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Skull base reconstruction using
in situ bone flap in patients with
pituitary adenomas treated by
endoscopic endonasal approach

Kaile Chen', Kexiang Dai', Zhiyuan Liu', Jinlai Liu, Kuo Yu, Ailin Lu
and Peng Zhao*

Department of Neurosurgery, First Affiliated Hospital of Nanjing Medical University, Nanjing, China

Objective: The objective of this study is to study the effect of in situ bone flap
(ISBF) repositioning, a recently proposed rigid skull base reconstruction technique,
on patients diagnosed with pituitary adenoma undergoing endoscopic endonasal
approach (EEA).

Method: A retrospective analysis was conducted on 188 patients with pituitary
adenomas who underwent EEA from February 2018 to September 2022. Patients
were divided into the ISBF group and non-ISBF group, according to whether ISBF
was used during skull base reconstruction.

Results: Of the 75 patients in the non-ISBF group, 6 had postoperative
cerebrospinal fluid (CSF) leakage (8%), while only 1 of 113 patients in the ISBF
group (0.8%) had postoperative CSF leakage, indicating that the incidence of
postoperative CSF leakage in the ISBF group was significantly lower than that in
the non-ISBF group (P = 0.033). In addition, we also found that the postoperative
hospitalization days of patients in the ISBF group (5.34 4+ 1.24) were significantly
less than those in the non-ISBF group (6.83 £ 1.91, P = 0.015).

Conclusion: [SBF repositioning is a safe, effective, and convenient rigid skull
base reconstruction method for patients with pituitary adenoma treated by EEA,
which can significantly reduce the rate of postoperative CSF leakage and shorten
postoperative hospital stays.

KEYWORDS

pituitary adenoma, skull base reconstruction, in situ bone flap, post-operative CSF
leakage, endoscopic endonasal approach, post-operative hospital stays

Introduction

Endoscopic endonasal approach (EEA) has gained great popularity in the treatment of
pituitary adenomas due to advances in anatomic understanding and surgical technology
(1). The successful outcome of these procedures depends on two critical factors as follows:
complete resection of the lesion and effective reconstruction of the skull base. Despite the
numerous reconstruction techniques that have been proposed and implemented in recent
years, postoperative CSF leakage remains a persistent problem (2-5). Therefore, there is still
a need to explore alternative reconstruction methods to minimize postoperative CSF leakage
and improve patients’ recovery.

The technique of ISBF repositioning, characterized by the creation of a bone flap that can
be subsequently repositioned and secured within its original location to repair a bony defect
resulting from surgical procedures during EEA, has gained widespread acceptance since its
inception (6). However, the impact of this skull base reconstruction technique on patients
with pituitary adenomas remains unclear and requires further investigation.
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Our study findings reveal that the utilization of ISBF
repositioning for skull base reconstruction during EEA surgery
in patients with pituitary adenomas is both safe and effective,
providing a feasible and efficient approach.

Methods

Data collection

This study retrospectively analyzed the data of patients
diagnosed with pituitary adenomas who underwent EEA surgery
from February 2018 to September 2022. All patients enrolled
in the study, both in the ISBF and non-ISBF groups, will have
tumor tissue retained intraoperatively for pathologic examination,
and the pathologic findings must reveal a pituitary adenoma.
To be included in the ISBF group, certain conditions also had
to be met, including (1) the patient must not have undergone
prior endonasal endoscopic tumor surgery so that there is an
intact skull base structure for harvesting the bone flap; (2) the
sphenoid sinus must be well-pneumatized; (3) the tumor must
not infiltrate the bone so that the risk of tumor recurrence
associated with bone flap repositioning is minimized. These criteria
were carefully considered to ensure comparability and validity
of the study results. Inclusion criteria were met by 188 patients,
113 of whom underwent skull base reconstruction with the
ISBF repositioning technique and were categorized as the ISBF
group, while the remaining 75 served as the non-ISBF group.
Demographic information, surgical details, lesion characteristics,
and clinical outcomes were evaluated and reviewed.

Surgical technique

Prior to surgery, patients undergo a series of routine
examinations to determine any contraindications to surgery or
anesthesia. These contraindications include hard tumor texture
suggested by imaging, inflammation in the nasal cavity, dumbbell-
shaped tumors, and giant or large aggressive pituitary tumors that
grow into the side of sella turcica, suprasellar region, or frontal base
(7). Among other procedures, magnetic resonance imaging (MRI)
was performed to determine the anatomic relationship between the
tumor and surrounding structures such as the optic nerve (ON),
optic chiasm (OC), internal carotid artery (ICA), and cavernous
sinus (CS) and to measure the size of the tumor. In addition,
computed tomography (CT) imaging was routinely performed to
assess any destruction of the sella bone and to evaluate the structure
of the sphenoid sinus, particularly its bony components. All
patients who can undergo surgery received prophylactic antibiotics
(cefuroxime sodium) 30 min before surgery.

The surgical procedures involved the use of the two-
surgeon single or bi-nostril technique, which required a posterior
septectomy to improve visualization and operation. After general
anesthesia, patients were intubated and placed in the supine head
position. The nasal cavities were packed with epinephrine-soaked
cottonoids for several minutes to reduce mucosal bleeding. The
anterior wall of the sphenoid sinus was opened wide with a
microdrill to expose the sphenoid sinus. The in situ bone flap was
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harvested using a microdrill through an osteoplastic craniotomy,
following a procedure previously described in the literature (6)
(Figure 1). Visual gross total tumor resection was achieved in all
patients in both groups.

