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Abstract

Rhombencephalosynapsis (RES) is a rare cerebellar malformation 
characterized by congenital fusion of the hemispheres and absence of the 
vermis. This condition is associated with developmental delay, seizures and 
involuntary head movements. Although the clinical and imaging aspect of this 
condition have been thoroughly investigated in the adult, prenatal diagnosis 
remains still a challenge in the modern Fetal-Maternal Medicine. Here we report 
our experience with 3 cases and review the current literature as well, focusing 
specifically on the obstetric imaging as well as on the prenatal diagnosis and 
management of this rare condition. RES should be considered in the differential 
diagnosis when absence of the vermis in the Posterior Fossa (PF) is suspected 
at prenatal Ultrasound Sonography (US), especially when ventriculomegaly 
or other Central Nervous System (CNS) anomalies are detected. A complete 
anatomical workup is necessary in these cases. Magnetic Resonance Imaging 
(MRI) remains to be the imaging modality of choice in confirming the diagnosis.

Keywords: Rhomboencephalosynapsis; Prenatal diagnosis; Ultrasound; 
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Background
Rhomboencephalosynapsis (RES) is a rare congenital 

malformation defined by vermian agenesis, fusion of the cerebellar 
hemispheres and apposition or fusion of the dentate nuclei [1]. Most 
of the reported cases are associated with supra-tentorial Central 
Nervous System (CNS) anomalies; however, a few cases present as an 
isolated cerebellar malformation [2,3].

RES produces severe motor and intellectual developmental 
delay when it is associated with other CNS anomalies. However, also 
when RES is an isolated finding, major psychiatric disorders such 
as obsessive oral self-mutilation have been reported [4]. Therefore, 
prenatal diagnosis of RES, both associated with other anomalies and 
isolated, represents an important issue for prenatal Medicine.

Because there is still little information about prenatal diagnosis of 
RES [3], the aims of this paper were (a) to report our experience with 
RES, presenting 3 cases in which prenatal two-dimensional ultrasound 
scan (2D-US) and intrauterine Magnetic Resonance Imaging (MRI) 
clearly depicted cerebellar features characteristic of RES; (b) to review 
the existing literature referring to prenatal diagnosis of RES.

Data Sources
Own experience

Our experience includes 3 fetuses examined at the Gestational 
Age (GA) of 24, 25 and 27 weeks at prenatal 2D-US from January 2013 
to January 2016. The cases were retrospectively reviewed including 
ultrasound pictures, MRI data and medical records. The ultrasound 
machine used in all cases was standard Aloka (Aloka Co., Ltd, 
Tokyo, Japan) equipped with a curved linear array transabdominal 
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transducer (2-5 MHz).

All of them underwent intrauterine MRI, performed at 1.5T using 
the following technique: multiplanar 3- to 4-mm thick, single-shot 
fast spin echo, T2 weighted sections (repetition time/echo time = 
3000/90 milliseconds, field of view = 340mm, matrix = 256 3 192).

Two out of 3 cases underwent molecular karyotype analysis with 
CGH array.

Our report is in accordance with the Declaration of Helsinki and 
was approved by the Review Board of the Clinical Research of the 
University of Bern. All adult participants provided written informed 
consent to participate in this report.

Literature review
We searched articles published without language limitation 

and identified via a search of MEDLINE and EMBASE, 
from 1990 to date, following medical subject heading terms: 
“Rhomboencephalosynapsis”, “Vermian agenesis”, “Vermian 
hypoplasia”, “Cerebellar hypoplasia” and “Prenatal diagnosis”. Only 
studies reporting prenatal diagnosis of RES were selected. All cross-
references were hand-searched. All types of studies were selected.

Results
Own experience

Case 1: A 33-year-old woman, gravida 2, para 0 (previous 
miscarriage during the second trimester), was referred to our Centre 
because a previous 23-week-GA US had revealed a tri-ventricular 
hydrocephaly. The karyotype with CGH array was normal (46XX). 
Our 24-week transabdominal US confirmed these findings and 
revealed an abnormal Posterior Fossa (PF), with a severe reduction of 



Annals Thyroid Res 7(3): id1084 (2021)  - Page - 0343

Spinelli M Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

the trans-cerebellar diameter below the fifth centile. The vermis was 
not clearly visualized. A 25-week intrauterine MRI was performed, 
showing agenesis of the cerebellar vermis, dorsal fusion of the 
cerebellar hemispheres, with confirmation of the significant reduction 
of the cerebellar transverse diameter. These features, together with the 
‘‘keyhole’’ shape appearance of the fourth ventricle, were consistent 
with those already well known from postnatal MRI studies of RES. 
A tri-ventricular ventriculomegaly, with 19mm atrial width, was also 
evident (Figure 1). The septum pellucidum and corpus callosum were 
visible. The brain parenchyma appeared normal. The patient decided 
for termination without fetal autopsies and then was lost at follow-up.

