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ABSTRACT

Background: Congenital meningoencephaloceles are rare malformations involving the herniation of intracranial
contents through skull base defects. Endoscopic endonasal surgery (EES) is now standard, although transnasal
repair is particularly challenging in infants due to small nasal cavities and immature skull-base anatomy. This case
highlights early endoscopic repair of a congenital meningoencephalocele in an infant, contributing to the limited
pediatric literature.

Case Description: A 17-month-old girl with extreme prematurity presented with noisy breathing and persistent
clear rhinorrhea, later confirmed as a cerebrospinal fluid leakage. Imaging identified a right ethmoidal
meningoencephalocele originating from a cribriform plate defect, confirmed on computed tomography (CT) and
magnetic resonance imaging (MRI). She underwent endoscopic resection and multilayer skull base repair using
a fat graft as a plug, reinforced with oxidized regenerated cellulose, a right nasoseptal mucosal flap, and fibrin
glue. Recovery was uneventful, and follow-up MRI confirmed closure without recurrence. Surgical planning
involved coordination among neurosurgery, otolaryngology, and neuroradiology teams to optimize access and
repair strategy.

Conclusion: EES is considered the gold-standard approach for anterior skull base meningoencephaloceles,
although anatomical constraints make the procedure challenging in infants. In this patient, EES was successfully
performed using tailored techniques and materials, illustrating that the approach can be reproduced in other
young children. Transcranial approaches remain an alternative when endonasal access is limited. Early surgery
in symptomatic cases prevents complications such as meningitis. Careful planning and coordination among
specialties support optimal outcomes in complex pediatric skull base surgery.
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INTRODUCTION

A congenital meningoencephalocele is a broad term for a rare cranial malformation
characterized by herniation of intracranial contents through a skull defect. Depending
on the herniated contents, the lesion may be referred to as a meningocele, encephalocele,
meningoencephalocele, or ventriculocele.'"'>'”1  Meningoencephaloceles account for
approximately 10-20% of neural tube defects and are classified according to their anatomical
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location. Skull base meningoencephaloceles are uncommon,
and ethmoidal meningoencephaloceles are also infrequently
encountered within this group, representing only 2-10% of
all meningoencephaloceles. Their occurrence is uncommon
across all racial and geographical groups.'® Clinical
presentation includes nasal obstruction, cerebrospinal
fluid leakage (CSF), rhinorrhea, recurrent meningitis,
and, rarely, craniofacial deformities; however, some cases
remain asymptomatic and are detected incidentally.!"+71]
Imaging is essential for diagnosis. Computed tomography
(CT) accurately delineates bony defects and craniofacial
anatomy, while magnetic resonance imaging (MRI) provides
superior soft tissue assessment and identifies associated
malformations.!"*>*”l Combining both modalities enhances
diagnostic accuracy.™ Vascular involvement should also
be assessed with MRI or conventional angiography when
indicated.!*!”]

Historically, congenital meningoencephaloceles — were
repaired through open craniotomy, associated with
significant morbidity and esthetic concerns. The
development of minimally invasive endoscopic techniques
in adults has provided a foundation for similar approaches
in pediatric patients, although anatomical immaturity and
small operative corridors pose additional challenges in
infants.®!® In pediatric patients, especially infants, surgery
was traditionally delayed until after 2-3 years of age due
to concerns regarding anatomical immaturity, limited
endonasal access, and the risk of interfering with craniofacial
development.*1>18) However, recent reports demonstrate
that early repair through endoscopic endonasal surgery
(EES) is increasingly feasible and safe, even in very young
children.®!®! Given the complex skull base anatomy and the
potential for cerebrovascular involvement, evaluation and
treatment typically require coordinated multidisciplinary
input, particularly from Neurosurgery (NS), Otolaryngology
(ENT), and Neuroradiology (NR) teams. Here, we report
a case of a 17-month-old child undergoing successful
early endoscopic repair of a congenital ethmoidal
meningoencephalocele, illustrating the feasibility and safety
of this approach in very young pediatric patients.

