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Abstract

Introduction: Raine syndrome is an autosomal recessive disorder characterized

mainly by the presence of exophthalmos, choanal atresia or stenosis, osteosclerosis,

and cerebral calcifications. There are around 50 cases described in the literature

with a prevalence of less than 1/1,000,000. It is secondary to pathogenic variants in

the FAM20 C gene, located on chromosome 7p22.3.

Case report:We report a consanguineous family with three affected pregnancies. In

the first two, exophthalmos and bone abnormalities were noted, ending in one intra‐
uterine demise and one neonatal death, without identifying any genetic disorder.

During the couple's most recent pregnancy, fetal anomaly sonogram and fetal CT

scan revealed microcephaly, intracranial calcifications, exophthalmos, hyper-

telorism, depressed nasal bridge, midface hypoplasia and thoracic hypoplasia. Fetal

blood sampling for whole exome sequencing revealed a novel pathogenic homozy-

gous variant c.1363+1G > A in the FAM20 C gene associated with Raine syndrome.

Delivery occurred at 26 weeks of gestation after rupture of membranes followed by

neonatal death due to respiratory failure.

Review: A review of the distinctive features of Raine syndrome, the contribution of

different prenatal imaging modalities (Ultrasound, Computed Tomography and

Magnetic Resonance Imaging) in making the diagnosis and the molecular charac-

terization of this disorder is provided.

Key points

What's already known about this topic?

� Raine syndrome is a very rare autosomal recessive disorder (1/1,000,000) characterized by

bone dysplasia with around 50 cases described in the literature.

What does this study add?

� We present a case of Raine syndrome caused by a novel pathogenic variant in the FAM20 C

gene and discuss the contribution of different imaging modalities in the diagnosis of this

disease.
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1 | INTRODUCTION

Raine syndrome (OMIM 259775), also known as lethal osteo-

sclerotic bone dysplasia, is an autosomal recessive disorder

characterized by microcephaly, prominent forehead, exophthalmos,

midface hypoplasia, depressed nasal bridge, micrognathia, cleft

and/or high‐arched palate, long philtrum, hyperplastic gums, low‐
set ears, short neck and narrow chest.1‐3 Some of these pheno-

typic features are seen by antenatal imaging modalities while

other are detected postnatally. This disorder is usually lethal and

most babies die during their early months of life due to respi-

ratory failure.4 However, a smaller percentage of cases with

milder phenotypes survive beyond infancy but may have psy-

chomotor developmental delays,4 respiratory difficulties4‐7 and

hypocalcemic seizures.7 Several cases have also been described

where Raine syndrome was diagnosed later in life due to hypo-

phosphatemic osteomalacia,8 pain due to osteosclerosis,9 delayed

speech and cognition10,11 or amylogenesis imperfecta.11,12

This syndrome is secondary to biallelic mutations in FAM20 C

gene on chromosome 7p22.3.10,13 Loss‐of‐function mutations in this

gene lead to upregulation of Fibroblast Growth Factor 23 which re-

duces the production of 1.25‐dihydroxyvitamin D and increases

phosphate excretion at the level of the kidneys.14,15 These modifi-

cations cause the hypophosphatemia and osteosclerotic bone

dysplasia characteristic of this syndrome.15

In 1989, Raine et al. described the first female fetus with these

characteristic anomalies.16 The constellation of these features was

designated as Raine syndrome in 1992 by Kan and Kozlowski.17 Until

today, only around 50 cases have been described in the literature

with a prevalence of less than 1/1,000,000.18

We herein present a case of Raine syndrome caused by a novel

pathogenic variant in the FAM20 C gene and discuss the contribution

of different imaging modalities in the diagnosis of this disease.

