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Abstract
Intraorbital meningoencephalocele is a rare manifestation of neurofibromatosis type 1 (NF1) caused by secondary changes in
sphenoid dysplasia, and it seriously affects patients’ vision and facial appearance. We retrospectively analyzed the clinical data of
23 patients with NF1 and intraorbital meningoencephalocele, summarized the surgical strategies employed, and evaluated their
clinical efficacy in order to better understand its management in clinical practice, establish a reasonable surgical strategy, and
assess prognosis. Before surgery, 22 patients had unilateral pulsatile exophthalmos, 18 patients had significant visual impairment,
and 13 patients had ptosis associated with an orbital plexiform neurofibroma (PNF). All 23 patients underwent microsurgical
craniotomywith skull base reconstruction using a soft titaniummesh. Onemonth after surgery, the degree of exophthalmos in the
22 (95.65%) patients was significantly reduced compared with before surgery (P < 0.001), and ocular pulsation had subsided.
The visual acuity did not decrease significantly (P = 0.298) compared with before surgery. Eleven (47.83%) patients received
phase-II eyelid PNF resection and/or oculoplastic surgery, and the degree of ptosis was significantly reduced (P < 0.001). There
was no recurrence of pulsatile exophthalmos, displacement of titanium mesh, decreased visual acuity, or increased degree of
ptosis noted during follow-up. The best strategy is to reconstruct the skull base under microscopy to relieve pulsating exoph-
thalmos and preserve existing visual function. In cases of ptosis caused by an eyelid PNF, surgical resection should be performed
as soon as possible to remove the tumor, and/or oculoplastic surgery should be performed to improve the cosmetic outcome.
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Introduction

NF1 is an autosomal dominant genetic disease caused by mu-
tation of the NF1 gene on chromosome 17q11.2. The popula-
tion incidence is 1:2500–3500 [1–3]. NF1 has a variety of

clinical manifestations, which are classified as neoplastic
and non-neoplastic phenotypes. The neoplastic phenotype is
mainly characterized by neurofibromatosis, malignant periph-
eral nerve sheath tumors, or other tumors, whereas the non-
neoplastic phenotype is characterized by abnormal skin pig-
mentation (such as café-au-lait spots, freckle-like pigmenta-
tion, and pigmented iris hamartomas), learning disabilities, or
bone abnormalities [4–6]. Studies have shown that changes in
the expression of mutant or wild-type NF1 alleles play an
important role in the clinical phenotypes [1, 7–9].

According to the literature, 3–11% of patients with NF1
have sphenoid dysplasia, and imaging in these patients gener-
ally reveals oval enlargement of the orbital margin, posterior
orbital wall defects, and anteroposterior enlargement of the
middle cranial fossa [10–13]. However, not all sphenoid dys-
plasia results in intraorbital meningoencephalocele [12, 13].
The frontal or temporal lobes and even the brain tissue can
enter the orbital area through a large skull base defect and
cause intraorbital meningoencephalocele. Pulsation of the
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brain tissue can result in pulsating exophthalmos, eyeball dis-
placement, optic nerve compression, increased axial length,
and visual loss [14, 15]. If an eyelid PNF is present, it may
cause ptosis. As the eyelid PNF grows, the skin of the eyelids
can sag to the cheeks, causing severe facial deformity [16–18].

NF1 with intraorbital meningoencephalocele is rare and
has only been described in case reports or small studies. At
present, the lack of systematic research on the clinical features
and surgical strategies for this condition may affect therapeu-
tic outcomes. In this study, we retrospectively analyzed the
clinical features of 23 patients with NF1 and intraorbital
meningoencephalocele, summarized the surgical strategies
employed, and evaluated the surgical outcomes in order to
provide evidence for early diagnosis, establish a reasonable
surgical strategy, and assess prognosis in these patients.