CLINICAL CASE

We report the case of a 17-month-old female infant born
at 26 weeks of gemelar gestation, with a history of invasive
ventilation in the neonatal period, patent ductus arteriosus
(left-to-right shunt, not hemodynamically significant),
and gastroesophageal reflux. No relevant family or genetic
history was reported. From birth, she experienced noisy
breathing and snoring, which worsened during sleep. At
11 months, she developed persistent clear rhinorrhea,
more pronounced when crying, and initially attributed to
recurrent rhinosinusitis. There were no episodes of fever,

Surgical Neurology International « 2026 « 17(105) | 2

seizures, feeding difficulties, or inconsolable crying. The
persistence of symptoms and lack of response to standard
treatments prompted evaluation for CSF leakage. During
hospitalization for hypoxemic pneumonia, analysis of the
nasal discharge revealed the presence of [2-transferrin,
confirming the diagnostic suspicion. Cranial CT showed a
skull base defect in the right cribriform plate, immediately
posterior to the crista galli, measuring approximately
10 mm (AP) x 5 mm (transverse). A transethmoidal mass
protruded into the right nasal cavity, nearly filling it and
causing choanal narrowing and contralateral deviation of the
nasal septum. Only the ethmoid and maxillary sinuses were
pneumatized at this age, confirming the ethmoidal origin of
the defect [Figures 1-3]. MRI corroborated these findings
and demonstrated herniation of brain parenchyma through
the defect into the right nasal fossa [Figures 4-6]. Differential
diagnoses considered at presentation included chronic
rhinosinusitis, congenital nasal masses such as dermoid cysts
or nasal gliomas, and nasal foreign bodies. The most likely
diagnosis was a right ethmoidal meningoencephalocele.
Prognosis was favorable with timely surgical repair.

At the time of diagnosis, the patient started receiving
antibiotics for hypoxemic pneumonia, and no additional
antibiotics were initiated, as there were no clinical or
laboratory signs of meningitis. Given the risk of complications
such as meningitis if left untreated, timely elective endoscopic
endonasal excision was planned following discussion in a
multidisciplinary team, including NS, ENT, and NR, with a
favorable prognosis expected after successful surgical repair.

Under general anesthesia, a fat graft was initially harvested
from the left gluteal region. Nasal decongestion was achieved
with pledgets soaked in 1:100,000 adrenaline, applied
topically to the nasal mucosa only, avoiding direct contact
with exposed brain tissue. Using a four-hands technique
and 2.7-mm 0° and 30° endoscopes, a mass occupying
the right nasal cavity was identified. Careful progressive
ablation of the meningoencephalocele was performed using
bipolar cautery and surgical scissors, gradually reducing
the mass and allowing exposure of the bony margins. The
expected course of the anterior and posterior ethmoidal
arteries was noted based on anatomical landmarks, and care
was taken to avoid injury. A right nasoseptal pediculated
flap was prepared for later reconstruction. The defect was
reconstructed in a multilayer fashion: the fat graft was placed
as an inlay plug, reinforced with a double layer of oxidized
regenerated cellulose (ORC) as an overlay. The nasoseptal
flap was then applied over the defect. Fibrin glue was added
to secure the reconstruction. No fascia lata or heterologous
grafts were used. No CSF leak was observed intraoperatively,
as confirmed by Valsalva maneuvers. Nasal packing consisted
of Merocel®, which was removed on postoperative day 2.
Lumbar drainage was not used.
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Postoperatively, the patient remained stable. She stayed
in the intensive care unit for 24 h, during which she was
hemodynamically stable and maintained spontaneous
ventilation on room air. No seizure prophylaxis was
deemed necessary. A cranial CT scan was obtained within
the first 6 postoperative hours to exclude major surgical
complications such as intracranial hemorrhage or significant
pneumocephalus, despite the patients favorable -early
neurological course. Postoperative care included head-of-bed
elevation at 30°, continued breastfeeding with precautions to
avoid excessive negative nasal pressure, and the use of stool
softeners to prevent straining and increases in intracranial
pressure. She was up to date with routine childhood
immunizations, including protection against Streptococcus
pneumoniae and Neisseria meningitidis. Nasal packing
was removed on day 2 by the ENT team. The procedure
was uneventful, with no signs of significant bleeding; only
a small amount of serohematic secretion was noted. She
was discharged on day 9 after completing a 10-day course
of amoxicillin-clavulanic acid. The patient’s parents were
instructed to gently clean the nostrils with a moist compress,
avoiding nasal irrigations or intranasal corticosteroids. After
discharge, they were advised to continue gentle nasal care,
applying saline drops and avoiding forceful nose blowing.