Case 2: A 31-year-old woman, gravida 3, para 2 (her previous 
pregnancies was uneventful, with normal-term deliveries), presented 
at our Centre at 25-weeks of GA, because a previous scan at 24 
weeks had revealed a renal disease. At our US, the fetal kidneys were 
symmetrically enlarged (right, 5.3×4.0 cm; left, 4.3×3.7 cm) and 
highly echogenic, leading to the absence of the corticomedullary 
differentiation, suspicious of Autosomal Dominant Polycystic 
Kidney Disease (ADPKD). Checking the kidneys of both the parents, 

we did not find any renal US abnormality. When we scanned the 
fetal brain, an abnormal PF was evident, with cerebellar hypoplasia 
and an abnormal shape of the cerebellar hemispheres. The vermis 
was not clearly depicted. No other brain anomalies were detected. 
Investigating family history of congenital malformations, the woman 
revealed that the first daughter of 3 years old had been diagnosed 
postnatally with ventriculomegaly and had cognitive impairment 
as well as a coloboma of the optic nerve. The karyotype of this first 
daughter was normal. In the current pregnancy, the karyotype with 
CGH array was normal too (46XY). At 26 weeks, a prenatal MRI 
examination was performed, showing agenesis of the cerebellar 
vermis, dorsal fusion of the cerebellar hemispheres, which appeared 
without the normal cerebellar sulci, and a reduction of the fourth 
ventricle (Figure 2). These signs were compatible with RES. The 
parents decided to terminate the pregnancy at another institution. 

Case 3: A 42-year-old woman, gravida 1, para 0, was referred to 
our Centre at 26 weeks of GA because of a vaginal bleeding. When 
we scanned the fetal brain, an abnormal PF was evident, with absent 
visualization of the vermis, fusion of the cerebellar hemispheres with 
a reduction of the trans-cerebellar diameter (22mm, below the fifth 
percentile), without demonstration of any communication between 
the fourth ventricle and the cisterna magna. Diagnosis of RES was 
thus formulated (Figure 3). No other Central Nervous System 
(CNS) and extra-CNS fetal anomalies were detected. A 27-week GA 
intrauterine MRI scan was performed, confirming the cerebellar 
transverse diameter reduction, the agenesis of the vermis, as well as 
the dorsal fusion of the cerebellar hemispheres, consistent with RES. 
At 32 weeks GA, a preterm vaginal delivery occurred, which resulted 
in a stillborn female baby. The woman did not authorize autopsy nor 
any other postnatal investigation.

Literature review
Of the 186 articles related to our key words, 83 were excluded 

after reading the titles because they were not pertinent to RES. 
Among the 103 remaining articles, 92 were excluded after reading the 
abstracts because they did not refer to prenatal diagnosis. The other 
11 articles were selected for our review. Two additional papers were 
added by searching cross-references (i.e., reading all references in the 
included articles). Thus, 13 articles including case reports, case series 
and conference proceedings were finally analyzed.

Since 1990, according to our research criteria, 65 cases of prenatal 

Figure 1: Case 1: Intrauterine MRI. Cerebellar hypoplasia, with 
rhomboencephalosynapsis. Hydrocephalus. FSE/T2-weighted images. (a) 
Midsagittal plane; (b) Axial plane.

Figure 2: Case 2: Intrauterine MRI. Agenesis of the cerebellar vermis, 
dorsal fusion of the cerebellar hemispheres, which appears without the 
normal cerebellar sulci, and a reduction of the fourth ventricle. No other brain 
anomalies. FSE/T2-weighted images. (a, b, c) Axial plane; (d) Mid-sagittal 
plane.

