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AAbbss tt rraacctt

BBaacckkggrroouunndd  aanndd  ppuurrppoossee::  We evaluated brain abnormalities
associated with myelomeningocele in infants.
MMaatteerriiaall  aanndd  mmeetthhooddss:: Between June 1995 and June 2008,
42 patients with myelomeningocele were treated in our 
hospital. Only 24 patients (13 males, 11 females, mean age 
1.5 months, range 1 day – 11 months) were evaluated by both
spinal and brain magnetic resonance imaging (MRI) and
were enrolled in the study. 
RReessuullttss:: Brain MRI revealed: hydrocephalus in 21 (87.5%)
patients, all of whom required immediate shunting. Total age-
nesis of the corpus callosum was observed in 2 (8.3%)
patients, partial agenesis was seen in 4 (17%) patients and 
8 (34%) patients had dysplasia of the corpus callosum.
Absence of the septum pellucidum was observed in 2 (8%)
patients. Widening of the interhemispheric fissure and
colpocephaly were noted in 10 (41%) and in 3 (12%) patients,
respectively. Abnormal white matter maturation was observed
in 2 (8%) patients. Small posterior fossa was observed in 
18 (74%) patients, Chiari malformation in 16 (67%) patients,
cerebellar and brain stem hypoplasia in 3 (12%) and 7 (30%)
patients, respectively.
CCoonncclluussiioonnss:: MRI examination of the myelomeningocele site
is not sufficient. Clinicians should consider obtaining imag-
ing studies of the entire neuraxis in patients with
myelomeningocele.

KKeeyy  wwoorrddss::  spinal dysraphism, myelomeningocele, MRI, 
brain.
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SStt rreesszzcc zzeenniiee

WWssttêêpp  ii cceell  pprraaccyy:: W pracy oceniono wystêpowanie niepra-
wid³owoœci mózgu u niemowl¹t z przepuklin¹ oponowo-rdze-
niow¹.
MMaatteerriiaa³³  ii mmeettooddyy:: Od czerwca 1995 r. do czerwca 2008 r.
w naszym oœrodku leczono 42 pacjentów. Do badania w³¹czo-
no 24 chorych (13 ch³opców i 11 dziewczynek; œredni wiek
1,5 miesi¹ca; zakres wieku: od 1 dnia do 11 miesiêcy), u któ-
rych wykonano badanie mózgu i rdzenia krêgowego za
pomoc¹ rezonansu magnetycznego (RM).
WWyynniikkii::  Rezonans magnetyczny mózgu wykaza³ obecnoœæ
wodog³owia u 21 pacjentów (87,5%) (wszyscy wymagali
niezw³ocznego wszczepienia drena¿u komorowego). Brak
cia³a modzelowatego stwierdzono u 2 (8,3%), czêœciowe nie-
wykszta³cenie cia³a modzelowatego u 4 (17%), a dysplazjê
cia³a modzelowatego u 8 pacjentów (34%). Brak przegrody
przezroczystej obserwowano u 2 (8%), poszerzenie szczeli-
ny miêdzypó³kulowej u 10 (41%), a kolpocefaliê u 3 pa cjen-
tów (12%). Nieprawid³owe dojrzewanie istoty bia³ej doty-
czy³o 2 pacjentów (8%). U 18 osób (74%) stwierdzano ma³¹
objêtoœæ tylnego do³u czaszkowego, u 16 (67%) malformacjê
Arnolda-Chiariego, a odpowiednio u 3 (12%) i 7 (30%) hipo-
plazjê mó¿d¿ku i pnia mózgu.
WWnniioosskkii:: Badanie RM samej przepukliny oponowo-rdze-
niowej nie jest wystarczaj¹ce. Klinicyœci powinni rozwa¿yæ
wykonanie badañ obrazowych ca³ej osi nerwowej u chorych
na przepuklinê oponowo-rdzeniow¹.

SS³³oowwaa  kklluucczzoowwee::  wady rdzenia krêgowego z grupy dysrafii,
przepuklina oponowo-rdzeniowa, rezonans magnetyczny, mózg.
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IInnttrroodduuccttiioonn

Spinal dysraphism encompasses a heterogeneous
group of congenital spinal anomalies that result from
defective closure of the neural tube [1]. Tortori-Donati
et al. proposed a simple classification of spinal dys-
raphism based on clinical and MRI findings [2].
Although the closed form of spinal dysraphism may be
asymptomatic, the open form is usually associated with
several disabilities. Myelomeningocele is the most com-
mon type of open spinal dysraphism and results from
failed closure of the caudal end of the neural tube dur-
ing the fourth week of gestation, in which there is a pro-
trusion of a portion of the spinal cord through a mid-
line bony defect of the spine, forming an open lesion or
sac containing cerebrospinal fluid and dysplastic neur-
al tissue [3]. The vast majority of myelomeningoceles
are sacral or lumbosacral in location. However, thoracic
and cervical myelomeningoceles exist [1,2].

