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introduction: With the advent of neuroimaging modalities specifically, 
magnetic resonance imaging (MRI), recognition of developmental defects of 
posterior fossa has greatly improved.
the aim: Is to delineate the clinical, cytogenetics and radiological features of 
patients with mid-hindbrain anomalies. 
Patient and Methods: Twenty-three patients with mid-hind brain malformations 
were included in this study. Complete clinical evaluation, cytogenetic analysis 
and neuroradiological study were done for each patient. Patients’ sex ratio 
was (M: F/ 0.9:1) and the mean age was 2.17 years. Parental consanguinity 
was 86.9 % and positive family history was recorded in 7 families. Based on 
clinico-radiological findings, patients were categorized as Joubert syndrome 
and related cerebellar disorders (34.8%), pontocerebellar hypoplasia (26.1%), 
lissencephaly cerebellar hypoplasia (13%), isolated cobblestone lissencephaly 
with normal muscle and eye (8.7%), isolated vermian hypoplasia (13%) and 
retrocerebellar cyst (4.4%). 
results: Cytogenetic analysis revealed abnormalities in 3 patients (13%); 
pericentric inversion of chromosome 8 in a patient with lissencephaly 
cerebellar hypoplasia, del 5p14.3-pter delineating Cri du chat syndrome and 
associated with vermian hypoplasia and del 18q21.1-qter in a patient with 
retrocerebellar cyst due to paternal balanced translocation t (4;18). FISH for 
specific locus and whole chromosomal painting were used to document the 
assigned aberrations. Although most of the cerebellar malformations are of 
Mendelian inheritance, this study emphasizes the importance of chromosomal 
analysis for patients with posterior fossa anomalies. With more researches 
describing clinico-radiological characterization of hind brain dysgenesis will 
allow better understanding of these disorders, further delineation of relevant 
syndromes and new genes identification.

corresponding author: 
Dr: Maha S Zaki
e-mail: mszaki60@internetegypt.com  

Key Words:  
Cerebellar, hindbrain, joubert syn-
drome, cobblestone lissencephaly- 
pontocerebellar hypoplasia, cri du chat 
syndrome- del 18q21.1-qter.



216

Developmental abnormalities of mid and hindbrain

introDUction                                

Mid-hindbrain regions comprise the 
posterior fossa structures that include 
the brainstem (midbrain, pons, and me-
dulla), the cerebellum and related ce-
rebrospinal fluid spaces including the 
aqueduct of sylvius, 4th ventricle and its 
outflow tracts; the foramina of Luschka 
and Magendie1. Malformations of the 
posterior fossa have been recognized 
much more frequently during the past 
decades, based upon rapid advances in 
imaging technologies. However, with 
this improvement perplexing prob-
lems of categorization and syndrome 
delineation have arisen, as more subtle 
structural anomalies can now be iden-
tified2. Several different classification 
schemes of malformations of posterior 
fossa structures have been proposed 
based on mere anatomical or radiologi-
cal basis3,4. Nevertheless, the most re-
cent classification delineated by Parisi 
and Dobyns2  was based on the embryo-
logical derivation of the involved struc-
tures. They categorized these anomalies 
into 6 major groups; 1- Malformations 
of both midbrain and hindbrain: Brain 
stem-cerebellar hypoplasia, complete 
cerebellar agenesis, Chiari II malfor-
mation, cobblestone lissencephaly with 
mid-hindbrain malformation, molar 
tooth sign associated anomalies [in-
cluding Joubert syndrome and related 
disorders (JSRD)] and rhombencepha-
losynapsis {which is absence cerebellar 
vermis and fusion of both hemispheres 
with variable fusion of brain stem}; 
2-Malformations affecting the midbrain 
which was only mentioned by authors 
for theoretical purpose and no reported 
literature of isolated mesencephalon 
malformation; 3- Malformations af-
fecting predominantly the cerebellum: 
Focal cerebellum hypoplasia, paleocer-

ebellar hypoplasia {as cerebellar verm-
ian hypoplasia and Dandy-Walker mal-
formation and neocerebellar hypoplasia 
{including hemispheres and vermis}5,6; 
4- Malformations affecting predomi-
nantly the lower hindbrain: Chiari I mal-
formation and cranial nerve and nuclear 
aplasias {as in Mobius syndrome and 
Duane retraction syndrome}; 5- Abnor-
mal fluid collections: Posterior fossa 
arachnoid cyst, Blake’s pouch cyst and 
mega-cisterna magna; 6- Malforma-
tions associated of prenatal onset de-
generation: Ponto-cerebellar hyoplasia 
{type 1-5 or in association with some 
other metabolic disorders as neuroax-
onal dystrophy, mitochondrial defects, 
PEHO (progressive encephalopathy 
with edema hypsarrhythmia, and optic 
atrophy) and Congenital disorders of 
glycosylation}.3-11 

Chromosomal aberrations have been 
reported with cerebellar malformations 
especially Dandy-Walker and Chiari 
malformations, cerebellar vermian hy-
poplasia and posterior fossa cyst mostly 
involved chromosome 1, 3, 5, 9, 13, 18 
and 22.12-15

In this study, we present 23 patients 
with mid-hind brain anomalies. The 
aim of this work is proper delineation 
of clinico-radiological features of pa-
tients with mid-hindbrain anomalies 
and detection of chromosomal aberra-
tions among these patients. 