Figure 3: Case 3: Prenatal US. Absent visualization of the vermis, fusion of 
the cerebellar hemispheres with a reduction of the trans-cerebellar diameter 
below the fifth centiles, without demonstration of any communication between 
the fourth ventricle and the cisterna magna. No other brain anomalies. Two-
dimensional ultrasound scans. (a) Axial plane, with magnification of the 
posterior fossa; (b) Axial plane.
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diagnosis of RES have been reported, including the ours. In 25 
cases (38%), diagnosis was first formulated or strongly suggested at 
prenatal US during the second trimester of pregnancy; however in 64 
cases (97%) a definitive diagnosis was performed at intrauterine MRI. 
Mean±SD (range) GA at US and MRI diagnosis were 23.86±5.14 
(14-35) and 24.92±2.9 (21-31), respectively. Documented associated 
anomalies were present in 60 cases (91%). Mean±SD GA at delivery 
or at termination were 33.71±1.60 (32-35) and 24.92±2.9 (21-31), 
respectively. A postnatal feedback with MRI and\or autopsies was 
available in 57 cases (88%). Characteristic of the included studies are 
listed in Table 1.

Discussion
Epidemiology, embryopathogenesis and etiologic factors

RES was first described by Obersteiner from the post-mortem 
examination of a 28-year-old man who committed suicide [5]. This 
condition is characterized by vermian agenesis associated with fusion 
of the cerebellar hemispheres, which have a rhomboid shape, fusion 

of peduncles, and of the dentate nuclei. Kinking of the brainstem 
is often present and the PF appears smaller than normal [6-17]. Its 
frequency has been estimated at 0.13% by Sener from a series of 3000 
consecutive pediatric brain MRIs [18]. 

In the traditional view of embryonic development, the cerebellum 
arises from 2 distinct embryonic primordia known as the rhombic 
lips [10]. The vermis arises superiorly between these two embryonic 
cerebelli. At the beginning of 8 weeks of gestation, proliferating 
neuroblasts from symmetric alar plates form paired rhombic lips that 
thicken, project into the fourth ventricle, and extend progressively 
toward the midline. At the end of 12 weeks of gestation, the rhombic 
lips on the 2 sides fuse in the midline beginning rostrally; the anterior 
vermis is thereby formed before the posterior vermis [10,15]. The 
absent vermis results in abnormal cerebellar hemispheric fusion, 
malorientation of folia, and a horseshoe-shaped dentate nucleus 
around a teardrop-shaped fourth ventricle [1]. The proposed 
embryologic schema accounts for the transverse orientation of the 
cerebellar folia, dentate nuclei, and varying cerebellar peduncular 

Author 
(no.of cases)

US 
diagnosis 

(GA)

Intrauterine 
MRI diagnosis 

(GA)
Main Associated anomalies Karyotye 

analysis
GA at Delivery/

Interruption

Postnatal 
Feedback 

(MRI/
autopsy)

Prognosis

Litherland 
1993 (1)

Yes (NA) NA NA NA NA NA NA

Napolitano 
2004 (3)

No Yes (25-28 wks) Ventriculomegaly in all cases
46XX in 
case 1 
and 2

Case 1: 32wks CS
Case 2: 25wks T

Case 3: 35wks VD
Case 1 Case 3: Stillborn

McAuliffe 
2008 (4)

Yes (Case 1: 
34wks; Case 

2: 23wks)

Yes (Case 3: 
31wks; Case 4: 

22 wks)

Ventriculomegaly in all cases
Case 1: Holoprosencephaly facial dysmorphisms, cleft 
palate, hypospadias.
Case 2: Renal hypoplasia, Microcephaly, 
microphthalmia, absence of the septum pellucidum.
Case 3: Absence of the septum pellucidum, 
schizencephaly Polymicrogyria.

