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Abstract
Background and Objective: There is a known association between 
Chiari malformation and occipital encephalocele. We aim to identify 
the frequency of Chiari II-like neuroimaging findings and  radiologic 
and clinical outcomes after surgical repair in pediatric patients with 
cephalocele.  

Materials and Methods: Retrospective review of brain CT and MRI of 
children with cephalocele between 1/1/2011-11/30/2021 was performed 
in consensus. Demographic, clinical and surgical data were recorded. 
The location and size of defect, type of herniated tissue, posterior fossa 
size, hindbrain herniation (HH) into the upper spinal canal, tectal beaking 
(TB), cortical malformation (CM), corpus callosum abnormalities and 
hydrocephalus were collected. Clinical and radiologic outcome were noted. 

Results: Twenty-six patients were included (19 females, 73%) with mean 
age at diagnosis 121+/-565 days. Neuroimaging showed occipital defect 
in 23 (89%), meningoencephalocele in 18 (69%) and small posterior fossa 
in 18 (69%). HH was present in 12 (46%), TB in 5 (19%) and CM in 11 
(42%). No hydrocephalus in 15 (58%), normal corpus callosum in 11 (42%) 
patients. One patient did not have documented clinical follow-up note. 
Sixteen (64%) had good outcome. No statistically significant difference 
in clinical outcome regarding the radiologic findings at diagnosis. Small 
posterior fossa (p=0.04) and presence of HH (p=0.001) on initial imaging 
was associated with postsurgical HH. Defect location (p=0.03) and 
presence of hydrocephalus (p=0.01) on initial imaging was associated with 
postsurgical hydrocephalus.  

Conclusions: Less than half of cephalocele patients demonstrate 
Chiari II-like findings on initial imaging. Variable changes in HH and 
hydrocephalus occur following surgery suggesting that it is an acquired 
deformity sequence.
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Introduction
Cephalocele refers to the extracranial herniation of intracranial structures 

through a defect in the cranium [1,2]. Cephalocele can be classified based 
on the defect location as anterior or posterior and on the type of protruding 
structures through this defect as meningoencephalocele (cerebrospinal fluid 
(CSF), brain tissue and meninges), meningocele (CSF and meninges), atretic 
(dura, fibrous and degenerated brain tissue) and gliocele (CSF-containing 
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glial-lined cyst) [1,2]. Multiple congenital central nervous 
system anomalies are reported in association with cephalocele 
including, but not limited to, Chiari malformation, corpus 
callosum agenesis, microcephaly, schizencephaly, thalamic 
fusion, Dandy-Walker malformation and Walker-Warburg 
syndrome [2]. The prognosis of patients with cephalocele 
depends on multiple factors that can be determined by 
imaging studies including the location and size of the defect, 
herniated contents, the presence of hydrocephalus and 
associated malformations [3]. For instance, the presence 
of hydrocephalus was found to be associated with worse 
neurological outcome [2]. The classification of Chiari 
malformations has evolved over time since the original 
description by Chiari with multiple overlapping imaging 
features [4]. The herniation of posterior fossa contents along 
with low occipital and high cervical cephalocele is usually 
reported as Chiari III malformation [5,6]. However, many 
radiologists tend to be more descriptive of the Chiari II-
like findings associated with occipital cephalocele rather 
than classifying these cases as a discrete entity of Chiari III 
malformation. In our institution, we noticed that some of 
these patients have “acquired” Chiari II-like findings (low 
positioning of the cerebellar tonsils) on their follow up scan. 
Hence, the aim of this study is to determine the frequency 
of Chiari II-like neuroimaging findings in pediatric patients 
with cephalocele and to evaluate the radiologic and clinical 
outcome after surgical repair of cephalocele as well as to 
assess the proposed suggestion that Chiari II-like findings 
are part of an acquired dynamic deformation sequence rather 
than a primary malformation.

Materials And Methods
The study was approved by the Institutional Review 

Board of our institution and patient consent was waived.