There has been a significant decrease in the num-
ber of infants born with myelomeningocele, because of
improved maternal nutrition and wider availability of
prenatal diagnostic tests, namely maternal serum alpha-
fetoprotein screening and real-time ultrasonography
[4]. Closure of this abnormality should be performed
in the early postnatal period, whereas approximately
330 cases of intrauterine repair have been performed
in specialized centres worldwide [1,4,5]. Depending
on the location of the defect, considerable neurologi-
cal deficits occur. Patients usually suffer from lower
limb paralysis and sensory loss, bladder and bowel dys-
function [1]. 

Myelomeningocele has also been associated with
multiple cerebral defects that are directly related to intel-
lectual and cognitive function [6-8]. Hydrocephalus
has been suggested as the main cause of any cognitive
dysfunction [9-11]. Furthermore, Vinck et al. suggest-
ed that several cognitive deficits may be attributed apart
from hydrocephalus to Arnold-Chiari malformation
[12]. Regarding cerebral findings in patients with
myelomeningoceles, the majority of studies evaluated
patients of all age groups. In the present study we eval-
uated cerebral abnormalities accompanying myelo -
meningocele in children under one year of age.

MMaatteerriiaall  aanndd  mmeetthhooddss

From June 1995 to June 2008, 42 patients with
myelomeningocele were treated in ‘Agia Sofia’ Chil-

dren’s Hospital. All patients underwent imaging stud-
ies of the entire neuraxis within a week from presenta-
tion. Among them, 24 patients were evaluated by both
spinal and brain magnetic resonance imaging (MRI)
and were enrolled in the study. The remaining patients
were excluded from the study because they were evalu-
ated by brain computed tomography.

There were 13 males and 11 females (mean age 
1.5 months at MRI study, range: 1 day – 11 months).
The spinal lesions were located in the lumbar region in
22 patients and in the sacral region in 2 patients. Brain
and spinal MRI was performed with a 1.0 T Siemens,
Harmony MRI scanner. All patients had T1-weighted 
(Tr = 500 ms, Te = 8.9 ms) and T2-weighted (Tr =
4000 ms, Te = 105 ms) examinations in axial, sagittal
and coronal planes. All examinations were evaluated by
two independent experienced paediatric radiologists (one
of whom was a paediatric neuroradiologist); any possi-
ble disagreements were resolved by consensus.

NNeeuurrooiimmaaggiinngg  ddiiaaggnnoossttiicc  ccrriitteerriiaa

Chiari I malformation was defined as inferior dis-
placement of the cerebellar tonsils 5 mm or greater below
the foramen magnum. Chiari II malformation was
defined as displacement of the brainstem and lower cere-
bellum into the cervical spinal canal and the presence of
a small posterior fossa. Cerebellar hypoplasia was diag-
nosed when one or both cerebellar hemispheres were
small with short but normally arranged fissures. Brain
stem hypoplasia was diagnosed when the brainstem had
reduced sagittal dimensions and the anterior curvature
of the pons was flattened. Small posterior fossa was diag-
nosed when the posterior fossa had reduced sagittal
dimensions with a corresponding steeply inclined ten-
torium. Regarding definition of white matter matura-
tion, on T1-weighted images the intensity of white mat-
ter relative to grey matter increased with maturation and
on T2-weighted images maturation was interpreted as
reduction in intensity of white relative to grey matter.
Partial agenesis of the corpus callosum was defined as
absence of a part of the corpus callosum. Hypoplasia of
the corpus callosum was defined as thin corpus callo-
sum.

RReessuullttss

The cerebral abnormalities associated with
meningomyelocele are summarized in Table 1.

