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Schimke immune-osseous dysplasia (SIOD) is a rare autosomal recessive disorder presenting with dysmorphic features, skeletal dysplasia,
steroid resistance nephrotic syndrome and cellular immune insufficiency. Central nervous system complications such as Moya-moya
syndrome have been reported as a co-morbidity. We describe a case study of a South African child who was diagnosed at the age of 5
years. She initially presented with short stature secondary to the skeletal dysplasia. She subsequently developed Moyamoya syndrome and
steroid-resistant nephrotic syndrome. Genetic studies confirmed the presence of the c.1439 C>T mutation in the SMARCAL1 gene, which
has been described in patients with SIOD previously. She died at the age of 7 years from an inter-current pneumonia.
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Schimke immuno-osseous dysplasia (SIOD) is a multi-system
progressive disorder. It was first described as a spondyloepiphyseal
dysplasia by Schimke et al.[1] in 1971. It is characterised by autosomal
recessive inheritance, spondyloepiphyseal dysplasia causing growth
retardation, defective cellular immunity with episodic lymphopenia,
nephrotic syndrome and progressive nephropathy leading to renal
failure, pigmentary skin changes and progressive cerebrovascular
disease complicated by cerebral infarcts and Moyamoya syndrome.[2]
The neurological complications have been reported but are not well
defined.

Case

The index patient is a South African child of distantly consanguineous
parents. There was an antenatal assessment of a single umbilical
artery and intrauterine growth restriction. She was born preterm at
a gestational age of 29 weeks and birthweight of 700 g. She required
respiratory support for hyaline membrane disease at birth. She was
the second child of healthy parents. An elder sibling demised at day
10 of life from an unknown aetiology. She has a healthy brother who
is now 17 years old.
Clinically, her weight and height were both <–3SD. She had
dysmorphic features, i.e. deep-set eyes, prominent low set ears,
depressed nasal bridge with a broad nasal tip, small jaw, high arched
palate and a pectus excavatum deformity of her chest. She had a
history of poor growth (underweight for age and short stature). Her
milestones were normal until 2.5 years of age. At the age of 5 years,
she stopped walking and was assessed as having bilateral hip dysplasia.
X-rays of her spine showed platyspondyly with anterior beaking of the
vertebrae. X-rays of her hips showed small deformed capital femoral
epiphyses and shallow dysplastic acetabular fossae. In the same year
she became aphasic and developed a right hemiplegia. Her brain
magnetic resonance imaging (MRI) showed a non-acute infarct in
the left posterior parietal lobe and a more recent infarct in the right
parieto-occipital lobe. A computerised tomography angiogram in the
same year showed features of a vasculopathy involving the peripheral
branches of the middle and posterior cerebral arteries.
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At age 6 years she was diagnosed with nephrotic syndrome
after she developed proteinuria, hypoalbuminaemia and hypercholesterolaemia. Her renal ultrasound demonstrated poor corticomedullary differentiation. A renal biopsy showed focal segmental
glomerulosclerosis. She had numerous admissions for recurrent
relapses of the nephrotic syndrome. Her renal function remained
normal during the course of her illness. She required recurrent
Albumin infusions for the relapsing nephrotic syndrome. In addition,
she was started on steroids and an angiotensin converting enzyme
inhibitor. She developed osteoporosis and was commenced on
bisphosphonates. She was not commenced on immunosuppressive
therapy as her prognosis was deemed to be poor. She developed
epilepsy that was treated with sodium valproate.
Later that year she had a recurrent stroke of the right cerebral
hemisphere. A brain MRI in 2012 showed new infarcts in the right
cerebral hemisphere (Fig. 1), cerebellum and left side of the pons
and medulla. The magnetic resonance angiogram (MRA) showed
a Moyamoya pattern (Fig. 2). The posterior cerebral arteries were
now also occluded. She was assessed for a neurosurgical bypass
procedure for the Moyamoya disease and was deemed to be a
poor candidate owing to the extent of the brain lesions. She was
investigated for other risk factors for recurrent strokes: protein C,
protein S, antithrombin III and Factor V Leiden were normal. Her
cardiac echogram was normal. Metabolic screens including urine
for mucopolysacharidoses, as well as hexosaminidase A and B, and
alpha-1-galactosidase were normal. Her serum lactate and ammonia
levels were normal. Urine screen for aminoaciduria and organic
acidaemias were also normal.
Genetic studies confirmed the presence of the c.1439 C>T mutation
in the SMARCAL1 gene which has been described in patients with
SIOD previously. She had no lymphopaenia or hypothyroidism. She
died at the age of 7 years following an inter-current pneumonia.

