:/www.omim.
org/) and Genetic Home Reference (GHR, https://ghr.nlm.

nih.gov/) databases to verify genetic correlations with the
disorders discussed in the manuscript (not only SOD but also
ONH syndrome), their penetration and possible phenotypes.
Furthermore, the clinicaltrial.gov database was searched to
identify completed and ongoing clinical trials on SOD
patients. During the third step, we accessed institutional
websites from world-renowned Universities, Hospitals,
Foundations and Associations with a specific page dedicated
to SOD patients. Additionally, it is worth mentioning that the
summary of the current evidence drawn on this condition
also results from a discussions with experts in the field of
SOD and our professional experience in diagnosing and
treating pediatric patients presenting with clinical features
of SOD, SOD plus or SOD spectrum disorders.

SOD And Its Etiology

While the precise causes of SOD remain unknown, a
combination of genetic predisposition and prenatal expo-
sure to environmental factors are believed to play major
roles in its occurrence.” Acers was the first author to
provide a seminal contribution by suggesting how envir-
onmental risk factors such as drugs consumption, viral
infections and maternal diabetes could be possible causes
for malformations typical of SOD syndrome.® Other stu-
dies have strengthened the link between SOD and these
factors, while also defining young maternal age (usually
age at conception/delivery < 22 years), and primiparity as
the most important causative factors.>>’~'! More recently,
the link between drugs, alcohol, viral infections, maternal
diabetes, smoking and SOD came under scrutiny, and the
general consensus is that environmental agents during
pregnancy should not be underestimated nor merely con-
sidered concomitant predisposing factors.

On the other hand, it is nowadays widely accepted that
specific genes are involved in the development of SOD,
the most important ones being HESXI, SOX2/SOX3 and
OTX2.” Evidence for the role of those genes can be found
in their involvement in embryonic development of the
eyes, optic nerves and pituitary gland. For instance,
HESXI, which is located in the short (p) arm of chromo-
some 3 at position 14.3, belongs to a family of homeobox
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genes and is an important marker for the early differentia-
tion of the forebrain and adenohypophysis. The HESXI
mutations can lead to different endocrine deficiencies
including those recognized under the umbrella of the
Combined Pituitary Hormone Deficiency syndrome and
those seen in SOD patients.” At least five mutations in
the HESXI gene have been directly correlated to SOD,
some of them involve only single base pairs, while others
involve deletion or duplication of genetic material altering
the HESXI protein and silencing its activity. SOX2, SOX3
and OTX2 are other genes known to be implicated in the
development of SOD: they all encode proteins which act
as transcription factors regulating the activity of other
genes. Hence, by specific binding to other DNA regions,
those transcription factors play a pivotal role in the fate of
the fetus and in particular in the early formation of many
different tissues and organs. OTX2 and SOX2 are critical
for the embryonic development of the optic nerves and
may be associated with more severe phenotypes that
include severe bilateral eye defects and malformations of
the corpus callosum and infundibulum.”-'*'3

Of note, the OMIM and GHR databases clearly demon-
strate how the genes involved in SOD differ from those
directly linked with the pathogenesis of other syndromes
(ie PAX6 and PROKR2 for ONH syndrome, TUBAS for
ONH with polymicrogyria, etc.). Finally, although SOD is
usually seen as a sporadic disorder, familial cases, mostly
with autosomal recessive inheritance, have been described,
and in rare instances, an autosomal dominant pattern has
also been identified. These aspects are certainly in keeping
with the wide spectrum of genetic predispositions and
related phenotypes with variability of each component of
the triad mentioned above.