Case 1: 
46XY

Case 2: 
46XX

Case 4: 
46XY

Case 1: 35wks CS
Case 2: 35wks VD
Case 3: 32wks VD
Case 4: 23wks T

Yes

Case 1: Died at 18 months of 
age
Case 2: Died after birth
Case 3: Died in the neonatal 
period

Di Vera 2008 
(1)

Yes (19wks) No

IUGR, micromelia, brachydactyly, rocker-bottom 
feet, horse-shoe kidney, cardiac malformations 
hypertelorism, bilateral cleft lip and palate cystic 
hygroma, cerebral hemorrhage, ventriculomegaly

47XY+9p 
tetrasomy

20wks T Yes

Pasquier 2009 
(40)

Yes, in 13 
cases 

(14-35 wks)
Yes (NA)

Ventriculomegaly in 39 cases
Case 29: Holoprosencephaly
Case 8: Corpus callosum agenesis
Case 27: Microcephaly
Cases 1,4,27,29: IUGR
Cases 26,33,34: Cardiac malformations
Case 25: GLH [1] syndrome
Cases 32-37: VACTERL-H [2] association

Normal 
karyotype 

in all cases

T in all cases (I trimester 
1 case, II trimester 31 
cases, III trimester 8 

cases)

Yes

Koprivek 2011 
(1)

No
Yes (27wks 

dizygotic twin 
pregnancy)

No NA NA Yes

At 12 months of age slight delay 
in psychomotor development, 
mild hypotonia with normal 
cognitive development.

Figatowska 
2012 (1)

No
Yes 

(27 and 33 wks)
Ventriculomegaly NA NA NA NA

Cagneaux 
2013 (2)

No
Yes 

(22-24 wks)
Ventriculomegaly in both cases
Case 1: right renal agenesis

NA
T in all cases (in the II 

trimester)
Yes

Leibovitz 2014 
(4)

Yes (25wks)
Yes, in two 
cases (NA)

Ventriculomegaly in 3 cases NA
T in all cases (in the II 

trimester)
Yes

Bernardo 
2015 (1)

No Yes (22wks) NA NA T (in the II trimester) Yes

Izzo 2015 (2) No
Yes 

(21-23 wks)
Ventriculomegaly in both cases

Case 2: 
Normal 

karyotype

Case 1: 22wks T
Case 2: 24wks T

Case 1

De 
Keersmaecker 
(1)

No (NA) Yes (NA)
Ventriculomegaly arachnoids cyst
Ventriculomegaly, partial corpus callosum agenesis

NA 21wks T Yes

Arisoy 2016 
(1)

Yes (19wks) No 46 XX T in the II trimester Yes

Our cases (3)
Yes

 (24-26wks)
Yes 

(25-27wks)
Case 1: Ventriculomegaly
Case 2: Renal anomaly

Case 1: 
46XX

Case 2: 
46XY

Case 1: 25wks T
Case 2: 26wks T
case 3: 32wks VD

No Case 3: Stillborn

Table 1: List of case reports of Rhomboencephalosynapsis (RES) diagnosed prenatally (NA: Not Available; CS: Caesarean Section; T: Termination of pregnancy; VD: 
Vaginal Delivery: wks: weeks).

[1] Gomez Lopez Hernandez.
[2] Vertebral anomalies, Anal atresia, Cardiovascular anomalies, Trachea-oesophageal fistula, Renal anomalies, Limb defects.
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fusions as well as for the absence of the olivary nuclei. 

Another view of embryonic development supported by Sidman et 
al. [19] is that the cerebellar primordium arises from the tuberculum 
cerebelli, a band of tissue in the dorsal part of the first neuromere that 
crosses the midline in the shape of an inverted V. They suggest that 
the cerebellar primordium is unpaired and that on transverse section, 
it might be misinterpreted as a pair of symmetric but unconnected 
structures, the rhombic lips. 

According to this last embryologic view, RES results from failure 
in vermian differentiation of the more rostral part of the midline 
primordium; the fused cerebellar hemispheres may be explained 
by the fact that the cerebellar primordium is unpaired [19-23]. The 
cause of this failure of differentiation is still unclear. Some studies 
have pointed out a genetic defect in the isthmic organizer, resulting 
in abnormal dorsal patterning [24]. FGF8 and Lmx1a have been 
suggested as possible candidate genes [25]. 

RES seems to be sporadic, without any instance of familial 
recurrence. The possibility of autosomal recessive inheritance was 
reported in only 1 patient [15]. Our review of prenatal cases confirms 
these post-natal data, with no case of any familiarity of this condition. 
In case 2 of our series, it has not been confirmed any relation between 
the condition of the fetus and that of the first daughter of the pregnant 
woman. 

No teratogenic factors have been recorded, with the exception of 
1 post-natal case associated with maternal phencyclidine abuse [20] 
and another associated with maternal ethosuximide medication [13]. 
Among the cases included in our review, McAuliffe [26] reported a 
maternal history of recreational drug use in the first trimester in a 
case of RES. No teratogenic factors have been recorded in our case 
series.