PatientS anD MetHoDS              

Twenty-three patients with mid-hind 
brain anomalies are included in this 
study. Patient selection was based on 
detection of abnormalities in mid-hind 
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brain by neuroimaging. All patients 
were subjected to complete family 
history, pedigree construction, prena-
tal, natal and early postnatal histories.  
Neonatal and infancy histories were 
taken with special emphasis on apneic 
spells, abnormal breathing pattern, 
feeding problems and abnormal eye 
movements. Developmental history, 
complete clinical examination, detec-
tion of specific facies, and neurological 
evaluation, stressing on seizures (the 
onset, type and severity) were done for 
all cases. Also, basic anthropometric 
measurements (weight, height and head 
circumference) were assessed. 

Magnetic resonance imaging (Mri): 
Was performed for all patients as it was 
our clue for patient’s selection. All pa-
tients needed sedation during neuroim-
aging examinations. Sedation by chlo-
ral hydrate was given for infants while 
I.V. Diazepam for older children. 

MRI was performed on 1.0 Tesla unit 
(Signa, GE, Milwaukee) using a head 
coil. Some MR examinations were per-
formed on 1.0 Tesla (Gyroscan NT 10; 
Philips Medical systems). MR exami-
nations, using head coil, included: Axial 
and coronal T2 FSE using 2000 – 5000/ 
98-120 TR msec/TE msec, one to four 
signals acquired, 16-22 cm FOV with 
or without a rectangular field, 192-256 
x 256 matrix, 3-5 mm thick sections 
with 0.3-0.5 mm intersection gap. Axial 
T1 weighted images were obtained us-
ing 400-650/20-30 TR msec/TE msec, 
2-4 signals acquired, 128-192 x 256 
matrix, 16-22 cm FOV, 3-5 mm thick 
contiguous sections. Sagittal T1 WSE 
MR imaging (400-700/11-20, 1-2 sig-
nals acquired, 128 -192 x 256 matrix, 
20-24 cm FOV, 5 mm thick sections 
with 0-2.5 mm intersection gap. Ad-

ditional coronal T1 WSE was obtained 
using the same parameters used for axial 
T1. Axial T2 FLAIR (Fluid attenuated 
inversion recovery) images were done 
using 10,000/140/2, 200 TR msec/ echo 
time msec/ inversion time msec, one 
signal acquired, 20-22 cm FOV, 192 x 
256 matrix, 4-5 mm thick sections with 
1.0 – 2.5 mm intersection gap. 

Accurate description of cerebellar and 
brain stem malformation was assigned. 
Moreover, the appearance of cerebral 
cortex, white matter, lateral ventricles, 
corpus callosum, basal ganglia, hip-
pocampal and extra axial spaces were 
also recorded.

cytogenetic studies: Chromosome 
studies of human blood lymphocytes 
was carried out for all patients using 
both G-banding and high resolution 
techniques.16-18

Fluorescent in situ hybridization (FISH) 
was performed for a single case (19) us-
ing specific probe for the chromosome 
5 LSI D5S23, D5S721 probe (spectrum 
green) detects deletion of 5p15.2 which 
associated with Cri-du-chat syndrome, 
LSI EGR1 (5q31) (spectrum orange) as 
control. Moreover, whole chromosomal 
painting (WCP) was done for the father 
of patient 23 with deletion 18q21.1-qter 
to document 4; 18 translocation. 

other investigations: Including com-
plete eye evaluation, echocardiography, 
abdominal ultrasound, laboratory tests 
(liver and kidney function tests, serum 
creatine phosphokinase and congeni-
tal infections screening), neurophysi-
ological studies {electroencephalogram 
(EEG),electromyography(EMG), nerve 
conduction velocity (NCV), elec-
troretinogram (ERG), visual evoked 
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potential (VEP) and brain stem audi-
tory evoked potential (BAEP)} and X-
rays in any associated skeletal changes 
were done when indicated.

reSUltS                                                  

Our studied 23 patients were derived 
from 16 families. They were11 males 
and 12 females (ratio: 0.9:1), with mild 
sex skewing toward female. Their age 
ranged from 3 months to 8 years with 
mean age (2.17 years). Parental consan-
guinity was present in 20 cases (86.9%) 
and consanguinity in familial cases 
reached 100%.