Materials and methods

Patients

This study was approved by the Ethics Committee of The
Third Medical Center of Chinese PLA General Hospital.
Written informed consent was obtained from each patient or
their legal relatives. A total of 23 patients with NF1 and
intraorbital meningoencephalocele who underwent surgical
treatment in our hospital from January 2004 to December
2015 were included in this study. The inclusion criteria were
as follows: (1) the clinical diagnostic criteria for NF1 [19]
were met; (2) intraorbital meningoencephalocele was con-
firmed by imaging; (3) patients had no prior history of skull
base reconstruction; and (4) patients had complete clinical
data (detailed medical history, physical examination, preoper-
ative and postoperative imaging data, and preoperative and
postoperative ophthalmic examination). The exclusion criteria
were as follows: (1) patients with exophthalmos caused by
non-NF1-related tumors; (2) patients without confirmed diag-
nosis of intraorbital meningoencephalocele; and (3) patients
with non-NF1-related skull base or orbital deformity.

Imaging

All patients underwent preoperative and postoperative head
CT scan with 3D skull reconstruction. The three-dimensional
reconstructed images of the head CT were measured on the
imaging system software, and the maximum diameter of the
defec t was recorded . Diagnos i s o f in t rao rb i t a l
meningoencephalocele was confirmed by the head CT and
brain MRI. All patients underwent preoperative and postoper-
ative MRI on a MAGNETOM Trio Tim 3.0 T (Siemens,
Erlangen, Germany). Patients simultaneously underwent
gadolinium-diethylenetriamine pentaacetic acid (Gd-DTPA)–
enhanced scanning, in which neurofibromas present

homogeneous enhancement with clear boundaries. Tumor lo-
cations were determined based on MRI data. The presence of
neurofibromas identified onMRI scanwas confirmed by path-
ological examination.

Ophthalmologic examination

Evaluation of ocular impairment: all patients underwent pre-
operative and postoperative ophthalmologic examination, in-
cluding assessment of visual acuity, eye pressure and intraoc-
ular pressure, diopter measurement, and slit lamp examination
of the fundus. Patients with refractive interstitial pathology or
fundal pathology that might affect vision were excluded. The
patients’ best-corrected visual acuity (BCVA) was measured
using an international standard eye chart. The degree of ex-
ophthalmos was measured using a Hertel exophthalmometer.
The degree of upper ptosis was quantified using the interna-
tionally accepted Marginal Reflex Distance One (MRD1) val-
ue, i.e., the distance between the center of the pupillary light
reflex and the upper eyelid margin.

Surgical procedure

Preoperative routine examination showed that all patients
could receive general anesthesia, who were free from cardio-
pulmonary diseases and hemostasis disorders. All patients
underwent microsurgical craniotomy with skull base recon-
struction using a soft titanium mesh under microscopic visu-
alization (Carl Zeiss GmbH, Oberkochen, Germany). Surgical
approach should take into account the requirements of recon-
struction of the skull base and resection of PNF in the adjacent
region.

Follow-up

During follow-up, patients underwent outpatient CT scans
with three-dimensional skull reconstruction, eye examina-
tions, and telephone surveys. During follow-up examinations
and imaging, the presence or absence of the following factors
was assessed: recurrence of meningoencephalocele, resorp-
tion and displacement of the titanium mesh, decreased visual
acuity, recurrence of exophthalmos, eye movement disorders,
and worsening ptosis.

Statistical analysis

Statistical analyses were performed using SPSS version 22.0
software for Windows (IBM Corp, Armonk, NY).
Quantitative data with a normal distribution are expressed as
the mean ± standard deviation. Quantitative data without a
normal distribution are expressed as the median and interquar-
tile range. Independent sample and paired sample t tests were
used to compare the means between groups for normally
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distributed data. The Mann-Whitney U test was used to com-
pare the means for data without a normal distribution. The
Pearson correlation coefficient was determined to verify the
correlation between the duration of the disease and the diam-
eter of the skull base defect. Categorical variables with small
samples were compared using the Fisher exact probability
test. All statistical analyses used two-tailed tests, and values
of P < 0.05 were considered statistically significant.