Theoretical Frameworks

Given the above three theoretical frameworks can be con-
sidered regarding the pathogenesis of septo-optic dyspla-
sia. Acknowledging that a genetic predisposition is not
always inherited but could also result from de novo muta-
tions is essential; the other main theories proposed pin-
point the importance of an early triggering event: either a
prenatal vascular insult or a perinatal secondary degenera-
tion. A vascular disruptive sequence similar to porence-
phaly or hydranencephaly, possibly involving the
territorial distribution of the proximal trunk of the anterior
cerebral artery (ACA), has been proposed by Lubinsky.”
Although early intrauterine vascular injuries to the central

nervous system may lead to a complete tissue resorption

with no residual signs of infarction, this hypothesis does
not take into account the wide variability of the intrauter-
ine events leading to SOD.? Another limitation of this
vascular theory is related to the fact that not all anatomical
structures affected are within the territorial distribution of
the ACA. As all affected components arise from different
tissues and alter embryological processes at different
stages of fetus development, a perinatal event caused by
traumatic, infectious or toxic insults would justify the
different penetration and heterogeneity of dysplasia iden-
tifiable in SOD patients.'®'"!3

Epidemiology Of SOD

The EUROCAT study was the first attempt to delve deeper
into the epidemiology of SOD in Europe: this collabora-
tive effort gathered and analyzed data pertaining to an
overall population of 6.4 million births over an observa-
tional period of 10 years (2005-2014) concluding that the
prevalence of this syndrome was between 1.9 and 2.5/
100,000."* These figures are remarkably lower compared
to a retrospective regional study conducted in Canada, in
the State of Manitoba, where the annual incidence reached
53/100,000 (represented in 55% of cases by SOD plus
same time frame (2011-2016).
Although the authors identified a clustering effect in two

syndrome) for the

northern provinces (Churchill, with 66.9 cases per 100,000
youths <19 years, and Nunavut, 37.1 per 100,000), that
study drew significant attention mostly because it pin-
pointed a striking 1.11-fold annual increase (95% confi-
dence interval 1.07 to 1.16), which translates for ~800%
increase over two decades.''

It can be therefore argued that the stricter the inclusion
criteria (SOD versus SOD plus syndrome), the lower the
calculated incidence and prevalence; additionally, it should
be noted that these epidemiological studies seem to reveal
specific regional clustering. For instance, authors of the
EUROCAT study disclosed that SOD prevalence was sig-
nificantly higher in UK registries compared with other 28
European registries (P =0.021 in the multilevel model) and
that also the additional risk for younger mothers was
significantly greater in the UK compared to the rest of
Europe (P=0.027). In fact, a study of the occurrence of
SOD/ONH in the Greater Manchester and Lancashire
region of Northwest England revealed an incidence of
10.9/100,000 per year.'® A second study conducted
between 1998 and 2009 always in England, but in the
adjacent region of the West Midlands, found similar fig-
ures and highlighted that the median maternal/paternal
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ages in SOD were 21 and 23.5 years, compared to UK
means of 29.3 and 32.4 years (p < 0.001)."” Also, they
reported that first trimester bleeding was markedly
increased at 25% compared to 0.07% in the UK (p <
0.001), and ethnicity showed a non-significant higher pre-
valence in Afro-Caribbean and mixed race groups and
significantly lower prevalence (p = 0.004) in South Asian
groups.'” In both regions, the significantly higher standar-
dized incidence ratios were found to be associated to the
high rates of unemployment and high prevalence of teen-
age conception and pregnancies.

On a separate note, the rates reported in the literature
appear obviously higher when the analysis was focused
only on the presence of ONH regardless of its occurrence
within a formal diagnosis of SOD, and it is also worth
mentioning that many authors have noticed a progressive
increase in the incidence of OHN over the last decades.”'”
An example can be provided by a study conducted on the
Swedish database of visually impaired children which
reported an increased prevalence from 1.8 to 6.3/100,000
over 4 decades between 1970 and early 2000 in the popu-
lation aged 019 years."> Nonetheless, authors also con-
firmed that in only 10% of the patients included ONH was
part of a SOD syndrome. This review of the epidemiolo-
gical studies identified through our research strategy high-
lights the role that international registries play in providing
a snapshot of the incidence and prevalence of rare dis-
eases. As such, the role of hospitals, foundations and
associations in supporting patients and fostering the com-
pliance with registries is of the upmost importance, hence
the decision to provide a list of useful links at the bottom
of this manuscript.