Although routine postoperative imaging is not typically
indicated after skull base reconstruction and the patient
had no clinical suspicion of active CSF leakage, a follow-up
MRI at 1 month was performed noninvasively to confirm the
integrity of the skull base repair, verify correct positioning of
the fat graft, assess mucosal healing, and exclude postoperative
complications such as pneumocephalus, hemorrhage,
residual herniated tissue, or infectious or inflammatory
collections. The MRI was obtained under general anesthesia
with rapid sequence intubation to minimize positive pressure
ventilation and reduce the risk of pneumocephalus. Imaging
confirmed appropriate positioning of the fat graft, absence
of residual meningoencephalocele or pneumocephalus,
and progressive mucosal healing. The patient was initially
evaluated by the ENT team every 15 days and thereafter
monthly for 3 months jointly by ENT and NS. During ENT
follow-up visits, the nasal cavities were examined, showing
no evidence of CSF leakage; small crusts were present and
were gradually removed. Tissue removed during follow-up
was sent for histopathological analysis, which revealed glial
heterotopia. The surgical intervention was well tolerated,
the patient adhered to prescribed therapy, and no adverse or
unanticipated events occurred.

DISCUSSION

Effective management of ethmoidal meningoencephalocele
requires a multidisciplinary approach, integrating NS,
NR, and ENT expertise. Conventionally, congenital

meningoencephaloceles were treated with transcranial
approaches, involving a bicoronal incision, frontal
craniotomy, and overlay of a pericranial flap to reconstruct
the anterior skull base.'41>1718] ‘While effective, these
techniques carry morbidity, including brain retraction,
frontal lobe dysfunction, intracranial hemorrhage or edema,
seizures, anosmia, and potential damage to craniofacial
growth centers.”® The transpalatal approach can also be
considered for low-lying lesions in select cases.”!

EES has emerged as the preferred technique due to its
minimally invasive nature and significant advantages over
traditional approaches.>**!4181 Concerns about performing
EES in very young children, such as narrow surgical
corridors and an underdeveloped skull base, have been
overcome with advancements in imaging and surgical
techniques.®” Insufficient pneumatization, once a barrier, is
now manageable with careful technique.l®’ The straight and
angled endoscopes improve visualization, often assisted by
septal deviation and turbinate displacement caused by the
lesion itself. ©!

Surgical timing is a critical factor in meningoencephalocele
management. Early intervention is indicated in symptomatic
cases with CSF rhinorrhea, as untreated CSF leaks carry a
high risk of ascending infection, respiratory obstruction,
recurrent meningitis, or visual disturbances.'”? Early
intervention also prevents facial distortion, especially in
ethmoidal meningoencephaloceles, which do not typically
involve significant brain structures."” The ideal age for
surgery remains debated. Many authors recommend delaying
surgery until 2-3 years old to optimize facial growth and
surgical access. However, in our patient, persistent CSF
rhinorrhea and a large ethmoidal defect justified repair
at 17 months. Although some reports, including a recent
systematic review by Li et al.,'"”! indicate that children under
2 years may face higher risks of postoperative complications,
such as CSF leaks and recurrence, early repair has been
increasingly favored, with studies by Gassab et al. (2013)F
and Mohindra ef al. (2015)!" demonstrating its feasibility
and success even in neonates.>'”!

Preoperative imaging is vital for determining the surgical
approach, as it allows precise assessment of the size and
location of the skull base defect, the surrounding cerebral
vasculature, and the native anatomy of the frontal sinus. In our
case, early surgical intervention was justified by the persistent
CSF rhinorrhea, the large cribriform plate defect (10 x
5 mm), and the sizable ethmoidal meningoencephalocele,
despite the patient’s young age.