Results

Patient characteristics

Twenty-three patients were diagnosed with NF1 compli-
cated by intraorbital meningoencephalocele before sur-
gery via clinical and imaging examinations. These pa-
tients accounted for 9.22% of the cases of orbital and
cranial disease with NF1 (212 cases) treated in our hos-
pital during the study period. The clinical features of
the 23 patients with NF1 who met the diagnostic
criteria for NF1 are shown in Table 1.

Clinical data are summarized in Tables 2 and 3. A
total of 22 (95.7%) patients had sought medical advice
in other hospitals. Fifteen patients had been diagnosed
with NF1 before admission, and 5 (21.7%) patients had
been diagnosed with intraorbital meningoencephalocele
in another hospital. Eight (34.8%) patients had a history
of surgery in NF1-affected sites.

Imaging features

All patients underwent preoperative (Fig. 1d–f) and postoper-
ative (Fig. 1g–i) CT with three-dimensional skull reconstruc-
tion. The images showed an absence of the greater wing of the
sphenoid bone, elevation of the lesser wing of the sphenoid
bone, and partial or complete absence of the anterior clinoid
process, resulting in obvious defects of the anterior or middle
skull base. The meninges and brain tissue entered the eye
socket through the skull base defect. Protrusion and down-
ward displacement of the eyeball were present in 22 patients.
One patient had slight invagination of the eyeball due to a
periorbital PNF (anterior orbit), which can prevent displace-
ment of orbital contents. This patient also had an abnormal
sphenoid bone that caused anterior and posterior enlargement
of the eye socket. All intraorbital meningoencephaloceles
were unilateral: on the left in 11 patients and on the right side
in 12 patients. The maximum diameter of the skull base defect
ranged from 3.8 to 6.1 cm, with an average of 4.9 ± 0.7 cm.
Seventeen (73.9%) patients had arachnoid cysts in the tempo-
ral lobe of the affected side, and 6 (26.1%) patients had sig-
nificantly enlarged subarachnoid space in the temporal lobe.

All patients underwent preoperative and postoperative
MRI on a MAGNETOM Trio Tim 3.0 T (Siemens,
Erlangen, Germany). These scans showed a simple skull base
defect in 4 patients, and a skull base defect with a cranio-
orbital PNF in 19 patients (82.6%). Figure 1 depicts one rep-
resentative case.

Surgical findings and postoperative outcomes

A unilateral frontotemporal approach was used in 17 patients
and a coronal frontotemporal approach was used in 6 patients.
Seventeen patients underwent only skull base reconstruction.
Six (26.1%) patients underwent resection of either a posterior
orbital PNF (3 patients) or a cranio-orbital PNF (3 patients).
The PNF was located in the area of the skull base defect in
these only 6 patients. Sixteen patients underwent skull base
reconstruction via an incision of the dura mater, and skull base
reconstruction with separation of the orbital content from the
meninges was performed in 7 patients. Eleven (47.8%) pa-
tients underwent resection of an eyelid tumor and/or
oculoplastic surgery at 3 months after the reconstruction of
the skull base. Five patients of which underwent anterior orbit
tumor resection concurrently, and the pathological examina-
tion after surgery confirmed the diagnosis of PNF.

All surgeries were performed by the same team. None of
the patients had serious complications after surgery. In 22
patients with preoperative pulsatile exophthalmos, the ocular
protrusions were significantly improved after reconstruction
of the skull base, and the pulsation symptoms subsided. In one
patient with preoperative ocular invagination who underwent
skull base reconstruction, eyeball invagination remained

Table 1 Characteristics consistent with NF1 diagnosis criteria (n = 23)

NF1 diagnosis criteria Frequency (%)

Family history 13 (56.5)

Pigment anomaly

Café-au-lait spots on the skin 20 (90.0)

Axillary or inguinal freckles 17 (74.0)

Iris hamartomas 9 (39.1)

Osteopathy

Sphenoid dysplasia 23 (100)

Calvarial bone dysplasia 13 (56.5)

Pseudarthrosis of the tibia 1 (4.3)

Neoplastic phenotype

Somatic neurofibroma 18 (78.3)

Orbital and cranial PNF 19 (82.6)

Optic pathway glioma 0

Meningioma 1 (4.3)