Clinical Presentation
For a long time, SOD syndrome has been sporadically
described or its clinical relevance taken into account only
when ONH was severe enough to cause blindness.” It is
now well accepted that patients with SOD spectrum can
present with relatively preserved vision and a wide range
of endocrine or midline defects. As such, mild SOD cases
can well counterbalance, in a broad range of clinical pre-
sentations, and the other extreme represented by cases of
achiasmia, facial abnormalities, and panhypopituitarism.'®
For this reason, besides separately describing each
anatomical abnormality, we found appropriate to analyze
in detail any possible symptom associated with the SOD
triad and stress the notion that the clinical presentation

Table | SOD And lIts Clinical Features (two Or More Features
Of The Triad Are Needed To Establish A Diagnosis Of SOD)

SOD Triad Range Of Clinical Presentation
Visual disturbances ® Nystagmus — bilateral ONH
® Strabismus — unilateral ONH
® Decreased visual acuity — no light percep-
tion to blindness
® Amblyopia
® Astigmatism
® Normal
Hypopituitarism ® Growth hormone deficiency (more com-

mon presentation)
Hypothyroidism
Diabetes insipidus
Adrenal insufficiency
Hyperprolactinemia
Hypoglycemia
Micropenis
Panhypopituitarism
Pubertal delay

Normal

Neurological aspects Seizures

® Developmental delay (more common in
bilateral ONH)

® Cerebral palsy

® Hemiparesis

® Normal

Other features ® Autism

® Sleep cycle abnormalities

® None

may well vary with age and severity of the syndrome
(see Table 1).

Since ophthalmological aspects are the earliest that can
be identified in SOD patients, and the main object of the
present review, we will start introducing them and only
afterwards we will describe its endocrinological and neu-

rological symptoms.*°

Visual Disturbances

Although ONH is the most common presenting symptom,
a review of the literature reveals that visual impairment
accounts only for 23% of overall reported symptoms in
SOD patients and may include also very mild cases of
astigmatism.>”'®2! ONH can be bilateral or unilateral,
with the latter being less severe and less common.*'*??
Of note, the frequency reported by Ryabets-Lienhard et al
for bilateral ONH were 55-80%, of which 2/3 demon-

strated an asymmetrical presentation, similarly to those
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figures the frequency for unilateral ONH initially
described by Borchert was 20%.>'" Regardless of the
many different neuro-ophthalmological presentations, the
current consensus seems to be that newborn could be
difficult to diagnose with SOD, because they may not
manifest any visual disturbances until 1-3 months of age.

The chief clinical finding in newborns with SOD is
nystagmus, which usually can be appreciated by the first
three months, especially in cases of bilateral ONH. In
terms of temporal presentation, nystagmus is often fol-
lowed by occurrence of strabismus in the first year. This
is typical of both children with bilateral and asymmetric
ONH or unilateral ONH. Either during infancy or adult-
hood, many SOD patients will experience progressive loss
in visual acuity, with 80% of the cases with bilateral SOD
becoming legally blind at some point of their life.'"**
Clinicians should be aware that unilateral cases of ONH
tend to be diagnosed significantly later than bilateral ones:
Riedl et al found that patients with bilateral ONH usually
presented for the first time during the first 6 months of life
with delayed visual maturation and nystagmus, whereas
children with unilateral ONH usually present many years
later, during pre-school age, often with an initial complaint
of isolated strabismus.”’ The course of the disease will
therefore be longer and more severe in patients with bilat-
eral ONH.>'*2?! This said, an interesting theory proposed
by Borchert in his reappraisal of ONH suggests that the
optic nerve myelination occurring in the first years of life
can tamponade and delay onset of visual disturbances by
improving visual acuity in children with SOD regardless
of the severity of their anatomical malformations.'®