Study design and data collection
A retrospective study was performed in pediatric 

patients (age < 18 years) with a cephalocele between 
1/1/2011 and 11/30/2021. Patients were identified through 
an electronic radiological database search using key words 
“cephalocele”, “meningoencephalocele”, “meningocele” 
and “encephalocele” on computed tomography (CT) and/or 
magnetic resonance imaging (MRI) reports. Only children 
with congenital cephalocele were included. Children who had 
an acquired cephalocele after trauma or surgical procedure 
were excluded.  Demographic (age and sex) and surgical 
(intervention for cephalocele, surgical findings and ventricular 
shunt placement) data were recorded from the medical charts. 
Clinical findings obtained from the last clinical follow-up 
included patients’ developmental milestones which were 
summarized as good or poor outcome based on the pediatric 
neurosurgery and/or neurology notes. Death rate was also 
recorded. Pre- and postoperative radiologic findings at the 
initial diagnosis and at the last follow up were reviewed 

in consensus by two readers (GO with 8 years of pediatric 
neuroradiology experience and RS with 3 years of pediatric 
radiology experience). The pre-surgical imaging findings 
included location (occipital, parietal, frontonasal, and basal) 
and size of the defect (mild, moderate and severe), type of 
herniated tissue (meningocele and meningoencephalocele), 
posterior fossa size (normal, large, relatively small and 
significantly small), presence of hindbrain herniation (HH) 
into the upper spinal canal, tectal beaking (TB), cortical 
malformation (CM), corpus callosum abnormalities and 
hydrocephalus. The qualitative scoring classification of the 
defect size and posterior fossa size was based on subjective 
reader evaluation. Additional abnormalities were also 
recorded, when present, such as microcephaly, gray matter 
heterotopia and schizencephaly. The post-surgical imaging 
studies were evaluated for the hindbrain herniation and 
hydrocephalus outcome which were classified as: stable and 
absent, stable and present, improved, resolved, worse and new.  
The duration between surgical intervention for cephalocele 
and last follow-up imaging modality and duration between 
surgical intervention and last clinical visit were calculated. 

Statistical analysis
Statistical analysis was performed using SPSS Statistics 

for Windows, version 27. 0 (SPSS Corp., Armonk, NY, 
USA).  Comparison of the pre-surgical radiologic findings 
were conducted between two groups of patients based on 
their clinical outcome (good versus poor). The comparison 
between these two groups regarding the new development 
or resolution of HH was conducted. Additional comparisons 
between the post-surgical hindbrain herniation and 
hydrocephalus outcome with pre-surgical radiologic findings 
were also conducted. Chi-square test was used. Statistical 
significance was defined as p ≤ 0.05.

Results
Twenty-six patients were included (19 females, 73%) 

with mean age at diagnosis 121+/-565 days. Initial postnatal 
evaluation of cephalocele was made by MRI in 24 patients 
(92%) and by CT in 2 (8%). The defect was occipital in 
23 patients (88%), parietal in 2 (8%) and frontonasal in 1 
(4%). Eight patients had a meningocele (31%) and 18 had a 
meningoencephalocele (69%). Posterior fossa was normal in 
7 patients (27%), large in 1 (4%) and small in 18 (69%).  HH 
was present in 12 patients (46%), TB in 5 (19%) and CM in 
11 (42%). There was no hydrocephalus in 15 patients (58%). 
The corpus callosum was normal in 11 patients (42%).  The 
mean age at the time of surgical intervention was 131 +/- 
573 days. Ventriculoperitoneal (VP) shunt placement and/or 
endoscopic third ventriculostomy (ETV) were performed in 
15 patients (58%) with mean age 104 +/- 123 days. Mean 
clinical follow up duration was 42 (range 1-207) months after 
surgery. One patient did not have a clinical follow-up note 
documented in the chart. Sixteen children (64%) had good 
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outcome and 9 (36%) had poor outcome. Three children 
(12%) died. Mean duration to last CT follow-up was 34 
(range 1-166) months and to last MRI follow-up was 27 
(range 1-147) months after surgery. Twenty-two patients had 
available imaging on follow up. On the follow-up imaging, 
HH was stable and absent in 6 patients (27%), stable and 
present in 3 (14%), improved in 2 (9%), resolved in 4 (18%), 
worse in 2 (9%) and new in 5 (23%). Hydrocephalus was 
absent in 7 patients (32%), improved in 2 (9%), resolved 
in 3 (14%), worse in 6 (27%) and new in 4 (18%). Tables 
1 and 2 summarize the demographic, clinical, radiologic 
and surgical data. When comparing the radiologic findings 
at the initial scan between the two groups of good versus 
poor clinical outcome, there was no statistically significant 
difference in outcomes. Regarding post-surgical development 
and resolution of hindbrain herniation in these two groups, 
19% (3/16) versus 22% (2/9) developed HH and 6% (1/16) 
versus 33% (3/9) had resolved HH, in patients with good and 
poor outcome, respectively. When comparing the initial and 
follow-up radiologic findings, we found that postsurgical HH 
was more common if it was present on preoperative imaging 
(p=0.001) and if there was small posterior fossa (p=0.04) 
on initial imaging. We also found that defect location 
(p=0.03) and presence of hydrocephalus (p=0.01) on initial 
imaging was associated with the presence of postsurgical 
hydrocephalus. Tables 3 and 4 summarize the comparisons 
between the different groups regarding radiologic findings 
and outcome, and clinical outcome. The imaging findings of 
two children with different clinical and radiologic outcome 
were shown in Figures 1 and 2.