Based on clinico-radiological findings, 

we categorized our studied patients into: 
Eight patients with Joubert syndrome 
and related cerebellar disorders (JSRD) 
(case 1-8) (Figure 1), six patients with 
pontocerebellar hypoplasia (case 9- 14) 
(Figure 2), three patients with variable 
types of lissencephaly cerebellar hyp-
oplasia (case 15-17) (Figure 3,4), two 
patients with isolated cobblestone lis-
sencephaly with normal muscle and eye 
(case 18-19) (Figure 5), two patients 
with vermian hypoplasia (possibly the 
X-linked form), (case 20-21) (Figure 
6), a patient with Cri du chat syndrome 
associated with vermian hypoplasia             
(case 22) (Figure 7) and a single patient 
(case 23) had del 18q21.1-qter and ret-
rocerebellar cyst (Figure 8) (Table 1). 

Fig. 1: Joubert syndrome and related cerebellar disorders. Note; specific facies as frontal bossing, mi-
crophthalmia, ptosis, open mouth, protruded tongue. Brain MRI showed molar tooth sign in axial cuts 
and elongated superior cerebellar peduncle with mild vermian hypoplasia in sagittal cuts. Note Dandy-
Walker malformation in patient (D).
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Fig. 2: Pontocerebellar hypoplasia: Case13 & 14; male and female sibs: (A & B) note similar facies and 
sagittal T1 brain MRI showing cerebellar hypoplasia/atrophy with brain stem hypoplasia and thin corpus 
callosum. C & D: MRI of 2 male sibs (Case 9 & 10), Sagittal T1 showing cerebellar and brain stem 
hypoplasia and thin corpus callosum. E & F: male and female sibs (case 11 & 12): sagittal T1 showing 
cerebellar hypoplasia / atrophy, brain stem hypoplasia and normal corpus callosum. 

Fig. 3: Case 15 & 16 with lissencephaly cerebellar hypoplasia (LCH). Note close similarity between the 
2 sibs (A & B) hypertelorism, upward slanting palpebral fissures, prominent nose, large ears, and arach-
nodactyly. Axial and sagittal T1 showed agyria, a cell sparse zoon area, cerebellar hypoplasia, agenesis 
of corpus callosum and mild hypoplasia of brain stem.
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Fig. 4: Case 17 with lissencephaly cerebellar hypoplasia (LCH). Note (A) severe microcephaly, large 
ears and protruded tongue, (B) Sagittal T1 showing smooth brain with cerebellum and brain stem hyp-
oplasia. (C) Partial karyotyping showing pericentric inversion of chromosome 8. 

Fig. 4c: Partial kayotype showing peniecentic inversion of chromosome 8. 
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Fig. 5: Cobblestone lissencephaly. A: Case 18: Axial and Sagittal T1 and Axial T2 showing cephalocele 
(early in life operated upon), agyria , narrow subarachnoid space, abnormal signal of white matter (low 
on T1 and high on T2), occipital band heterotopia. B: Case 19; Axial T1 showing agyria, low signal of 
periventricular white matter and occipital band heterotopia.

Fig. 6: Two sibs with isolated vermian hypoplasia (case 20 (A) & 21 (B)). Note coarse facies and axial 
and sagittal T1 showing vermian hypoplasia.
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Fig. 7c: Metaphase spread and a kayotype showing del 5p 14.3 – pter. 

Fig. 7: Case 22 with cri du that syndrome. A: note specific facies, long face, prominent nasal root, broad 
nose short philtrum, full lower lip down turned corner of month, large posterior rotated ears B: Axial T1 
brain MRI showing cerebellar hypoplasia. 
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Fig. 8: Case 23 with del 18q21.1 – qter. A: Note the specific facies; fusiform figers 8 skin eczema. B: 
axial T1   and T2  and sagittal T1  brain MRI showing delayed myelination of while matter, poor gray and 
while matter differentiation and small retro cerebellar cyst ( Blak’s pouch). 

Fig. 7D: FISH analysis using specific probe critical locus of cri du chat synohome; LSI ERGI ( 5q31) 
(spectrum green ). Note only one green signal.
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Fig. 8 c: Metaphase spread and kayotype of case 23 showing del 18 q21.1 qter. 

Fig. 8D: Metaphase spread and kayotyping of the father of case 23 with del 18q21.1- qter showing 
translocation 4;18.
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table 1: The clinoco-radiological categorization of the studied 23 patients. 
Patients Sex consanguinity inheritance Diagnosis

1-8 6 F/ 2M 8/8 AR JS/ JSRD.

9-14 2F/ 4M 6/6 AR PCH

15-17 1F/ 2M 2/3 AR/chromosomal LCH

18-19 1F/1M 2/2 AR Cobblestone LIS

20-22 1F/ 2M 2/3 XR or AR &chromosomal CVH

23 F - Chromosomal Retrocerebellar cyst (Blake's pouch)

 AR: Autosomal recessive, CVH: Cerebellar vermian hypoplasia F: Female, JS: Joubert syndrome, 
JSRD: Joubert syndrome related disorders, LCH: Lissencephaly cerebellar hypoplasia, LIS: Lissen-
cephaly, M: Male, PCH: Pontocerebellar hypoplasia, XR: X-linked recessive. 

The frequency and percentage of clinical manifestations among studied patients are 
shown in (Table 2). 