Hypopituitarism

Regarding symptoms related to developmental abnormal-
ities of the pituitary gland, many studies show that out of
the three features of SOD, hypopituitarism is the most
commonly reported one, ranging between 62% and 80%.
Specific hormonal deficits, mostly affecting GH and TSH
production, seem to be more frequent than gonadotropic
dysregulation, nonetheless also ACTH deficiency, hypothyr-
oidism, and adrenal insufficiency are commonly described.
Interestingly the involvement of neurohypophysis with dia-
betes insipidus is rarely reported and this seems in keeping
with the different embryologic development of anterior and
posterior portions of the pituitary gland. Since congenital
defects of the hypothalamo-pituitary axis can lead to early
obesity, excessive or asymmetrical growth of facial bones
and limbs, altered tone of the voice and development of

genital organs, some authors have concluded that the phe-
notypic presentation of SOD is heavily influenced by the
severity of its endocrine symptoms.*>** Others have high-
lighted that even rare manifestations can play a significant
role in the clinical diagnosis: the occurrence of either hypo-
glycemia, presence of micropenis and/or cryptorchidism
with hypoplastic testes, prolonged jaundice or manifestation
of diabetes insipidus usually lead to earlier referrals and
further investigations.

Neurological Aspects

Beside rare severe cases characterized by low Apgar
scores, prolonged jaundice, cryptorchidism, lethargy,
poor feeding, cerebral palsy and irritability, neurological
signs and symptoms are usually late manifestations of
SOD syndrome.*

Findings can be highly variable, nonetheless they are
seen in up to 70% of patients with this diagnosis; they may
initially present with either recurring seizures, develop-
mental delay and/or tetraparesis. The etiology of seizures
may be complex: hypoglycemia can often represent a
confounding factor, delaying a definitive diagnosis of
infantile spasm. Patients usually require antiepileptic
drugs coverage, but the number of reports regarding drug
resistant epilepsy in patients with SOD is increasing over
time, confirming its therapeutic challenges as well as the
previously mentioned increase in the prevalence of this
condition. Patients who present with seizures are highly
likely to have neuroanatomical abnormalities such as schi-
zencephaly, polymicrogyria and cortical dysplasia often in
a more complex picture of SOD-plus syndrome, but this
might not always be the case. On the other hand, those
abnormalities are always identified in patients with spastic
paresis.”!

Another confounding factor for developmental and psy-
chomotor delay is certainly the frequent presence of conge-
nital hydrocephalus, whereas the origin of neurobehavioral
and neuropsychological disturbances, which can range from
severe mental retardation to autism with otherwise normal
intellectual status, seem to be more unspecific.*** Finally,
sleeping disorders are some of the least described clinical
features of SOD syndrome, nonetheless their cause can be
easily identified in the impaired development of midline
structures and their role in circadian rhythm.*®

Diagnostic Stage
While in the previous section we presented each clinical
feature according to the degree of severity and age at
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presentation, we will now focus on the first stage of their
management which obviously starts with the appropriate
diagnostic tests.

When an initial index of suspicion for SOD is raised, a
thorough clinical examination is warranted to identify
other physical abnormalities typical of this syndrome and
reach a definitive diagnosis.** Besides pediatricians, the
first specialists involved in the management of those
patients are neuro-ophthalmologists, and we will therefore
start with the crucial aspects of ophthalmological assess-
ment before considering the laboratory investigations and
the most appropriate neuroradiology protocols.

Ophthalmological Assessment

The initial approach to impaired vision will entail a clin-
ical testing of the presence and degree of ONH and asso-
ciated motility disturbances must be evaluated.”*

e Direct pupillary responses: The initial clinical assess-
ment of SOD patients may demonstrate pupils equals
and reactive to light, nonetheless pupillary responses
may well be absent or severely sluggish.”*® Normal
pupillary response is not predictive of good visual
acuity: Borchert et al found that 46% of patients with
eyes with normally reactive pupils had visual acuity
less than 20/200.2° The opposite is however not true:
poor pupillary responses are always associated with
poor visual acuity.”®

e Visual Axes: Visual axes in patients with SOD can be
either normal or there may be presence of esotropia,

shift

exotropia).® Most of those aspects can correlate with

exotropia or even pattern (esotropia to
a loss of ganglion cells and subsequent reduction in
visual function. Abnormal alignment of visual axes
can be seen concomitantly with strabismus.’
Nystagmus and strabismus are common findings in
patients with hypoplastic optic nerve.'®?* Although
nystagmus is not typically a congenital symptom, it
represents a clearly detectable abnormality for referral
after 3-6 months age and may be one of the first
presenting feature of SOD from a ophthalmological
perspective. The nystagmus can be univectorial, bivec-
torial, rotatory or multivectorial. Jerk and pendular
nystagmus can also be seen.”® The presence of nys-
tagmus is usually associated with poor visual acuity.*®
There may also be abnormal fixation, pursuit and
absence of saccadic movements; a preference for par-