Discussion 
The majority of our patients (89%) had an occipital 

encephalocele which is known to be more common in the 
Western countries compared to sincipital encephalocele 
which is more commonly found in Asian population [3]. 
Posterior fossa malformations are commonly described with 
occipital encephaloceles including Chiari malformation 
and Dandy-Walker malformation with associated corpus 
callosum abnormalities [1,3,7]. In our cohort, several Chiari 

Figure 1: 1-day old female with occipital 
meningoencephalocele. Sagittal T1-weighted image (A) of 
brain MRI shows a large defect in the midline of the occipital 
bone through which a small amount of cerebellar tissue and 
meninges herniate (double arrow). There is small posterior 
fossa with posterior displacement of its content and brainstem 
towards the occipital defect and associated tectal beaking. 
Axial T2-weighted image (B) demonstrates severe lateral 
ventriculomegaly and periventricular nodular heterotopia 
(black arrow). The infant underwent surgical repair 7 days 
later and had a postoperative MRI in one week. Sagittal T2-

SPACE (C) shows postoperative changes with resolution 
of hindbrain herniation, persistent dorsal angulation of the 
brainstem with kinking at cervicomedullary junction (blue 
arrow) and tectal beaking (white arrow). Axial T2-SPACE 
(D) demonstrates periventricular nodular heterotopia (black 
arrow) and worsening of supratentorial ventriculomegaly. 
This was followed by ventriculoperitoneal shunt placement 
(arrow head) with interval decompression of the lateral and 
third ventricles as demonstrated on coronal CT image of 
the brain (E). On further clinical follow-up within one year, 
patient was meeting her developmental milestones.     

Figure 2: 1-day old male with occipital meningoencephalocele. 
Sagittal T1-weighted image (A) of the brain MRI shows a small 
posterior calvarial defect through which dysplastic occipital brain 
parenchyma and meninges herniate (white arrow). The posterior 
fossa is large and encysted with superior displacement of the 
tentorium and torcular herophili, dysplastic cerebellar hemisphere 
and vermis with no hindbrain herniation. The corpus callosum is 
fully formed. Axial T2-weighted images (B, C) demonstrate left 
occipital polymicrogyria (blue arrow) and left occipital open lip 
schizencephaly (arrow head). Two days later, the infant underwent 
surgical repair. On follow-up scans, there has been interval increased 
size of the encysted large posterior fossa with secondary increased 
mass effect on the posterior fossa content and supratentorial 
structures, as demonstrated on the sagittal T1-weighted (D), sagittal 
and coronal T2-SPACE (E, F). There is also secondary hindbrain 
herniation with low-lying cerebellar tonsils to the level of C1 (green 
arrow). A defect is noted in the third ventricular floor related to 
interval third ventriculostomy (black arrow). The patient showed 
delayed developmental milestones.
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patients with good outcome versus 3 with bad outcome. The 
limitations of this study are due to its relatively small sample 
size and retrospective nature; no standardized uniform clinical 
functional assessment was adopted to objectively evaluate 
the clinical outcome of children and longer clinical follow-
up might identify developing learning or developmental 
disabilities in children who were labeled to have good clinical 
outcome after surgery. Otherwise, most queried information 
was available for the majority of patients. Prospective studies 
focusing on the risk factors for poor neurological outcome 
following surgical repair of cephalocele, such as neural tissue 
volume within the cephalocele, hydrocephalus and associated 
anomalies, would help clinicians and surgeons in dictating 
management and counseling the parents about the predicted 
outcome and long term consequences.

Conclusion
Neuroimaging findings in children with cephalocele might 

help predicting outcome, particularly Chiari II-like findings 
which might be related to a progressive acquired deformity 
sequence rather than a primary posterior fossa malformation.
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