Discussion

SIOD is caused by mutations in SMARCAL1, which encodes a
putative chromatin remodelling enzyme.[3] Mutations in SMARCAL1
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Fig. 1. Coronal FLAIR sequence of the brain demonstrating bilateral parasagittal wedge-shaped infarcts.

cerebrovascular disease. In 1995, Ehrich et al.[6] described 3
further patients with recurrent strokes. Cerebral and cerebellar
perfusion defects were demonstrated in these patients by positron
emission tomography. Boerkoel[2] first described 2 patients with the
classical Moyamoya pattern on MRI in 1998. Moyamoya disease
is a chronic, occlusive cerebrovascular disease characterised by
progressive stenosis at the terminal portion of the internal carotid
artery and an abnormal vascular network at the base of the
brain. It is postulated that a factor responsible for the production
and maintenance of connective tissue is defective in SIOD.
SMARCAL1 is expressed at low levels in vascular smooth muscle
and endothelium. Mutations in SMARCAL1 would thus result in
an intrinsic defect in the blood vessel wall that would predispose
the vessel wall to fibroses.[7] Hypertension and hyperlipidemia
caused by the nephrotic syndrome in SIOD may also accentuate an
underlying defect in the arterial wall.[8] However, in the series of
patients described by Erlich[5] the vascular disease progressed after
successful renal transplantation suggesting that renal disease alone
is not responsible for the cerebro-vascular disease.
The prognosis for those with childhood onset is poor. Most
patients demise within the first decade of life.

Conclusion

Neurological complications in patients with SIOD are not
uncommon.[9] Our patient presented with recurrent strokes and her
neuroimaging confirmed Moyamoya syndrome. In our patient with
SIOD and Moyamoya, disease the vasculopathy was progressive as
described in previous case studies. She was not a candidate for a
revascularisation procedure as she had extensive brain injury.

Fig. 2. Magnetic resonance angiogram of the brain showing the classic ‘puff of
smoke’ appearance compatible with Moyamoya syndrome.

gene results in loss of function of the SMARCAL1 protein and
affects both cellular proliferation and differentiation and promotes
vascular homoeostasis.[3] Genotype-phenotype correlation in SIOD
is limited. The true prevalence is not known but is estimated at
between 1:1 000 000 and 1:3 000 000 in North America. It is a panethnic disorder.
Two forms of SIOD are described: a juvenile variant with adolescent
onset of growth failure and renal dysfunction; and an infantile/
childhood-onset type that shows intrauterine growth restriction,
followed by failure of linear growth in the first 2 - 3 years of life.[2] Our
index patient showed features of the infantile/childhood-onset type.
SIOD should be suspected in a patient with the following clinical
features:
• short stature secondary to a spondo-epiphyseal dysplasia
• steroid resistant nephrotic syndrome
• T Cell immunodeficiency resulting in recurrent infections
• characteristic facial features
• hyperpigmented macules on the skin.
Other less common clinical features include sparse hair, dental
abnormalities, hypothyroidism and corneal opacities. Diagnosis
is confirmed by identification of biallellic pathogenic variants
in SMARCAL1 on molecular genetic testing. Descriptions of the
neurological complications of SIOD are limited. One patient has
been reported with white matter changes and four patients with
cerebellar abnormalities.[4]
The association of vascular disease with SIOD was first noted
by Spranger et al.,[5] who reported 4 patients with atherosclerotic
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