The  decision-making  process  involved  careful
multidisciplinary discussion among experienced teams in
NS, ENT, and NR, emphasizing the importance of mutual
trust and prior collaboration in specialized centers. Two
potential surgical approaches were considered, and the
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Figure 1:

Axial computed
demonstrates the right nasal cavity filled with a soft
tissue density mass, while the left nasal cavity appears
well-aerated.

tomography image

Figure 2: Coronal computed tomography image showing
a 3.5 mm defect in the ethmoid bone, through which a
herniating encephalocele protrudes into the nasal cavity.

patient’s parents actively participated in the decision-making
process after being informed of the risks and benefits of
each strategy. A minimally invasive endoscopic endonasal
approach was chosen, supported by growing evidence of its
safety and efficacy in well-selected pediatric patients, and the
prognosis was considered favorable with successful repair.

A variety of surgical techniques for resection and
reconstruction of congenital nasal meningoencephaloceles
are available, depending on the lesion’s characteristics and
the surgeon’s experience.!) Most authors emphasize accurate
identification of the skull base defect, bipolar coagulation of
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Figure 3: Sagittal computed tomography image shows a right nasal
cavity meningoencephalocele. The bony defect in the cribriform
plate is clearly visualized.

Figure 4: Axial T2-weighted magnetic resonance

imaging demonstrates a right nasal cavity
myelomeningocele, appearing hyperintense, and
occupying the entire cavity.

the meningoencephalocele stalk, and precise delineation of
the defect for complete resection and successful multilayer
reconstruction.»**1¢l Reconstruction may involve single- or
multilayer techniques using autologous materials such as
fascia, fat, cartilage, bone, or vascularized flaps.>*>!* In our
case, the size of the bony defect required a multilayer closure
to prevent CSF leakage. Dissection using bipolar cautery
and surgical scissors was initially necessary to gradually
reduce the large meningoencephalocele and create sufficient
working space in the right nasal cavity. The sinonasal mucosa
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Figure 5: Coronal T2-weighted magnetic resonance imaging
demonstrating a right-sided ethmoidal bone defect with
protrusion of an encephalocele into the nasal cavity.

Figure 6: Sagittal T2-weighted magnetic resonance imaging
demonstrates a myelomeningocele occupying the right nasal cavity,
with a hyperintense signal and clear visualization of the lesions
extent in relation to surrounding structures.

was then gently removed to fully delineate the osseous
margins, allowing clear identification of the dural defect, after
which the neck of the meningoencephalocele was completely
ablated. At this point, a moderate CSF leak was observed,
confirming the dural opening. Many authors consider
the removal of the sinonasal mucosa and preparation of a
clean grafting bed crucial to optimize graft adherence and
ensure successful defect closure.* The created space then
allowed safe preparation of a pedicled nasoseptal flap. This
flap is particularly useful for larger defects and high-flow

CSF leaks, and has shown comparable success rates to other
flaps, such as middle turbinate flaps, but was chosen because
it is the technique which our team has the most experience
and consistently favorable outcomes.”%) While preparing
the flap, the anterior and posterior ethmoidal arteries were
not directly visualized, as their anatomical course was well
known to the team and deliberate avoidance was intended
to minimize the risk of injury and bleeding. A free fat graft,
previously tailored to slightly exceed the dimensions of the
defect, was placed as an inlay to ensure adequate filling of the
intradural space and promote an initial seal.

Fat plugs placed intradurally have been advocated to enhance
the seal, taking advantage of intracranial pressure.!'® This
was followed by an overlay of ORC to reinforce the repair.
The pedicled nasoseptal flap was then carefully applied over
the defect, covering the previous layers, and both Gelfoam
and fibrin glue were added to secure all elements in place. No
fascia lata or other autologous underlay grafts were used, as
the combination of fat, ORC, cartilage, and the nasoseptal flap
provided adequate closure given the size of the defect and the
absence of a high-flow CSF leak. We typically reserve fascia
lata underlay grafts for larger anterior skull base defects, as
advocated by some authors.!! No heterologous materials were
used in this reconstruction, because we consider that the
autologous components employed offer comparable efficacy
at lower cost, a strategy supported by current literature.'®! No
CSF leak observed following repeated Valsalva maneuvers.
The use of lumbar drainage is controversial. Some studies
suggest that it does not significantly improve closure success
and may introduce additional complications, while others
advocate its use to monitor intracranial pressure and identify
patients who may need permanent CSF diversion.*'® In our
case, lumbar drainage was not employed postoperatively,
as it was deemed unnecessary. This decision avoided the
additional discomfort such a procedure would cause in a
young child and reduced the risk of associated complications,
including central nervous system infections.