Prenatal diagnosis
Because of the rarity of the condition, no data are available about 

frequency of prenatal diagnosis. Our review showed 65 cases of RES 
diagnosed prenatally, with 61 (94%) detected during the last 10 years. 
Among these, two cases (case 1 and 2 of McAuliffe [26]) were strongly 
suspected prenatally but definitively established postnatally. 

Our 3 cases were recorded over a 3-year-observation. The 
relatively high incidence of RES in our personal experience may be 
explained by the fact that our facility is a tertiary care Centre for 
prenatal diagnosis, where every year more than 4000 pregnancies are 
examined. 

The diagnosis at prenatal imaging is established with the 
identification of a hypoplastic single-lobed cerebellum. This can be 
visualized by intrauterine MRI and, recently, also by US, as showed in 
our review [17,26-37]. Coronal and axial planes are superior for this 
diagnosis and sagittal views are least helpful. 

Coronal MRI findings include the visualization of fused cerebellar 
hemispheres with absent or severely hypoplastic vermis and an absent 
vallecula. A narrow diamond-shaped fourth ventricle and a fused 
horseshoe-shaped dentate nucleus are the features seen on axial MRI 
planes. Sagittal views are remarkable for the lack of visualization of 
the primary vermian fissure and lack of a normal fastigial point of the 
fourth ventricle [17,26-37]. 

The prenatal US features of RES are a small cerebellum and 
small or absent vermis. With vertex presentation, the addition of 
transvaginal to transabdominal US may allow better visualization 
of the PF and should be considered when the intracranial anatomy 
appears abnormal [38]. The postero-inferior aspect of the vermis may 
remain open until 17.5 week - GA [39]; this needs to be taken into 
consideration when examining the PF at or before 18 week - GA.

The main differential diagnosis of small or absent vermis at 
prenatal imaging includes Dandy–Walker (DWM) and Chiari II 
malformation [29]. In contrast to RES, in the first condition the 
vermian maldevelopment is characterized by complete or partial 
agenesis, cystic dilatation of the fourth ventricle and enlarged PF 
with upward displacement of the tentorium; while, the second is 
associated with an open spinal dysraphism and obliteration of the 
cisterna magna, as well as with abnormal curvature of the cerebellar 
hemispheres (the “banana sign”) [21,22]. 

Our review showed that 38% of diagnoses were formulated or at 
least strongly suggested at prenatal US during the second trimester 
of pregnancy, with a likely increasing detection rate over time. 
However, 97% of definitive diagnoses were performed at intrauterine 
MRI. In our series, in case 3 RES was clearly diagnosed at US with 
confirmation by MRI, while, in the other 2 cases, RES was strongly 
suspected at US time, but diagnosis was made at MRI. 

It is remarkable that in 92% of prenatal US diagnoses, other CNS 
- abnormalities were associated to RES, with the exception of case 2 
and 3 of our series. These data may show that prenatal US may be 
accurately able to depict RES in the fetus especially when other CNS 
anomalies are present. In our opinion, this may be explained not 
only by the epidemiological data, which show the high frequency of 
associated CNS-abnormalities [1-10,21-23] in RES, but also by the 
fact that the presence of any associated CNS-abnormality, detectable 
at prenatal US, may play the role of an “alarm bell”, thus inducing 
the clinician to a deeper and a more careful study of the whole CNS, 
including the PF. 

Conversely, the only case of an isolated prenatally- detected 
RES included in our review was diagnosed exclusively at MRI [28]. 
These data show that intrauterine MRI remains the diagnostic tool 
that allows the unequivocal diagnosis of RES especially in cases of an 
isolated finding [28]. In this regard, it is remarkable that in our series, 
2 out of 3 cases of RES showed no other associated brain anomalies 
and the indications for US examination were related to issues not 
involving the CNS, i.e. the renal anomalies (case 2), as well as the 
vaginal bleeding (case 3). 

Associated non-chromosomal abnormalities
RES is frequently associated with other CNS- and extra CNS 

abnormalities [1-10,21-23].