2 | CASE REPORT

The propositus is a 33‐year‐old G5P2111 female patient who

presented at 12 weeks and 6 days of gestation for her history of

previous neonatal anomalies. Family history is significant for

parental consanguinity (first degree cousins) and only one healthy

surviving child (Figure 1). The patient had a molar pregnancy

followed by an uncomplicated pregnancy with delivery of a

healthy male newborn at term. Her third pregnancy had a smooth

antepartum course that ended with the delivery of a male

newborn with exophthalmos and bone abnormities who died at

day 2 of life. During her fourth pregnancy, exophthalmos and

skull bone abnormalities were noted in the third trimester, and

that pregnancy ended with an intra‐uterine fetal demise of a

female fetus with microcephaly (Figure 2).

During the current pregnancy, first trimester ultrasound

revealed a normal nuchal translucency without detecting any

morphological abnormalities. Due to her previous obstetrical history,

a chorionic villus sampling with a CGH‐array (comparative genomic

hybridization) was performed. The results showed no microdeletions

or duplications with long stretches of homozygosity consistent with

the known consanguinity.

Repeat ultrasound at 24 weeks and 6 days of gestation

revealed intrauterine growth restriction (ninth percentile), micro-

cephaly, calcifications in the choroidal plexus and periventricular

white matter, exophthalmos, hypertelorism, severely depressed

nasal bridge, severe midface hypoplasia, as well as thoracic hy-

poplasia (small chest). The other structures appeared to be

normal, the amniotic fluid volume was normal and the sex was

female (Figure 3).

At this time, the possibility of Raine syndrome diagnosis was

raised; after counseling and given the late gestational age, the par-

ents elected fetal blood sampling by cordocentesis for rapid whole

exome sequencing. Fetal CT‐scan was done and confirmed the ul-

trasound findings, revealing microcephaly, midface hypoplasia

(Figure 4) as well as intracranial periventricular calcifications.

At 25 weeks and 3 days of gestation, patient had preterm

premature rupture of membranes followed by preterm labor and

delivery of a girl with Apgar scores of 1 and 4 at 1 and 5 min,

respectively, weighing 650 g. Head circumference was less than

the third percentile. Craniofacial dysmorphism was noted similar

to the ultrasound findings, with exophthalmia, flat wide nasal

bridge, thin upper lip, microretrognatism, short neck as well as a

very small and narrow thorax (Figure 5). The newborn was in

respiratory distress and orotracheal intubation was attempted but

failed due to the malformations. Bradycardia was then noted

followed by cardiac arrest. Parents declined further investigations

and autopsy.

Whole exome sequencing revealed the presence of a novel ho-

mozygous pathogenic variant in the FAM20 C gene (NM_020223:

c.1363+1G > A). This variant is predicted to disrupt the highly

conserved donor splice site of exon 7, confirming the diagnosis of

Raine syndrome.

3 | DISCUSSION

We describe herein a consanguineous couple family with 3 preg-

nancies affected by Raine syndrome. The first two ended in intra‐
uterine and neonatal demises, with exophthalmos and bone abnor-

malities noted at birth. During the last pregnancy, multiple anomalies

were noted on ultrasound and fetal CT scan, and genetic testing

revealed a novel mutation in the FAM20 C gene associated with Raine

syndrome.

According to our review of the literature, 29 cases of Raine

syndrome have been diagnosed perinatally. Table 1 includes the re-

ported cases along with the different antenatal and postnatal imaging

modalities used, the outcome in each case, as well as the corre-

sponding FAM20 C mutation (if available).
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F I GUR E 1 Pedigree of the affected family
(circles and squares represent females and

males respectively; affected individuals are in
black; triangle = molar pregnancy;
diamond = current pregnancy)

F I GUR E 2 Pictures of the stillborn female
baby (fourth pregnancy) showing prominent

forehead, proptosis, midface hypoplasia,
depressed nasal bridge, micrognathia, short
neck and narrow chest [Colour figure can be

viewed at wileyonlinelibrary.com]

F I GUR E 3 Ultrasound images done at

24 + 6 weeks of gestation (WG) showing
microcephaly, exophthalmos, hypertelorism
and midface hypoplasia [Colour figure can be

viewed at wileyonlinelibrary.com]
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F I GUR E 4 Fetal CT scan images showing
microcephaly and midface hypoplasia [Colour

figure can be viewed at wileyonlinelibrary.com]

F I GUR E 5 Pictures of the female baby
(fifth pregnancy) at birth [Colour figure can be
viewed at wileyonlinelibrary.com]
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Of the 29 cases described, 12 cases had no features detected

antenatally, 7 cases had multiple abnormalities suggestive of Raine

syndrome and the remaining 10 had few or isolated anomalies noted.