Postoperative management followed our established
institutional protocol. The patient was monitored in the
ICU for 24 h, maintaining hemodynamic stability and
spontaneous ventilation on room air. A cranial CT scan was
obtained within the first 6 postoperative hours to exclude
major surgical complications such as intracranial hemorrhage
or significant pneumocephalus, despite the patient’s favorable
early neurological course. Postoperative care included
head-of-bed elevation at 30°, continued breastfeeding with
precautions to avoid excessive negative nasal pressure, and
the use of stool softeners to prevent straining and increases
in intracranial pressure. Nasal packing was removed on day
2 by the ENT team, with no significant bleeding observed.
The patient was discharged on postoperative day 9 after
completing a 10-day course of amoxicillin-clavulanic acid,
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which had been initiated for a recent pneumonia and
maintained due to the presence of nasal packing. Parents
were instructed in gentle nasal care with saline drops,
avoiding forceful blowing or intranasal corticosteroids. The
patient was followed closely after discharge and recovered
well, with no CSF leak or neurological complications. During
the I postoperative month, she attended biweekly ENT
visits for endoscopic inspection of the nasal cavity, allowing
exclusion of CSF leakage and facilitating the removal of
crusts. She was subsequently evaluated monthly by both
ENT and NeS during the first 3 months. At the 1-month visit,
although she remained clinically well and exhibited no signs
of CSF fistula, we opted to obtain a follow-up MRI at 1 month
to noninvasively confirm the integrity of the skull base repair,
verify correct positioning of the fat graft, assess mucosal
healing, and exclude postoperative complications such as
pneumocephalus, hemorrhage, residual herniated tissue,
or infectious or inflammatory collections. We acknowledge
that some authors do not routinely perform postoperative
MRI when the patient is asymptomatic; however, in this
case, imaging provided additional reassurance of a stable
reconstruction. Given that skull base geometry can change
with growth, long-term follow-up is essential.’®! However,
complications such as CSF rhinorrhea, infection, and,
rarely, seizures or recurrence can still occur.'#!1”) The main
challenges in this case included the patient’s young age, the
large ethmoidal defect, and the need to balance early repair
with minimal morbidity. Advances in endoscopic techniques
and instrumentation have made earlier intervention in
young children both feasible and safe, achieving high success
rates and low morbidity in experienced centers.'¥ Equally
important is the continuous collaboration of a dedicated
multidisciplinary ~ team, which ensures meticulous
preoperative planning, intraoperative coordination, and
postoperative care, optimizing outcomes in these complex
pediatric cases.

Limitations of this report include its nature as a single-
case study, which may not be generalizable to all pediatric
patients, and the need for long-term follow-up to fully assess
growth-related changes, graft durability, and potential late
complications.

CONCLUSION

Early EES appears to be a safe and effective alternative
to  traditional craniotomy for congenital nasal
meningoencephaloceles, offering reduced morbidity and
faster recovery. Surgical timing should be carefully tailored to
the child’s age, symptom severity, and defect size, with early
intervention particularly beneficial in symptomatic cases
such as CSF rhinorrhea. When performed in specialized
pediatric centers, EES can achieve favorable outcomes
with minimal complications. This report contributes to the
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limited literature on early endoscopic repair of pediatric
ethmoidal meningoencephaloceles, providing guidance
for postoperative management and highlighting the
multidisciplinary approach required. Close collaboration
between NS, ENT, and NR teams is essential to optimize
surgical planning and ensure successful patient outcomes.
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