Congenital heart disease

Ventricular septal defect 1 (4.3)

Patent ductus arteriosus 1(4.3%)

NF1, neurofibromatosis type 1; n, number; PNF, plexiform neurofibroma

Neurol Sci (2019) 40:1217–1225 1219



unchanged after surgery. This patient subsequently underwent
resection of eyelid and orbital tumors and oculoplastic surgery
and achieved a significant improvement in eyeball invagina-
tion. In 22 (95.65%) patients, the degree of exophthalmos (the
difference between the affected side and the contralateral eye)
was significantly reduced after skull base surgery compared
with before surgery (P < 0.001). In 17 patients, the visual acu-
ity was not significantly changed or was slightly improved
1 month after surgery. The visual acuity in 2 patients was
slightly lower than before surgery. There was no significant
difference between preoperative visual acuity and postopera-
tive visual acuity (P = 0.298). Of the 11 patients with ptosis
who underwent the second phase of treatment, the degree of
ptosis as quantified by the MRD1 value was significantly
reduced 1 month after surgery compared with before surgery
(P < 0.001). Ocular and facial preoperative and postoperative
features of another representative case are shown in Fig. 2.

Comparison between adult and pediatric patients

Patients were divided into a pediatric group (≤ 14 years
old) and an adult group (> 14 years old) according to
their age. Table 4 shows the comparison between adult
and pediatric patients. The duration of disease (22.7 ±
8.2 months) in the adult group was significantly longer
than that in the pediatric group (6.6 ± 4.8 months)
(P < 0.001). The follow-up period in the adult group
(52.6 ± 35.3) was significantly longer than that in the
pediatric group (22.0 ± 16.8) (P = 0.024). The range of
skull base defects in the adult group (5.2 ± 0.5 cm) was
significantly higher than that in the pediatric group (4.3
± 0.4 cm) (P = 0.001). There was no significant differ-
ence in gender, lesion location, or the number of sur-
geries between the two groups (P = 0.371, P = 0.667,
P = 0.067).

Table 2 Clinical, radiological features and operative method for 23 cases of NF1 with intraorbital meningoencephalocele

Case
no.

Age
(years), sex

Course of
disease
(years)