Fetal MRI was performed in only 5 cases. It detected multiple

anomalies in one case; however, it was normal in 1 case and revealed

only a flat profile, intracranial calcifications or simply an increase in

perivascular signals in the three other cases. Fetal CT scan was not

done in any of the cases reviewed. Nevertheless, it was shown to be

of significant interest in our case, especially with the new recon-

struction technologies, diagnosing microcephaly, intracranial calcifi-

cations and midface hypoplasia. When compared to fetal MRI, fetal

CT scan has many advantages including the faster acquisition of the

images, the wider availability of this technique and the lower cost.

When soft tissue imaging is the goal, as may be the case in syn-

dromes involving intracranial structures, fetal MRI, when feasible,

may be preferred due to the theoretical fetal risk from radiation

exposure.

Regarding the postnatal imaging modalities, X‐Ray was always

shown to be of remarkable importance diagnosing osteosclerosis and

the other bone abnormalities. Cranial ultrasound was performed in

seven cases, was normal in 1 case and detected intracranial calcifi-

cations in the others. Head CT scan, done in 10 cases, showed mainly

the intracranial calcifications and sometimes absence of C3‐C5
ossification, premature ossification of the hyoid bone, hypoplastic

cerebellum, cortical atrophy, prominent sutures, abnormal gray‐
white matter differentiation, etc. Head MRI was performed in

three cases, confirmed the intracranial calcifications and revealed

stenosis of the nasal pyriform aperture in two cases and hypoplasia

of the corpus callosum with hydrocephaly and optic nerve atrophy in

one case. Echocardiography was done in eight cases and showed no

or unspecific abnormalities. Abdominal ultrasound was done in three

cases and turned to be normal.

Differential diagnoses include other bone dysplasia syndromes

including Blomstrand and Koide dysplasias. Blomstrand syndrome is

an autosomal recessive chondrodysplasia due to inactivating muta-

tions in the gene encoding the parathyroid hormone receptor; it is

also associated with osteosclerosis, lungs hypoplasia and neonatal

death but is mainly characterized by short limbs. Koide dysplasia is

similarly marked by abnormal bone formation but with micromelia

and achondrogenesis.19,20

Screening for Raine syndrome starts with the ultrasound which

is a sensitive tool used in the regular obstetrical follow up but limited

by operator expertise in fetal dysmorphology. In a second step,

detection of any suggestive anomalies should prompt the use of

other more specific techniques, including fetal CT scan and/or fetal

MRI. As seen in the case presented, those techniques will confirm the

ultrasound findings, allowing more specific prenatal counseling as to

prognosis and options for perinatal management until molecular

testing confirms the final diagnosis.

Genetic counseling is essential in such cases in order to discuss

the concerns of the parents, suggest appropriate testing and to plan

future pregnancies, especially with the new advancements in this

field, such as preimplantation genetic testing that can be done afterT
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in vitro fertilization to differentiate embryos carrying the mutation

from those who do not.

4 | CONCLUSION

We report a case of Raine syndrome with a novel mutation in

FAM20 C, in a consanguineous couple with three babies identified to

have multiple congenital anomalies.

With the advances in different antenatal imaging modalities,

especially with the better performing ultrasound machines, the

reconstructive technologies of CT scan and the detailed fetal MRI

exams, a diagnosis may become evident prior to the third trimester.

These multiple modalities allow a more rationally adjusted

management of similar cases for the benefit of the expectant mother

and the newborn, such as appropriate planning of the timing, place

and route of delivery.

Management should be discussed in a multidisciplinary manner,

including the obstetrician, the neonatologist and other concerned

specialists, with concomitant psychological support.
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