Associated CNS- supra-tentorial abnormalities include 
hydrocephalus or ventriculomegaly; absence of the septum 
pellucidum, and Agenesis of the Corpus Callosum (ACC) or corpus 
callosum anomalies, usually described as thin, stretched, or angulated 
[12-17]. Additional anomalies include: fusion of the thalami, 
tectum, and fornices; hypoplastic chiasm and underdeveloped 
temporal lobes [1]; fusion of the quadrigeminal plate and middle 
and superior cerebellar peduncles; hypoplastic olivary nuclei [12]; 
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hypoplastic anterior commissure and temporal lobes [9]; cleft in 
the parieto-occipital lobe and frontal encephalocele [13]; small 
occipital encephalocele; and multiple subcortical and periventricular 
heterotopias [7]. 

Extra-CNS associated – anomalies have been reported too, 
including segmentation and fusion anomalies of the spine and 
musculoskeletal-anomalies, especially phalangeal and radial ray 
defects [2]. Associated defects of the cardio vascular, respiratory and 
urinary tract have also been reported [17,26]. 

Our survey is in accordance with the available literature, 
showing that anomalies associated to RES were present in more 
than 90% of cases, with ventriculomegaly representing the most 
frequent associated malformation (86% of cases), including 1 out of 
3 of our cases (case 1). The most common extra CNS – associated – 
malformation involve the urinary apparatus (20% of cases with extra-
CNS associated abnormalities), detected also in one of our cases (case 
2). In this our case, the fetal kidneys were symmetrically enlarged 
and highly echogenic, leading to the absence of the corticomedullary 
differentiation, suspicious of ADPKD. The association of RES 
with ADPKD has been already reported in the literature [40]. 
Unfortunately, we could not confirm this suspicious postnatally.

Pasquier et al. [17] reported, in morphological analysis of 
40 fetuses after medical termination of pregnancy, that RES was 
associated with ventriculomegaly, ACC, lobar holoprosencephaly 
(HPE) and microcephaly as others CNS - anomalies; cleft palate, 
thymic hypoplasia, hypothophy, cardiac anomalies, genito-urinary 
malformations (renal agenesis, hemiuterus) and vertebral defects 
as extra CNS. They also reported that, except for only one case, all 
fetuses presented with macrocranium with large fontanels and a 
characteristic, although not specific, cranio-facial dysmorphism, 
associating prominent forehead, hypertelorism, small pointed nose 
with a large nasal bridge and anteverted nostrils, midface hypoplasia, 
smooth philtrum, small mouth with thin lips, microretrognathism 
as well as posteriorly rotated low set ears with a coarse up-sized 
lobule and deformation of the external auditory canal. In addition, 
Gomez Lopez Hernandez (GLH) syndrome in one case (2.5%) and 
VACTERL-H (‘Vertebral anomalies, Anal atresia, Cardiovascular 
anomalies, Trachea-oesophageal fistula, Renal anomalies, Limb 
defects’) association in 6 cases (15%) were identified [17]. GLH 
syndrome is characterized by the triad of RES, trigeminal anesthesia 
and bilateral parieto-occipital alopecia with typical craniofacial 
anomaly including hypertelorism, brachyturricephaly and midface 
retrusion and a short stature [41]. In this regard, some authors 
suggested that if a diagnosis of RES is made, GLH syndrome and 
VACTERL association should be excluded [41]. In our cases, RES 
was associated with hydrocephalus (case 1) and renal anomalies (case 
2) but not with other malformations suggestive of any syndromic 
manifestation.

The postnatal evaluation of case 1 of McAuliffe [26] revealed RES 
with ventriculomegaly and lobar HPE by postnatal MRI. Moreover, 
polygyria, aqueduct stenosis, cleft palate, absence of thymus, 
hypoplasia of thyroid, inguinal hernia, absent left kidney and facial 
dismorphism were detected at autopsy. In the postnatal evaluation 
of case 2, RES with ventriculomegaly was detected by postnatal MRI, 
together with microcephaly, midfacial hypoplasia, microphthalmia, 

short webbed neck, duodenal atresia, absent right kidney and left 
single palmar crease. They also reported that in case 3 HPE, ACC, 
schizencephaly and polygyria were associated with RES. In addition, 
in case 4, aquaductal stenosis and RES were determined in autopsy 
[26]. 