Skull base
defect

Side Size (cm) Pulsating
exophthalmos

Arachnoid
cyst

Location of PNF Surgical strategies Periop
outcomes

First Second

1 54, M 54 Yes Rt 5.8 Yes Yes Scalp A Improved

2 20, F 15 Yes Lt 5.1 Yes Yes Eyelid, scalp A B + E Improved

3 17, F 10 Yes Lt 5.9 Yes Yes Scalp, posterior orbit A + C Improved

4 17, F 14 Yes Lt 5.0 Yes Yes Scalp, eyelid A B + E Improved

5 17, M 17 Yes Rt 5.8 Yes NO Scalp, eyelid,
cranio-orbital

A + D B + E Improved

6 21, F 21 Yes Lt 5.3 Yes Yes Scalp, A Improved

7 19, M 19 Yes Lt 5.1 Yes Yes Eyelid, anterior orbital A B + C + E Improved

8 23, M 23 Yes Rt 4.5 Yes Yes None A Improved

9 14, F 14 Yes Rt 4.2 Yes Yes Scalp A Improved

10 13, F 10 Yes Lt 4.0 Yes Yes Scalp, eyelid A B + E Improved

11 29, M 10 Yes Rt 4.5 No No Eyelid, anterior orbital A B + C + E Improved

12 25, M 20 Yes Rt 5.0 Yes No Eyelid, anterior orbital A B + C Improved

13 18, M 18 Yes Rt 6.1 Yes No Scalp, eyelid,
cranio-orbital

A + D Improved

14 20, M 20 Yes Rt 5.0 Yes Yes Eyelid, anterior orbital A B + C + E Improved

15 42, F 10 Yes Lt 4.9 Yes Yes None A Improved

16 36, M 16 Yes Rt 5.2 Yes Yes Scalp A Improved

17 72, F 72 Yes Lt 5.9 Yes Yes Eyelid, posterior orbital A + C Improved

18 26, F 24 Yes Rt 4.4 Yes No Scalp, eyelid,
anterior orbital

A B + C Improved

19 14, F 2 Yes Lt 4.0 Yes No Eyelid, A Improved

20 10, M 10 Yes Lt 5.0 Yes Yes Scalp, eyelid,
cranio-orbital

A + D B + E Improved

21 7, M 5 Yes Rt 4.2 Yes Yes Slalp, eyelid,
posterior orbital

A + C B + E Improved

22 1, F 1 Yes Rt 3.8 Yes Yes None A Improved

23 9, F 4 Yes Rt 4.7 Yes Yes None A Improved

Rt, right; Lt, left; PNF, plexiform neurofibroma; A, reconstruction of skull base defect; B, resection of eyelid PNF; C, resection of orbital PNF; D,
Resection of cranio-orbital PNF; E, oculoplastic surgery
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Discussion

In this study, we found that most of the patients developed
progressive pulsating exophthalmos soon after birth and had
decreased visual acuity, which suggests that the disease may
be related to congenital malformation [20]. In addition, we
noticed that more than half of the patients in this study did

not undergo meningoencephalocele-specific surgery, which
could prevent exophthalmos and loss of visual acuity. This
likely resulted in reduced visual acuity or even blindness in
patients. The reason why patients did not undergo surgery
may be that the incidence of NF1 with meningoencephalocele
is low, and thus, clinicians may have an insufficient under-
standing of the disease and struggle to implement timely and
effective treatment.

The pa t hogene s i s o f NF1 w i t h i n t r a o r b i t a l
meningoencephalocele remains unclear and may be related
to sphenoid dysplasia caused by congenital ectoderm and me-
soderm dysplasia [20] and cranial abnormalities caused by the
interaction of PNFs and the sphenoid bone [12, 13]. Elefteriou
suggested that sphenoid dysplasia is unique to NF1 and is due
to the defects in bone primordial cells, leading to skeletal
system lesions in the sphenoid bone, long bones, and vertebral
bodies in patients with NF1 [21]. Craniofacial measurement of
101 patients with NF1 revealed a shorter sphenoid bone in
patients with NF1, consistent with intrinsic bone cell defects.
This makes the fragile sphenoid bone more susceptible to
secondary damage, leading to skull abnormalities [10].
Although numerous studies have reported that sphenoid dys-
plasia is probably caused by invasion and destruction of PNFs
in the adjacent area, only 6 (26.1%) patients in this group had
a PNF in the skull base defect area. This is not enough evi-
dence to conclude that skull base abnormalities are caused by
PNF damage to adjacent bones. Our results support the idea
that NF1-related bone dysplasia is the intrinsic basis of skull
base defects. The pulsating impact of brain tissue on abnor-
mally weak bone and the destruction of peripheral bone by
PNF may be additional factors in the development of skull
base defects [10, 12, 13].

NF1 often causes complex orbital and facial malformations
due to sphenoid dysplasia and PNF of orbit and eyelid, and the
location of individual lesions varies greatly. It is difficult to
solve all problems at the same time with any one surgical ap-
proach and in a single procedure. In addition, the timing of
surgery plays an important role in surgical outcomes. The ther-
apeutic outcomes depend on the severity of the lesion in the eye
and the appearance of the face [22], and a timely and reasonable
surgical strategy is necessary to guarantee the best effect. In this
study, the diameter of the skull base defect in the adult group
was significantly larger than that in the pediatric group, and the
diameter of the skull base defect was positively correlated with
the duration of the disease. As the disease progresses, the range
of the skull base defect increases, with irreversible development
of pulsatile exophthalmos and a progressive decline in visual
acuity. Early reconstruction of the bony barrier between the
meningeal tissue and the eye socket is necessary to eliminate
the pulsating impact on the eyeball [23].