Fig. 8e: FISH for the father of case 23 using whole chromosome painting (WCP) probes for chromosome 
4 ( spectrum green) and 18 (spectrum rcd) documenting the translocation (4;18).
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table 2: The frequency and percentage of clinical manifestations among different categories.

Manifestations no % JSrD
8/23

PcH
6/23

lcH
3/23

cob 
liS
2/23

cVH
2/23 

cri 
du 

chat 
1/23

del 
18q21.1-

qter
1/23

Breathing abnormalities 3 13 3 - 1 - - - -

Feeding problems 8 34.8 - 5 2 - - 1 -

Autistic behavior 3 13 3 - - - - - -

Abnormal tongue movements 6 26.1 5 - 1 - - - -

Microcephaly 11 47.8 - 6 3 - - 1 1

Encephalocele 1 4.3 - - - 1 - - -

Dysmorphic/specific facies 16 69.5 5 4 3 - 2 1 1

Postaxial polydactyly 1 4.3 1 - - - - - -

Arachnodactyly 2 8.7 - - 2 - - - -

Foot deformities 1 4.3 - - - - - - Talipus

Fusiform fingers 1 4.3 - - - - - - 1

Hypoplasitc nails 1 4.3 - - - - - - 1

Abnormal dermatoglyphics 8 34.8 1 2 3 - - 1 1

Skin changes 2 8.7 1/hemangioma - - - - - Eczema

Accessory nipple 1 4.3 - - 1 - - - -

Squint 11 47.8 3 3 1 - 2 1 1

Nystagmus 12 52.2 3 2 3 2 2 - -

Ptosis 3 13 3 - - - - - -

Microphthalmia 1 4.3 1 - - - - - -

Occulomotor apraxia 7 30.4 7 - - - - - -

Optic nerve hypoplasia/ atrophy 6 26.1 1 2 2 - - - 1

Coloboma 2 8.7 2 - - - - - -

Abnormal VEP/ERG 12 52.2 5 2 2 - 2 - 1

CHD 2 8.7 - - 1/ASD - - - 1/PDA

Renal anomalies 1 4.3 1/Absent kidney - - - - - -

Seizures 5 21.7 1 1 2 1 - - 1

Hypotonia 14 60.8 8 - - 2 2 1 1

Hypertonia/ spasticity 9 39.1 - 6 3 - - - -

Abnormal movements 5 21.7 - 4 1 - - - -

CVH: Cerebellar vermian hypoplasia Cob: cobblestone, JS: Joubert syndrome, JSRD: Joubert syndrome 
related disorders, LCH: Lissencephaly cerebellar hypoplasia, LIS: Lissencephaly, PCH: Pontocerebellar 
hypoplasia. 

Neuroimaging findings revealed molar 
tooth sign in 8 patients (34.8%) which 
is a hallmark of Joubert syndrome and 
related cerebellar disorders (JSRD), 

cerebellar hypoplasia was in 9 patients 
(39.1%) vermian hypoplasia was in 
10 patients (43.8%), cerebellar dys-
plasia in 2 patients (8.7%), retrocer-
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Radiological findings

Diagnosis

JS
(8 cases)

PcH
(6 cases)

clis
(2 cases)

lcH
(3 cases)

cVH
(3 cases)

retro
cerebellar

cyst
(1 case)

Abnormal gyral pattern 1 - 2 3 - -

Corpus callosum affection 1 4 - 3 1 1

Dilated ventricles 1 1 - 1 -

Cerebellar hypoplasia or dysplasia 1 6 - - - Mild vermian

Brain stem hypoplasia 1 6 1 3 -

Cerebellar vermis hypoplasia 8 6 2 3 3 -

Molar tooth sign 8 - - - - -
Abnormal superior cerebellar 
peduncles 8 - - - - -

High signal white matter - - 2 - - 1

JSRD: Joubert syndrome related disorder; PCH: Pontocerebellar hypoplasia; CLIS: Cobblestone lissen-
cephaly; LCH: lissencephaly cerebellar hypoplasia; CVH: cerebellar vermial hypoplasia 
Table 3: Details radiological findings among the studied 23 patients.

ebellar cyst was in 7 patients (30.4%), 
Dandy-Walker malformation was in 
one patient (4.3%) and Neuroimaging 
findings revealed molar tooth sign in 8 
patients (34.8%) which is a hallmark of 
Joubert syndrome and related cerebellar 
disorders (JSRD), cerebellar hypoplasia 
was in 9 patients (39.1%) vermian hyp-
oplasia was in 10 patients (43.8%), cer-
ebellar dysplasia in 2 patients (8.7%), 
retrocerebellar cyst was in 7 patients 
(30.4%), Dandy-Walker malformation 
was in one patient (4.3%) and brain 

Three out of 23 studied patients had 
chromosomal abnormalities (13 %). 
Pericentric inversion of chromosome 8 
(Figure 4) was found in a patient with 
severe microcephaly, lissencephaly 
and cerebellar hypoplasia, deletion of 
5p14.3-pter, the critical locus of Cri du 
chat syndrome was detected in case 22 
with vermian hypoplasia (Figure 7C & 

table 3: Details radiological findings among the studied 23 patients.

stem hypoplasia was 9 patients (39.1%). 
Cerebrum involvement was in the form 
of cortical malformations in 5 patients 
(21.7%) and agenesis / hypogenesis of 
corpus callosum in 10 patients (43.5%). 
The commonest assigned cortical mal-
formation was lissencephaly (5 patients: 
21.7%). One of these patients (4.3%) 
had in association polymicrogyria and 
band heterotopia. Comparison of radio-
logical findings among the 6 assigned 
groups was described in (Table 3). 