Di Vera (2008) showed that RES was associated with 
micromelia, brachydactyly, rocker-bottom feet, horse-shoe kidney, 
atrioventricular septal defect, truncus arteriosus, hypertelorism, 
bilateral cleft lip and palate with pre-maxillary protrusion, cystic 
hygroma, pre-auricular tag, cupped ears, cerebral haemorrhage and 
bilateral borderline ventriculomegaly (di Vera et al. 2008).

Rarely, RES is an isolated malformation. In our review, only the 
case of Koprivek [28] and our case 3 were isolated. These authors [28] 
reported the case of 27 weeks - GA fetus in a dizygotic twin pregnancy 
with partial RES. In our case series, case 3 was casually detected in a 
26 week – pregnant woman undergoing US for a vaginal bleeding. 
The other few cases of an isolated RES reported in the literature have 
been detected postnatally [42].

Associated chromosomal abnormalities
While the risk of non-chromosomal malformations in RES 

is high, conversely the risk of chromosomal abnormalities is low. 
The results of chromosomal analyses performed in previous cases 
diagnosed postnatally were normal except for an interstitial deletion 
of chromosome 2q.1 [1]. 

The results of our review of prenatally - diagnosed cases are 
consistent with the previous ones, showing that 98% of cases, in which 
karyotype analysis was performed/available, had normal karyotype 
without any gender prevalence. 

Di Vera [32] reported RES with tetrasomy 9p. Tetrasomy 9p was 
first described by Ghymers in 1973 [43]. Since then few cases have 
been reported and a review of previously reported features described 
the variability of appearance in fetuses and newborns affected by 
tetrasomy 9p mosaic and non-mosaic [44]. Fetuses with tetrasomy 
9p that includes the region 9pterp11.1 are likely to present a DWM 
and ventriculomegaly on prenatal ultrasound [45]. So far, this case 
of di Vera [32] was the first report of RES in a fetus with tetrasomy 
9p deriving from assisted reproduction technologies (ARTs). In our 
report, cases 1 and 2 had a normal karyotype. No information are 
available about case 3.

Post-natal feedback
In our review, a postnatal feedback with MRI and\or autopsies 

was performed/available in 57 cases (88%), confirming prenatal 
diagnosis. What emerged from post-natal studies, is the alteration in 
aqueductal patency, together with midbrain tegmentum dysplasia, 
have been reported in postnatal studies [1,8,10,17]. Early aqueductal 
obstruction during fetal life could explain some of the supra-tentorial 
anomalies such as the hydrocephalus and the extreme corpus 
callosum thinning or interruption. The cause of this condition in RES 
is unknown.

In our experience, unfortunately, it was not possible to have 
postnatal data because in cases 1 and 2 the couple decided to 
terminate pregnancy in another institution and in case 3 the mother 
did not allow any further investigation on the stillborn child. Prenatal 
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MRI of case 1 could not establish with certainty whether the aqueduct 
of Silvius was patent or not. 

At birth, the clinical presentation as well as the prognosis is 
variable and seems to be related to the presence and severity of 
associated supra-tentorial anomalies [12-17]. In our review, we could 
not obtain much post-natal clinical information, since termination 
of pregnancy was decided in 91% of cases. The prognosis of the 
remaining pregnancies was poor in 85% of cases. Indeed, among the 
remaining 6 fetuses, 2 were stillborn, 2 died immediately after birth or 
in the neonatal period, while 1 died at 18 months of age. 

Only Koprivek [28] reported a case of a prenatal diagnosis of 
partial isolated RES that at 12 months of age showed a slight delay 
in psychomotor development, mild hypotonia with normal cognitive 
development. Other [42] reported cases diagnosed postnatally, with 
significant neurologic symptoms such as irritability, poor balance, 
head rolling, abnormal eye movement, spasticity, dysarthria, 
strabismus, mild truncal ataxia, self-mutilation, and obsessive-
compulsive disorder.

Conclusions
Prenatal diagnosis of RES still represents a challenge for 

maternal- fetal Medicine, since it presents rarely but with a severe 
prognosis. In our review, most of fetuses were referred to prenatal 
MRI for ventriculomegaly and suspected cerebellar hypoplasia, 
confirming that a careful evaluation of the PF is mandatory when a 
ventriculomegaly and a small cerebellum are seen at US, particularly 
when other CNS midline abnormalities are associated findings. 
Using US and MRI to its maximum capability, together with a 
multidisciplinary discussion may overcome this challenge, leading to 
the final diagnosis.
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