With the development of neurosurgical techniques, crani-
otomy with reconstruction of the skull base has become a
standardized surgical method that can be carried out with

Table 3 Clinical and demographic characteristics of 23 patients with
NF1 with intraorbital meningoencephalocele

Variable Value

Age (years) 22.8 ± 15.4

Sex

Male 11 (47.8%)

Female 12 (52.2%)

Duration from onset to admission (years) 17.8 ± 15.9

Prehospital diagnose

NF1 15 (65.2%)

Intraorbital meningoencephalocele 5 (21.7%)

Initial manifestation

Pulsating exophthalmos 22 (95.7%)

Visual impairment (blind) 18 (78.3%)(3)

Ptosis 13 (56.5%)

Ocular movement disorder 6 (26.1%)

Eye pain 6 (26.1%)

Intracranial hypertension 1 (4.3%)

Enophthalmos 1 (4.3%)

Sides affected

Left 11 (47.8%)

Right 12 (52.2%)

Sizes of defects (cm) 4.9 ± 0.7

Arachnoid cyst

Yes 17 (73.9%)

No 6 (26.1%)

Location of PNF

Scalp 13 (56.5%)

Eyelid 13 (56.5%)

Anterior orbit 5 (21.7%)

Posterior orbit 3 (13.4%)

Cranio-orbit 3 (13.4%)

Surgical strategies

One 12 (52.2%)

Two 11 (47.8%)

Follow-up (month) 42.4 ± 33.3

Long-term outcome (n = 18)

Recurrence of exophthalmos 0

Recurrence of visual impairment 0

Recurrence of ptosis 0

Long-term follow-up data were available in 18 patients after surgery

NF1, neurofibromatosis type 1; PNF, plexiform neurofibroma; n, number
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intraoperative navigation and 3D printing technology.
However, we believe that we still need to pay attention to
certain details related to the surgery in order to achieve the
best surgical results. First, the superior orbital fissure disap-
pears in most patients, and our attention should be paid to
identify and protect the nerve structures, which has been
displaced under microscopic visualization. Second, we rec-
ommend using epidural dissection, which can avoid exposure
and damage to the brain tissue and reduce the possibility of

epidural effusion, intracranial infection, and cerebrospinal flu-
id leakage. However, when there is a huge arachnoid cyst in
the skull base or when there is also an intracranial PNF, it is
still necessary to perform dissection after dural splitting de-
compression. Third, we recommend using a soft titanium
mesh during the operation, as it can be re-shaped according
to actual need. Preoperative three-dimensional shaping is clos-
er to the actual shape of the skull base, but it is necessary to
reserve sufficient room to tailor the mesh according to the

Fig. 1 Imaging features (preoperation and postoperation) of case 18: a
(T1-weighted MRI image), b (T2-weighted MRI image) showing the
significantly widened subarachnoid space in the right temporal pole,
which enters in the right eye socket to compress the extraocular
muscles, and the right eyeball obviously protruding outward; c
Enhanced MRI scan showing significant enhancement of plexiform
lesions in the right eyelid and orbit; d Plain CT scan of the head
showing the absence of the right greater wing of the sphenoid bone; e
Anteroposterior view of the three-dimensional skull reconstruction of the
head CT showing oval enlargement of the right orbit and obvious defects

of the posterior orbital wall; f Three-dimensional skull base
reconstruction of the head CT showing the absence of the greater wing
of the right sphenoid bone and obvious defect of the skull base; g Plain
CT scan of the head after skull base reconstruction showing good
positioning of the right titanium mesh and reduced herniated intraorbital
meningeal tissue; h, i Three-dimensional reconstruction of the skull CT
after skull base reconstruction showing good positioning of the titanium
mesh with a satisfactory shape and incomplete coverage of the titanium
mesh in the repaired region of the anterior clinoid process and the superior
orbital fissure to avoid compressing the nerves and blood vessels
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actual need during operation. Fourth, it is necessary to fully
expose the edge of the skull base defect before fixation. In
fact, it is not necessary to cover the defect aspect, and a suffi-
ciently large area should be prepared to avoid compression of
the skull base nerves. Titanium mesh displacement may be
related to poor fixation or the lack of a suitable position for
fixation [22, 24–29]. We prefer to fix the titanium mesh with
screws on the skull base lateral to the defect. Some researchers
used a reverse-shaped titanium mesh technique that did not
require fixation with screws in 4 patients, and no titanium
mesh displacement occurred [27]. However, using the

pressure of the brain tissue to fix the titanium mesh may be
unstable, as the pulsating impact of the brain tissue may cause
displacement of the titanium mesh. In this study, pulsatile
exophthalmos subsided after skull base reconstruction in 22
patients, without a significant decrease in visual acuity. In 18
patients who underwent follow-up examinations, no displace-
ment of the titanium mesh and no recurrence of pulsating
exophthalmos were reported during follow-up.