Cerebral abnormalities in myelomeningocele
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SSuupprraatteennttoorriiaall  aabbnnoorrmmaalliittiieess  

Hydrocephalus was an almost constant finding and
was found in 21 (87.5%) patients. The occipital horns
were dilated more than the frontal and temporal horns
in 4 (16%) of the patients. Children presenting with
hydrocephalus required immediate shunting. A cyst
near the third ventricle and multiple small cysts on
either side of the interhemispheric fissure were observed
in 2 (8%) patients, respectively. Enlargement of sub-
arachnoid spaces was observed in 4 (16%) patients.
Total agenesis of the corpus callosum was observed in
2 (8.3%) patients, both of whom had colpocephaly. Par-
tial agenesis of the corpus callosum was seen in 4 (17%)
patients, 1 of whom also had polymicrogyria, and
hypoplasia of the corpus callosum was observed in 
8 (33%) patients. Absence of the septum pellucidum
was observed in 2 (8%) patients. Another common
finding was the presence of a wide interhemispheric fis-

sure that was observed in 10 (41%) patients. Six of
them also had corpus callosum abnormalities.
Colpocephaly was observed in 3 (12%) patients. Abnor-
mal white matter maturation was observed in 2 (8%)
patients and heterotopic grey matter was also observed
in 2 other (8%) patients. 

IInnffrraatteennttoorriiaall  aabbnnoorrmmaalliittiieess

A small posterior fossa was observed in 18 (74%)
patients. Chiari type II was observed in 13 (54.6%)
patients, whereas, interestingly, 3 (12.5%) patients had
Chiari I malformation. In 2 cases of Chiari II malfor-
mation, a cervicomedullary kink was also noted. All
patients with Chiari II were symptomatic and were treat-
ed surgically. A suboccipital craniectomy and C1
laminectomy with or without duroplasty was performed.
Hypoplasia of the cerebellum was observed in 3 (12%)
patients, whereas hypoplasia of the brain stem (mainly
pontine hypoplasia) was observed in 7 (30%) patients.
Cervical syrinx was found in 1 patient. 

DDiissccuussssiioonn

Myelomeningocele has been associated with multi-
ple cerebral defects that have been based mostly on
autopsy studies. By means of MRI only a few studies
have evaluated patients of all age groups with
myelomeningocele [6-8]. In the present study, after eval-
uation of the cerebral abnormalities in children under
one year of age, we found a spectrum of accompanying
disorders.

Hydrocephalus is a common finding in patients with
myelomeningocele, usually appears 2-3 days after
surgery and requires a shunt placement. Talamonti et al.
reported that 78% in a series of 220 patients with
myelomeningocele were treated for hydrocephalus [13].
Furthermore, Just et al. in a series of 44 patients with
myelomeningocele reported that hydrocephalus was
observed in 27 patients [6]. The size of the lateral ven-
tricles may vary; symmetric and asymmetric dilatation
can be observed [6]. In our series, the occipital horns
were dilated more than the frontal and temporal horns
in 4 patients, a finding that has been noted in congeni-
tal hydrocephalus from other aetiologies as well. Fur-
thermore, colpocephaly was noted in 12% of our
patients.

Anomalies of neuronal migration that usually cause
seizures and variable developmental retardation have

NNoo..  %%

SSuupprraatteennttoorriiaall  

Lateral ventricular dilatation     21 87.5

Corpus callosum

Total agenesis 2 8.3

Partial agenesis 4 17

Dysplasia 8 33

Wide interhemispheric fissure 10 41

Missing septum pellucidum 2 8

Colpocephaly 3 12

Enlargement of subarachnoid spaces 4 16

Heterotopic grey matter (periventricular) 2 8

Immature white matter 2 8

Polymicrogyria 1 4

IInnffrraatteennttoorriiaall

Small posterior fossa 18 74

Chiari malformation 16 67

Chiari malformation I 3 12.5

Chiari malformation II 13 54.6

Hypoplasia of cerebellum 3 12.5

Hypoplasia of brainstem 7 30

Cervical syringe – hydromyelia 1 4

TTaabbllee  11..  Magnetic resonance imaging findings of the 24 patients

George A. Alexiou, Maria K. Zarifi, George Georgoulis, Eleni Mpouza, Christiana Prodromou, Athina Moutafi, Marina Anagnostakou, George Sfakianos, Neofytos Prodromou



NNeeuurroollooggiiaa  ii  NNeeuurroocchhiirruurrggiiaa  PPoollsskkaa 2011; 45, 1 21

Cerebral abnormalities in myelomeningocele

been reported in association with myelomeningocele
[14,15]. In an autopsy study, Gilbert et al. noted cere-
bral heterotopias in 92% of children who died with
myelomeningocele [15]. Just et al. described this mal-
formation in 6 out of 44 patients [6]. In our study, small
nodules of heterotopic grey matter along the occipital
horns were observed in 2 patients. Furthermore, 
in 2 patients features of abnormal white matter matura-
tion were seen. Hasan et al. recently studied white mat-
ter microstructural abnormalities in children with
myelomeningocele by means of diffusion tensor tracto -
graphy and reported abnormal white matter develop-
ment and persistent degeneration with increased age 
re la  tive to control patients [8]. Juranek et al. also studied
the total cerebral volumes, neocortical surface area, 
and neocortical thickness in children with myelomeningo-
cele and found a significant 15% reduction in total white 
matter and a 69% increase in cerebrospinal fluid, with no
differences in total grey matter relative to the control
group [16]. Additionally, there was a significantly small-
er neocortical surface area in the occipital regions [16].