D) and deletion of 18q21.1-qter was 
present in a case 23 (Figure 8 C) with 
retrocerebellar cyst. Parental karyotyp-
ing for these patients were normal ex-
cept the one with del 18q21.1-qter was 
due to paternal balanced translocation 
4; 18 that was documented by WCP 
(Figure 8 D &E).
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DiScUSSion                                        

Malformations of the posterior fossa 
constitute a small but important class 
of brain dysgeneses19. With the progres-
sive improvement of visualizing poste-
rior fossa structures using MR imaging, 
cerebellar anomalies are recognized 
with increasing frequency and it became 
clear that the cerebellum is important in 
both cognitive and motor functions.4

Here in, we study 23 patients with cere-
bellar malformations diagnosed by neu-
roimaging modalities. Based on clini-
co-radiological features, we classified 
our patients into: Joubert syndrome and 
related disorders (JSRD) which were 
the most common (8 patients: 34.8%), 
ponto-cerebellar hypoplasia (6 patients: 
26.1%), lissencephaly cerebellar hy-
poplasia (3 patients: 13%), isolated 
cobblestone lissencephaly (2 patients: 
8.7%) isolated vermian hypoplasia (2 
patients: 8.7%), Cri du chat syndrome 
associated with vermian hypoplasia (1 
patient: 4.4%) and del 18q21.1-qter as-
sociated with retrocerebellar cyst (1 pa-
tient: 4.4%). Positive consanguinity was 
in 86.9% of patients and positive family 
history was in 56.3% that clarified the 
putative role of single gene inheritance 
specifically, autosomal recessive as 
the most common mode of inheritance 
among the studied cases. Psychomotor 
retardation was detected in all patients 
supporting the important role of cere-
bellum in controlling the higher cortical 
function.4

Joubert syndrome (JS) and related dis-
orders (JSRD) were diagnosed in 8 pa-
tients (34.8% of cases) on the basis of 
detection of molar tooth sign (MTS), 
the hallmark of the syndrome. Positive 
consanguinity was found in 7 out of 8 

patients (87.5%) and positive family 
history of similar affected sib was found 
in 4 out 8 patients (50%) supporting 
the autosomal recessive inheritance of 
these disorders. None of the described 
patients with this syndrome had micro-
cephaly. Patients with JS show a char-
acteristic facial appearance; prominent 
forehead, epicanthal folds, ptosis, stra-
bismus, nystagmus, upturned nose with 
evident nostrils, open rhomboid mouth, 
tongue protrusion with rhythmic mo-
tions and low-set and tilted ears21. Our 
patients showed most of the characteris-
tic facial appearance of JS. Nystagmus 
was present in 3 patients (37.5%), pto-
sis was detected in 3 patients (37.5%) 
and occulomotor apraxia was observed 
in 7 cases (87.5%). Abnormal rhythmic 
tongue movements or protruded tongue 
was found in 5 patients (62.5 %). 

Most children with this disorder have 
abnormal breathing pattern in the form 
of hyperpnea intermixed with central 
apnea especially early in life21. Abnor-
mal breathing or history of altered pat-
tern was recorded in 3 cases (37.5%).

The observation of autistic behavior in 
JS/JSRD was common22, autistic be-
havior was present in 3 cases (37.5%)22. 
reported among his studies series with 
JS, a single case experienced seizures. 
They mentioned that this finding was 
not typical for patients with JS howev-
er; the presence of associated polymi-
crogyria could be the possible explana-
tion. Here we found one case suffering 
from seizures which were controlled 
with anti-epileptics, although he had no 
detectable abnormal gyral pattern. 

Recently, Zaki et al.23 classified JSRD 
into 4 major groups according to dif-
ferent systems involvement: classic 
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Joubert syndrome (OMIM 213300), 
COACH (OMIM 216360) (Cerebel-
lar vermis hypoplasia, Oligophrenia, 
congenital Ataxia, ocular Coloboma 
and Hepatic fibrosis), CORS (OMIM 
608091) (Cerebello-Oculo-Renal Syn-
drome) and Varadi Papp or OFD VI 
(OMIM 277170) (Oro-Facio-Digital VI 
syndrome). 