ticular head and gaze positions may also be present.”®

e Presence and degree of ONH: Per definition ONH is
characterized by small-appearing optic disc/s and, as a
general rule, SOD patients have always a smaller optic
nerve area than the general population (see Figure 1).
In many cases, although not invariably, this is asso-
ciated with a pigmented ring around the disc, tilting of
the disc, abnormal nerve fiber layer, and tortuosity of
the retinal vessels.”® Clinical confirmation requires
direct video-ophthalmoscopy assessment demonstrat-
ing the initial findings and ruling out the possible bias
of inter-observer variability. Labeling ONH by simply
referring to the optic disc size has been historically
hindered because of the difficulty in obtaining abso-
lute measurements of optic discs in living individuals,
particularly children, since measurements depend on
magnification properties such as axial length of the
eye and refractive error.® Over 20 years ago, Borchert
et al proposed the relative disc size (ratio of the
horizontal disc diameter to the disc-macula distance)
as a possible objective criteria for ONH and demon-
strated that patients with a ratio < 0.30 have very poor
visual acuity (on average 20/200), while a ratio < 0.15
indicated visual acuity less than or equal to light
perception.’® Zeki et al confirmed that the lower
limit of normal relative disk size should be 0.41;
however, the general consensus seems to be that nor-
mal range of the ratio of the horizontal disc diameter
to the disc-macula distance is from 0.47 to 0.63, and
ratio inferior than 0.40 should imperatively be inves-
tigated for ONH. Other measurements have also been
proposed and support such clinical approach: for
instance, Awan suggested to measure the distance
from the center of the disc to the center of the macula
and compared it to the horizontal disc diameter,

Normal Optic Disc

Optic Nerve Hypoplasia

Figure | For a proper comparison between normal optic disc and optic nerve
hypoplasia (ONH), the examiner should take into account the size of optic disc
(disc diameter shown as a dashed black circle) compared to the macula (macula
diameter shown as a dashed red circle) as well as the relative disc size (ratio
accounting for the distance between optic disc and macula shown as a continuous
blue line). As a general rule, ONH is diagnosed when the ratio is < 0.4.
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finding that the normal ratio was 2.1 to 3.2, which
converts algebraically to a relative disc size of 0.037
to 0.63. Of note, fundus photographs should always be
correlated with neuroradiological findings on MRI
brain to confirm the presence of congenital abnormal-
ities affecting the optic nerves and chiasm.’ This is
particularly important because one limitation of clin-
ical examinations alone is the difficulty to diagnose
patients with mild/moderate ONH, whereas some
authors have suggested that MRI may be a superior
diagnostic tool as it can detect non-clinically sympto-
matic hypoplastic optic nerves.”’ In fact, small pale
optic discs may be misdiagnosed as normal-sized discs
with optic atrophy because the distinction between the
optic disc and the hypopigmented scleral canal can be
challenging.” Furthermore, other morphological find-
ings should also be taken into account while assessing
those patients, including pale optic disc, macular
abnormalities, reduced retinal vessel diameter, tortu-
ous retinal arterioles/venules/both, uncommonly
straight vessels with decreased branching.>2**®
Although not pathognomonic (since it can be found
even in patients with myopia), another common
morphological abnormality in SOD patients is the
so-called “double-ring sign™: a hypopigmented or
hyperpigmented peripapillary halo surrounding the
disc.” Overall, it should be noted that the presence of
those additional morphological findings has been
reported to be a negative prognostic factor.*®

Optical coherence tomography (OCT) has nowadays
replaced fundus photography in clinical practice and
is easier to perform. One of the negative aspects of
OCT is that patients often need to be sedated; none-
theless, OCT results are superior and cheaper than
MRI for examining ganglion cells and their axons.
Additionally, OCT appears helpful in detecting optic
atrophy versus reduced number of axons.