Reconstruction of the skull base cures the pulsatile exoph-
thalmos caused by meningoencephalocele and prevents dete-
rioration of existing visual acuity. However, patients with NF1

Table 4 Comparison of the
features of cases stratified by
patient age

Variable > 14 years (n = 16) ≤ 14 years (n = 7) P value

Age 28.5 ± 15.6 9.7 ± 4.7 0.005

Gender 0.371

Male 9 (9/16) 2 (2/7)

Female 7 (7/16) 5 (5/7)

Course of symptoms (years) (22.7, 8.2) 6.6 ± 4.8 < 0.001

Positive family history of NF1 0.405

Yes 8 (8/16) 5 (5/7)

No 8 (8/16) 2 (2/7)

Sides affected 0.667

Left 7 (7/16) 4 (4/7)

Right 9 (9/16) 3 (3/7)

Sizes of defects (cm) 5.2 ± 0.5 4.3 ± 0.4 0.001

Arachnoid cyst 0.621

Yes 11 (11/16) 6 (6/7)

No 5 (5/16) 1 (1/7)

Surgical strategies 0.667

One 8 (8/16) 4 (4/7)

Two 8 (8/16) 3 (3/7)

Follow-up (month) (n = 18) 52.6 ± 35.3 22.0 ± 16.8 0.024

P values were corrected for multiple testing by controlling the false discovery rate of 5%

n, number; NF1, neurofibromatosis type 1

Fig. 2 Ocular and facial features of case 20: a, b Preoperative
anteroposterior and oblique views showing hypertrophy and ptosis of
the left upper eyelid; c Anterior protrusion and anteroinferior

displacement of the left eyeball; d, e Postoperative anteroposterior and
oblique views showing a significant improvement in ptosis of the left
upper eyelid; f Significant reduction in the left eyeball protrusion
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and intraorbital meningoencephalocele have multi-site lesions
that can be found in both cranial and orbital regions. Because
the sphenoid bone abnormality can also cause orbital malfor-
mation and orbital volume changes, it is difficult to complete-
ly achieve the ideal position of the eyeball in the eye socket by
skull reconstruction alone. Moreover, patients with NF1 often
have orbital PNFs. Because of the rapid growth of children’s
facial PNF lesions, ptosis may cause deprivation amblyopia
and refractive amblyopia in children. Therefore, it is necessary
to monitor the development of PNFs to determine when sur-
gical intervention is needed [30, 31]. Adult PNFs are relative-
ly stable, and surgical treatment can achieve reliable results
[32]. In this study, ptosis was significantly improved 1 month
after surgery, and the patients also had better facial appearance
than before surgery. Because eyelid PNFs invade the orbital
muscles, ptosis is significantly improved after surgery, but the
function of the levator palpebrae superioris muscle is difficult
to restore. In the 11 patients (8 adults and 3 children) who
underwent phase II surgery, neither recurrence of the PNF in
the eyelid and orbit nor aggravation of ptosis was reported
during follow-up. Since the follow-up period was too short
(8–12 months) in the 3 children, the follow-up data cannot
be used to explain the difference in outcomes between chil-
dren and adults.

Conclusions

In conclusion, we analyzed the clinical features, radiological
features, and surgical strategies employed for 23 patients with
NF1 complicated by intraorbital meningoencephalocele and
evaluated the surgical efficacy based on ocular characteristics.
This study may improve clinical practice by helping surgeons
implement timely and reasonable surgical interventions to im-
prove patient symptoms and facial appearance.
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