None of our patients have oral mani-
festations suggestive of oro-facio-dig-
ital (OFD) syndrome, although, absent 
uvula was present in one patient (case 
5) and postaxial polydactyly in case 2. 
Moreover, unspecified congenital heart 
diseases were reported only in OFD 
syndrome and not in any other JSRD23,24, 
Patent foramen ovale with tiny left to 
right flow jet was assigned in a single 
patient that wasn’t clinically fitted with 
OFD syndrome.

Retinopathy/ maculopathy was reported 
in 2 patients (25%), coloboma was in 2 
patients (25%), unilateral microphthal-
mia was present in one patients; ocular 
findings described with JSRD25. Abnor-
mal VEP and /or ERG were present in 
5 patients (62.5%). None of our cases 
developed abnormal kidneys or liver 
functions; however, regular monitor-
ing of these functions is recommended 
until the long term risk of developing 
renal impairment or hepatic fibrosis 
can be elucidated especially in patients 
with eye involvement22. Interestingly, 
unilateral absent kidney was present 
in one patient, a finding not previously 
described with Joubert syndrome or re-
lated disorders. Moreover, hemangioma 
was not a feature of this syndrome, but 
was observed in as single patient.

Based on Zaki et al.23 classification, 
we proposed that the 2 patients with 

colobomo (25%) fitted with COACH 
syndrome as hepatic fibrosis might ap-
pear late. The rest of patients were di-
agnosed as classic Joubert syndrome. 
None of our patients displayed the cri-
teria of OFD VI or CORS.

Joubert syndrome can be associated with 
other central nervous system (CNS) 
malformations such as corpus callosum 
abnormalities, polymicrogyria, cephal-
ocele, Dandy-Walker malformation and 
hydrocephalus26, 27. In our series, MTS 
with Dandy-Walker Malformation was 
described in one patient (case 5) and 
a single patient (case 8) had abnormal 
shallow small gyri especially more ob-
vious in left cerebral hemisphere. Jou-
bert syndrome with polymicrogyria and 
other brain anomalies including corpus 
callosal thinning have been reported in 
patients with AHI1 mutations28. In this 
study, we also observed clinical het-
erogeneity among our studied patients 
that required further molecular analysis 
to support previous reports of 24,22 who 
stated that not only clinical but also ge-
netic heterogeneity explaining the ex-
tended spectrum of JSRD.

In this work, we describe 6 patients 
with pontocerebellar hypoplasia (PCH) 
(case 9-14) (26.1% of the studied cases). 
PCH is a heterogeneous group of auto-
somal recessive disorders characterized 
by an abnormally small cerebellum and 
brainstem9. All of these patients were 
derived from consanguineous parents 
and had positive family history of simi-
lar condition supporting the autosomal 
recessive pattern of inheritance.

There were 5 described subtypes of 
pontocerebellar hypoplasia (PCH) 
(type 1-5)10, 29. None of our patients had 
anterior horn cells affection exclud-
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ing PCH1 in them. Microcephaly was 
present in all cases varied from -3.9 to 
-5.5SD.

Patient 9 and 10 were male sibs. Both 
of them had progressive microcephaly 
(-5.5 and -5.1 S.D, respectively), nys-
tagmus, hypertonia, brisk reflexes and 
partial seizures. Abnormal movements 
were not detected among them. Fun-
dus examination showed optic atrophy. 
Neuroimaging revealed in addition to 
cerebellar and brain stem affections; di-
lated lateral ventricles and thin dysplas-
tic corpus callosum. These findings are 
closely matched with PCH-3. PCH-3 is 
closely similar to PCH-2 with the added 
finding of optic atrophy and without ex-
trapyramidal movement disorders.30, 31 

Patients 11 and 12 were more likely fit-
ting with PCH-2. They were male and 
female sibs. The presence of history of 
feeding difficulties, abnormal move-
ments, and spasticity in association with 
normal fundus, cerebrum and corpus 
callosum are characteristic of PCH2.10

Patients 13 and 14 were male and fe-
male sibs, microcephalic (-3.9SD and 
-4.6SD, respectively) had abnormal 
movements and hypertonia. Case (13) 
had a history of recurrent vomiting 
and feeding difficulties that required 
gastroscopy. MRI of both cases were 
closely similar and showed severe hyp-
oplastic cerebellum (both hemispheres 
and vermis) especially its lower part, 
hypoplastic brain stem mainly the pons, 
thin corpus callosum, normal cerebrum. 
These 2 patients could categorized as 
PCH-2, however type 4 could not be 
excluded as the severity of microceph-
aly is milder than reported cases with 
PCH-2.

Furthermore, both patients had hy-
pertrichosis a finding described with 
PCH-4. Nevertheless, the involvement 
of the vermis and the absent of hypoto-
nia may ruled out type 42,9. Hopefully 
in the future, molecular analysis and 
more gene identifications can be help-
ful in categorizing and differentiating 
between various types of PCH.