Visual function: Patients with SOD can present with
astigmatism, myopia, hyperopia, and associated
refractive errors; contrast sensitivity is likely to be
reduced but hopefully this is not always the case.”®
As anticipated above, SOD patients may present with
unilateral or bilateral involvement, and a visual
acuity ranging from absent or minimal light percep-
tion to relatively normal findings.>***° The presence
of unilateral or bilateral ONH has remarkable prog-
nostic implications because patients can preserve a
normal visual acuity bilaterally if they present with

unilateral ONH.?® Additionally, Signorini et al found
that children with ONH but relatively good visual
acuity are less likely to have associated endocrine
and neurological pathologies.”® Visual acuity is
known to proportionally increase with the optic disc
size; however, normal visual acuity does not warrant
a normal visual function, since peripheral visual field
defects may be present.”

e Visual field studies: Assessment will start on manual
examination with a confrontational visual field test;
the examiner may find several possible deficits in
order of frequency: bitemporal hemianopia, general-
ized constriction, central, binasal or altitudinal defects.
While in SOD patients with unilateral ONH the visual
fields may be normally preserved in the uninvolved
eye, some authors have suggested that objective retinal
function should be evaluated qualitatively and quanti-
tatively by full field electroretinography (FF-ERG)
and focal macular ERG (FM-ERG). By studying
ONH patients with spectral-domain optical coherence
tomography analysis of the circumpapillary region,
Katagiri et al found a significant thinning in the retinal
nerve fiber layer and from inner nuclear layer to the
retinal pigment epithelium.”’ FF-ERG analysis
showed significantly reduced amplitudes and pre-
served implicit time in the photopic negative response,
whereas the amplitudes and implicit times of the other
FF-ERG components did not differ significantly. FM-
ERG analysis showed significantly reduced ampli-
tudes but preserved implicit times in all components.
The authors concluded that the change of retinal struc-
ture responsible for visual field defects in patients with
ONH are mostly secondary to decreased retinal gang-
lion cells and their axons, but also foveal abnormal-
ities, with a relatively preserved peripheral retina.

Furthermore, SOD patients can also present with ver-
tical tilt-conus-ectasia syndrome or horizontal tilt-conus
syndrome associated with amblyopia or bilateral decreased
visual acuity. In those cases, as reported by Alt et al visual
field defects will correspond to the direction of the tilt.’

e Electrophysiological testing: Visual evoked potentials
(VEP) and electro-oculographic studies may be patho-
logical or within normal range in SOD patients.***°

Abnormal VEPs can document either bilateral or uni-

lateral delayed latencies.”® Given this wide range of

possible findings, Coupland and Sarnat concluded that
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VEP should not be used as a diagnostic criterion of
severe dysplasias, but rather considered as a supple-
mentary tool for detecting and correlating the asso-
ciated abnormalities of brain development with
affected visual pathways.?'

Neuroradiological Protocols

As previously mentioned, ophthalmological findings
should be correlated with the presence of developmental
abnormalities of midline structures. Any patient with evi-
dence of ONH should therefore undergo MRI brain to
demonstrate or rule out the presence/extent of the agenesis
of the midline structures and other intracranial abnormal-
ities (usually administration of contrast media such
Gadolinium is not needed).””*>* Hellstrom et al** sug-
gested a systematic stepwise approach when analyzing the
MRI of a possible SOD patient, and neuroradiologists

should address the following questions:

(1) Is the anterior pituitary of normal size?

(2) Is the posterior pituitary present, and what is its
location?

(3) Is the pituitary stalk present, and what is its size?

(4) What are the sizes of optic nerves and optic chiasm?

(5) Is the septum pellucidum present?

(6) Are there other midline abnormalities (eg corpus
callosum dysgenesis)?