Total or partial agenesis of the corpus callosum is
a common finding in patients with myelomeningocele.
Just et al. reported a frequency of 56% of partial age-
nesis of the corpus callosum and Kawamura et al.
observed partial agenesis of the corpus callosum in 50%
of patients [6,7]. Polymicrogyria, a cause of epilepto-
genesis and mental retardation, has been observed in

33% of patients with myelomeningocele [7,17]. In our
study, polymicrogyria was observed in 1 patient. Absence
of the septum pellucidum is a frequently reported abnor-
mality in patients with myelomeningoceles that usually
occur with abnormalities of the corpus callosum [6, 
18-20]. In our study, there were 2 patients with absence
of the septum pellucidum, 1 of whom had partial agen-
esis of the corpus callosum.

Concerning infratentorial abnormalities, the best
known and best documented in patients with myelo -
meningocele is Chiari malformation type II. Just et al.
found Chiari malformation in 76% of patients [6]. 
In our series, we observed Chiari malformation in 67%
of our patients. The presentation of symptomatic Chiari
may vary depending on the child’s age. Worley et al.
reported that 23% of children with spina bifida were
symptomatic from Chiari II malformation at some point
but only 17% required hindbrain decompression [21].
Nevertheless, decompression should be performed 
early for symptomatic Chiari II in order to promote
a prompt and full neurological recovery [22,23]. 
Likewise, in our study all patients with Chiari II mal-
formation were symptomatic and operated on. 
Inte restingly, 3 patients showed features of Chiari
I mal for mation. This type of Chiari malformation is
an unusual finding in patients with myelomeningocele,
but it has been described in cases of closed spinal 
dysraphism [24].

FFiigg..  11.. A) Sagittal MRI of an 11-day-old boy demonstrating thin corpus callosum, Chiari malformation type II and hydrocephalus. B) Axial MRI of a 3-month-old
girl revealing absence of the septum pellucidum,  hydrocephalus and small cysts near the occipital horns
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In 74% of our patients a small posterior fossa was
present. Another common finding was brain stem and
cerebellar hypoplasia, which can result in the patient’s
neurological deterioration. Cervical syrinx was also
observed in 1 patient. Just et al. reported that syrinx
occurred in all sections of the spinal cord and the size
varied from small circumscribed cavities to considerable
lesions extending to the total length of the cord [6]. Cal-
darelli et al. observed the presence of syrinx in 32/142
patients with spina bifida and concluded that the inci-
dence of syrinx is actually higher than that reported in
the literature but not all lesions are symptomatic [25].
Therefore, close follow-up is mandatory for patients at
risk for neurological deterioration.

Apart from MRI, computed tomography and ultra-
sonography have been used as alternative imaging tech-
niques [18,19,26]. Nevertheless, computed tomogra-
phy has the disadvantage of radiation exposure and
ultrasonography has a limitation in the evaluation of the
posterior fossa, lower resolution and operator depen-
dence. Furthermore, ultrasonography is limited to
patients with open sutures and fontanelles. MRI is the
imaging procedure of choice with the advantages of
absence of ionizing radiation, and the capacity to pro-
duce images in planes with any orientation, providing
excellent visualization of the brain and spinal cord [27].

Our study has several potential limitations. First, we
did not perform volumetric measurements that would

provide a more accurate characterization of our find-
ings. Second, this study focused on the structural find-
ings of brain MRI and did not address the predicted
and actual long-term functional outcomes. Furthermore,
we excluded patients with other types of spinal dys-
raphism. Investigation of the spinal and brain findings
in these cases would be very interesting. This is the pur-
pose of an ongoing study in our institute.

CCoonncclluussiioonnss

1. Brain imaging studies in these patients at an early age
are of great importance.

2. Furthermore, the detection of possible structural brain
abnormalities that are associated with neurocognitive
development may provide clues to predict patient
prognosis.
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