We also present three patients with lis-
sencephaly and cerebellar hypoplasia, 
case 15-17. Cases 15 and 16 are female 
and male sibs derived from consanguin-
eous parents. Both are closely similar in 
clinical and radiological features. They 
had severe microcephaly (-7.8 S.D, -5.4 
SD, respectively) and specific features 
in the form of upward slanting narrow 
palpebral fissures, prominent nasal root, 
beaked/broad nose, long philtrum, pro-
truded ears, arachnodactyly and promi-
nent heels. The female patient had in 
addition left accessory nipple, wide 
spaced nipples, and atrial septal defect 
detected by echocardiography. Patients 
had spasticity and intractable seizures. 
Neuroimaging for these 2 sibs was pe-
culiar  and showed agyria grade 1a, sub-
cortical cell sparse zone mainly occipi-
tal, dilated lateral ventricles, increased 
extraxial CSF, hypoplastic both cer-
ebellar hemispheres and vermis, mild 
brain stem hypoplasia and hypogenesis 
of corpus callosum. These findings may 
coinciding with LCHf (Lissencephaly 
cerebellar hypoplasia type f) described 
by Ross et al.6. Authors classified LCH 
into 5 groups (a-f) based on microceph-
aly, lissencephaly (grade and gradient), 
cerebellar, brain stem, corpus callosum 
and hippocampal involvements. How-
ever, the severity of microcephaly and 
specific features among the 2 sibs can 
delineate a new autosomal recessive in-
herited LCH.
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Patient 17 was a male, derived from 
first cousin parents, had severe micro-
cephlay (-12 SD), intractable seizures 
and agyria with few undulation poste-
rior (gradient b), thin corpus callosum 
and brain stem hypoplasia. The clinical 
and radiological features of this patient 
were unlike the fore mentioned 2 sibs 
and he didn’t fit with any of the category 
delineated by Ross et al.6. Interestingly, 
chromosomal abnormality in the form 
of pericentric inversion of chromosome 
8 (p11.2q13) was present in this patient. 
This may point out to a specific locus 
responsible for this form of LCH which 
requires more advanced molecular cy-
togenetics and molecular analysis to be 
proved.

Isolated cobblestone lissencephaly was 
assigned in female and male patients 
(cases 18 and 19). Both patients were 
derived from consanguineous parents. 
They had similar clinico-radiological 
findings. Both had agyria grade1a, 
2a, respectively, narrow subarachnoid 
space giving picture of cobblestone 
lissencephaly, occipital band heteroto-
pia, dysplastic cerebellum, mild brain 
stem hypoplasia and abnormal signal of 
white matter. In addition patient 18 had 
history of occipital cephalocele (operat-
ed upon) and parieto-occipital polymi-
crogyria on MRI. Clinically, both were 
not dysmorphic, except for insignifi-
cantly presence of bilateral preauricular 
tag in patient 19. They had nystagmus, 
hypotonia, preserved reflexes and gen-
eralized tonic seizures. Investigations 
revealed normal fundus examination, 
slit lamp, CPK and EMG.

Cobblestone lissencephaly is the second 
form of lissencephaly, which was origi-
nally referred to as type II lissencephaly 
but is now called cobblestone cortex. It 

results when neurons or neuronal pre-
cursors migrate out of the developing 
brain through breaches in the superfi-
cial neural basal lamina. In cobblestone 
lissencephaly the surface of the brain 
is not necessarily smooth, instead it 
frequently shows a broad smooth pav-
ing, like cobblestones32. Cobblestone 
lissencephaly is a feature of three dis-
tinct disorders; Muscle–eye–brain dis-
ease, Fukuyama-type muscular dystro-
phy and Walker–Warburg syndrome. 
They are autosomal recessive disorders 
that encompass congenital muscular 
dystrophy, ocular malformations and 
cobblestone lissencephaly33,34 reported 
3 patients from 2 consanguineous fami-
lies with cobblestone lissencephaly but 
without abnormalities in the eye and 
muscle. They suggested a separate dis-
order as autosomal recessive isolated 
cobblestone lissencephaly with normal 
eye and muscle. The present patients 
had normal eye and muscle closely re-
sembled those described by Dobyns et 
al.34 and supported his observation of 
being a distinctive entity.

Three patients with vermian hypoplasia 
were assigned in this work (case 20-
22). Two affected male sibs (cases20 
and 21) had isolated cerebellar vermis 
hypoplasia. The two sibs are derived 
from consanguineous parents. Both had 
coarse facies that was less manifested in 
the younger sib (case 21). MRI showed 
vermian hypoplasia and both cerebel-
lar hemispheres appeared to be within 
normal size. Cerebellar vermian hyp-
oplasia is either X-linked, autosomal 
recessive or of uncertain inheritance2. 
We propose X-linked cerebellar hyp-
oplasia as possible diagnoses for these 
two male sibs because of the close clini-
cal similarity to this category, however; 
autosomal recessive CVH cannot be ex-
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cluded because of positive consanguity 
in this family35 identified oligophrenin 
1 (OPHN1) gene mutations on Xq12 in 
12% of his series of males with X-linked 
mental retardation (XL-MR), in associ-
ation with cerebellar vermian hypopla-
sia and variable dysmorphic features. 
Affected individuals with OPHN1 gene 
mutations exhibit moderate to severe 
cognitive impairment with major lan-
guage and behavioral problems, nystag-
mus and coarse facies36. Both patients 
exhibited nystagmus, coarse facies and 
severe cognitive and language impair-
ment. Furthermore, congenital disorders 
of glycosylation (CDG) cannot also be 
ruled out, as vermian hypoplasia and 
dysmorphic facies were reported with 
CDG. Accurate categorization of these 
sibs required advanced genetic studies 
as screening of isoelectric transferrin 
to exclude CDG and further molecular 
analysis of OPHN1 if negative screen-
ing is documented.