MRI scan (see Figure 2) can and should be used to
rule out abnormalities of septum pellucidum/corpus cal-
losum, which are normal in patients with SOD-like syn-
drome; and detect associated cortical malformations,
which are particularly relevant in the context of SOD
plus syndrome. Alt et al demonstrated that only 6% of

T2-weighted
Coronal Axial

T1 Weighted

Figure 2 Eight-year-old @, presenting with macrocephaly and congenital visual loss.
She also has a history of hypopituitarism, on replacement medications. Examination
showed stable signs of likely “burnt out” or stable hydrocephalus. Images confirm
absent chiasm, and monoventricle resulting from absence of septum pellucidum as
seen in many patients with SOD.

individual with septum pellucidum/corpus callosum dys-
genesis actually fulfill the other radiologic criteria for
SOD, 18% of patients in fact fall into the so-called
SOD-like category, whereas % of patients can be classi-
fied under the umbrella of SOD-plus syndrome, which
appears to be extremely more common.”*'°

Cortical abnormalities such as polymicrogyria, schi-
zencephaly, and cortical dysplasia are of remarkable pre-
dictive value (see Table 2), hence the clinical team would
in fact be expected to provide a clinical correlation for all
those radiological findings and potentially predict the pos-
sible onset of seizures and developmental delays.'®

Endocrinological Tests

In the absence of specific blood markers for SOD syn-
drome, laboratory investigations with full endocrine
screening are of paramount importance to assess the extent
of the hypopituitarism.>>° Most studies are in agreement
that patients with suspected SOD should undergo the
investigations reported in Table 3.

Table 2 SOD And Its Neuroradiological Features

Anatomical Region Neuroradiological Findings

Optic pathway ® Bilateral ONH

® Unilateral ONH

® Optic chiasm hypoplasia

® Non-decussating retinal fugal fibres
.

Achiasmia

Cerebral midline anomalies Agenesis of septum pellucidum
Hypogenesis of corpus callosum
Both of the above

Hypoplasia of falx

Fornix hypoplasia

Hypothalamic-pituitary axis Normal anterior pituitary
Hypoplastic anterior pituitary
Normal posterior pituitary
Ectopic posterior pituitary
Normal pituitary stalk
Absent pituitary stalk

Thin pituitary stalk

Cortical abnormalities Hippocampus anomalies
Polymicrogyria
Schizencephaly

Cortical dysplasia

Cortical atrophy

CSF-related disorders Hydrocephalus

Arachnoid cyst
® Chiari |
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Table 3 Testing Endocrine Dysfunctions In SOD Patients

Hypothalamic-Pituitary | Laboratory Test/s

Axis
Metabolic function ® Electrolytes

® Fasting blood glucose

® Glycosylated hemoglobin
Cortisol function ® ACTH

® Baseline cortisolemia
® |fabnormal, 24-hr cortisol and glucose
profile

® TSH,
® fT3,fT4
® Thyroxine

Thyroid function

Somatotrophic function ® |GF-I, IGF BP-3,

® Pulsatile GH secretion
® GH provocation test
.

Anthropometric measurements

Gonadotropic function ® |H, FSH
® GnRH

® Testosterone, estradiol

Prolactin function ® Prolactin

® Dopamine

Posterior pituitary function (® Vasopressin

® Urine osmolality

Testing of pituitary function should be conducted fairly
regularly, at least every six months, similarly to what happens
in the management of endocrinological tumors.>*3*-*

Qian et al have reported sensitivity and specificity of
brain MRI as signs of endocrinopathy are 67.9% and
83.3%, respectively. This study has determined that abnor-
mal MRI findings do not have the sensitivity to predict
endocrinopathy, nor does a normal MRI rule out possible
endocrine abnormalities. When patients with ONH present
with normal neurological examinations, normal endocrine
workup and normal developmental milestones, a MRI of
the brain may be deferred until new indications arise.*’

Additional Investigations

When evaluating a patient with SOD, the presence of
clinically evident or subclinical seizures, focal deficits,
neurodevelopmental disabilities and other associated mor-
bidities such as cerebral palsy, autism, and sleep-cycle
disorders should be assessed.””> EEG are often normal,
and Hellstrdom et al reported that this is the case in at
least 50% of SOD patients.”* Autism spectrum disorders

can be present to up to 30-33% in these patients.*'** They
frequently present with behavioral and emotional pro-
blems, such as attention deficit disorder, and should there-
fore be examined by a psychiatrist/neuropsychologist. The
importance of a complete neuro-ophthalmological assess-
ment could not be emphasized enough because visual
impairment is known to foster the psychosocial and beha-
vioral delay in those children.*> Finally, the degree of
hypothyroidism in children with SOD may not be overtly
diagnosed during the first years of their life, and it has
been demonstrated that this can worsen their neurodeve-
lopmental delay.*

Clinical And Surgical Management
As highlighted in this review, SOD patients require a
multidisciplinary approach at any stage of their diagnosis,
treatment and long-term management. It is important that
their pathognomonic clinical and radiological features are
identified early because appropriate hormonal replacement
has to be started as soon as possible. The type of replace-
ment needed by those patients obviously vary according to
the type of hypopituitarism they present with, of note all
the trials on SOD patients (NCT00140413, NCT00825591
and NCT02558829) revolve around optimization of endo-
crinological therapies. Whereas some studies have focused
on the monitoring throughout early childhood, it should be
noted that many specialists believe that a lifelong monitor-
ing and surveillance should be provided.”

Although ONH is not a treatable condition in itself,
associated ophthalmological findings (ie amblyopia,
refractive errors) should be identified, treated and/or fol-
lowed up on a regular basis, ideally every year.’” Eye
patching has been proposed by some groups, but the over-
all consensus is that it is not helpful in most cases, includ-
ing those of severely asymmetrical ONH.”" Similarly,
strabismus surgery has been advocated to promote a better
visual outcome in selected cases; nonetheless, many stu-
dies support the theory that corrective surgery should be
postponed until it becomes psychosocially challenging for
the patient.”'® Psychomotor delay, autism and attention
deficit disorders would require a tailored therapeutic
approach focused on mobilization, speech therapy, and
psychological support.”

Prognosis And Outcome
Unfortunately, SOD is not a curable disease, but its out-
come can be optimized, as seen above, with adequate

hormonal replacement, neurological follow-up and
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multidisciplinary support. Children with SOD tend to be
shorter than the average population, especially if growth
hormone deficit is not tackled in time.?%3%37 In fact, ade-
quate treatment with growth hormone significantly
increases the growth rate of these children and only less
than 1% report adverse events related to the treatment,
such as scoliosis, carbohydrate metabolism abnormalities,
injection site complications and vomiting.*®

Children with SOD show an increased tendency
towards obesity which prevalence appears to be up to
44% despite hormonal therapy. A balanced diet and weight
control is therefore recommended. Children with SOD
may also have varying cardiopulmonary problems, such
as asthma.”°

The degree of psychomotor delay if often unpredict-
able and together with visual deficits represents the main
outcome influencing features of SOD. Finally, although it
should be acknowledged that it is extremely unusual for
the affected gene/s to be identified in an individual without
family history of SOD, therefore explaining why genetic
counseling is not usually helpful, it should be noted that
those with consanguinity should be tested to identify
genetic background and counseling should be provided.*?
At the same time, it is important to be reminded that, in
light of the current scientific knowledge regarding the
effects of environmental causes or vascular events in trig-
gering a prenatal/perinatal pathological cascade, healthcare
professionals should in principle reassure affected families
because the series of events leading to SOD are considered
highly unlikely to recur in future pregnancies.

Conclusion

SOD is a rare and heterogeneous congenital disorder. With
this review, we attempted to increase the awareness
regarding the red flags for SOD and deliver the message
that whenever the suspicion is raised patients should be
referred appropriately to centers specializing in congenital
disorders. SOD cannot be considered as a uniform disease
entity and requires differential diagnosis with other over-
lapping conditions, hence the indications for a comprehen-
sive clinical, radiological and laboratory assessment to
establish a tailored approach. Early diagnosis, adequate
hormone replacement treatment and a thorough neuro-
ophthalmological follow-up can improve the overall prog-
nosis radically. Last but not least, it should be kept in mind
that the burden of this syndrome is remarkable not only for
the patients but also for their family, therefore social and

neuropsychological support are to be considered integral
pillars in their management.
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