Patient 22 had del 5p14.3-pter detect-
ed by regular cytogenetics studies and 
confirmed by fluorescent in situ hybrid-
ization (FISH). Our patient had specific 
features of Cri du chat syndrome37. She 
had history of low birth weight, micro-
cephalic at birth, failure to thrive, ab-
normal crying and hypotonia. Patient 
had microcephaly, long face, prominent 
supraorbital ridges, prominent nasal 
root, broad nose, short philtrum, full 
lower lip, down turned corner of mouth, 
large posterior rotated ears and abnor-
mal dermatoglyphics. Neurologically, 
patient was hyperactive, has abnormal 
gait, hypotonia and brisk reflexes. Mild 
vermis hypoplasia and thin corpus cal-
losum were detected on neuroimaging 
simulating the neuroradiological find-
ings reported by Tamraz et al.37 and 
Vialard et al.11. Parental karyotyping 

was normal which documented de novo 
deletion, the most frequent type with 
negligible recurrent risk. However, the 
possibility of gonadal mosaicism in one 
of the parents cannot be excluded, even 
if no recurrence has been reported.38

Patient 23 had del 18q21.1-qter due to 
paternal balanced translocation 4;18 
documented by WCP. This patient had 
most of the typical features of 18q- 
syndrome as mental retardation, short 
stature (-4SD), microcephaly (-4.2SD), 
midface hypoplasia, hypertelorism, 
strabismus, seizures, hypotonia, skin 
eczema and mild talipus equinovarus39 
delineated genotype-phenotype map-
ping of chromosome 18q deletion. 
They studied a large series of patients 
by high resolution array CGH to define 
the critical region of specific manifes-
tation. Mental retardation was located 
in 18q21.33 leading to postulation that 
more distal deletion was not consistently 
to have mental retardation; interestingly, 
microcephaly was also located in same 
critical region (18q21.33). Short stature 
showed 3 overlapping regions;18q12.1-
q12.3, 18q21.32-q21.33 and 18q22.3–
q23. Congenital aural atresia with wide 
variability of this anomaly was on 
18q22.3-qter while cleft palate with or 
without cleft lip had a proximal critical 
region located in 18q12.1-q12.3 and a 
distal region located in 18q22.3-q23. 
Mid and forefoot deformities was locat-
ed in 18q22.3-q23. Immunoglobulin A 
(IgA) deficiency was suspected to be on 
18q21.32 however, high number of pa-
tients with overlapping deletion showed 
normal IgA. Other common features as 
obesity, hyper laxity, strabismus, sei-
zures, behavioral abnormalities and ec-
zema didn’t show clear phenotype-gen-
otype correlation. Although the deleted 
region in our patients overlapped most 
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of the critical region of the described 
phenotype; cleft palate, congenital au-
ral atresia and IgA deficiency were not 
features in the present case. Moreover, 
our patient had in addition fusiform fin-
gers and hypoplasitc nails of 4th and 5th 
toes. MRI findings in 18q- syndrome 
were surprisingly uniform in all de-
scribed patients and showed delayed 
myelination and poor differentiation 
of gray and white matter40. Diffuse, bi-
lateral symmetrical deep white matter 
hyperintensity more pronounced in the 
posterior ventriclular regions have been 
detected in MRI with recently suggest-
ed critical region located in 18q22.3-
q2341. Furthermore, poor differentiation 
of cerebellar gray and white matter, 
mild atrophic findings, Chiari I mal-
formation, hypoplasia of the pituitary, 
thinning of corpus callosum and poren-
cephalic cyst have been also reported39. 
Case 23 had clear delayed myelination 
of white matter, nevertheless, agenesis 
of corpus callosum and small retroce-
bellar cyst simulating Blake’s pouch 
were assigned in this patient.

The present work emphasizes the im-
portance of MRI brain as an essential 
etiologic/diagnostic tool and genetic 
studies in evaluating patients with hind 
brain anomalies for accurate diagnosis, 
prognosis and genetic counseling. Ad-
vanced molecular techniques as wide 
genomic scanning and linkage analysis 
have shed light on the genetic basis of 
some malformations of the cerebellum. 
In the future, knowing the causative 
genes in each brain malformation will al-
low a molecular biologic classification 
and provide more concrete information 
about the risk of recurrence and thus 
may be helpful in prenatal diagnosis.
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