After the removal of the pituitary adenoma, skull base
reconstruction was performed. Different reconstruction methods
were used for the ISBF and non-ISBF groups.

A multilayer closure technique was routinely employed in
the non-ISBF group for skull base reconstruction. In this
technique, the first layer was an artificial dura mater (ADM)
filled into the tumor cavity as an inlay graft. The second
layer was another ADM covering the incision as an onlay
graft. The third layer comprised a polyurethane-based absorbable
wound dressing (Nasopore ~, Ethicon, Inc., United States), which
was packed into the sphenoid sinus. In this process, fibrin
glue was applied layer by layer to reinforce the structure
and accelerate hemostasis. Additionally, the nasal cavity was
packed with a polyvinyl formaldehyde medical sponge to provide
extra support.

With the advent of the ISBF repositioning method (6), a
different reconstruction strategy was employed for selected patients
in the ISBF group. In this technique, an ISBF was used to repair
the bone defect. Following the use of an ADM as the first layer,
the previously obtained bone flap was repositioned as the second
layer. Another ADM was placed over the bone flap as the third
layer. Fibrin glue was routinely used during the procedure. The
nasopore wound dressing was then introduced as subsequent
layers (Figure 2), and the nasal cavity was packed with a polyvinyl
formaldehyde medical sponge for added support.

In some cases with large tumor volumes, we used fat grafts
from the thigh to fill the tumor cavity instead of ADM as the
first-layer inlay graft in both the ISBF and non-ISBF groups. Our
clinical practice did not involve the routine utilization of a pedicled
nasoseptal flap (PNSF) for all patients, but rather reserved its
application exclusively for situations characterized by a high-flow
intraoperative CSF leak.

In our clinical practice, the adoption of prophylactic lumbar
drainage in patients was not a customary procedure due to the
limited body of evidence supporting its substantial impact on
diminishing the incidence of postoperative cerebrospinal fluid
(CSF) leakage (8-10). The surgical procedures were performed by
a highly skilled and experienced surgeon (Dr. Peng Zhao) in the
Department of Neurosurgery, First Affiliated Hospital of Nanjing
Medical University. In this way, potential confounding factors
arising from the learning curve effect were minimized, and the
reliability and consistency of the surgical results were ensured (11).

Diagnosis of post-operative CSF
leakage

All patients were examined on CT on the same day shortly
after the procedure and underwent MRI within 1-2 days after
the procedure. All patients underwent a provocative “tilt test”
to detect CSF rhinorrhea. In this test, patients tilt their heads
downward with their noses in a dependent position for ~30s.
Repair failure with CSF rhinorrhea is typically indicated by a
continuous watery discharge from one or both nostrils, while a
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FIGURE 1

(A) Osteoplastic craniotomy was performed with a microdrill to obtain the bone flap. (B) The dotted line shows the range of ISBF. (C) The bone flap
was folded to one side but not completely severed. (D) Upon incision of the dura mater, the pituitary adenoma is exposed.

thicker mucus-like discharge is not indicative of CSF rhinorrhea.
In addition, we performed a glucose oxidation test on the nasal
discharge of some patients, which can help in the diagnosis
of CSF leakage. The beta2-transferrin test is widely considered
the gold standard for the diagnosis of cerebrospinal fluid (CSF)
leakage due to its exceptional accuracy and reliability (12).
However, despite its diagnostic superiority, the test was not
routinely prescribed in patients with suspected nasal CSF leakage
in our institution due to several challenges. These challenges
include the technical complexity of the test, the long test
duration, and the high cost associated with performing the
test (13).

Statistical analysis

Comparison of categorical variables between the groups was
performed using either the chi-square test or Fisher’s exact test,
depending on the sample size. Continuous variables were analyzed
using a t-test for normally distributed data or a Wilcoxon rank sum
test (Mann-Whitney U-test) for non-normally distributed data. All
statistical analyses were performed using the Statistical Package for
Social Sciences (SPSS Statistics, version 26, IBM Corp, Armonk,
New York, USA), with a significance level of P < 0.05.
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Results

Patient’s basic characteristics

The mean age of patients in the ISBF group was 48.48 years,
whereas the mean age of patients in the non-ISBF group was
49.87 years, with no statistically significant difference between
the groups (P = 0.384). The distribution of female patients in
both groups was comparable, with 62 (54.86%) women in the
ISBF group and 45 (60%) women in the non-ISBF group (P =
0.486). Only one patient in the non-ISBF group had a history
of previous EEA tumor surgery, whereas all patients in the ISBF
group had no previous EEA tumor surgery, with no statistically
significant difference between the two groups (P = 0.836). In
the ISBF group, there were 55 functional tumors (0.49) and 58
non-functional tumors. Similarly, in the non-ISBF group, there
were 30 functional tumors (0.4) and 45 non-functional tumors.
Our statistical analysis revealed no significant difference between
the two groups in terms of the proportion of functional tumors
(P = 0.242). In addition, there were no statistically significant
differences in demographic factors such as body mass index (BMI),
history of radiation therapy, hypertension, and diabetes, which
were previously found to be potential risk factors for postoperative
CSF leakage (14-16) (Table 1).
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FIGURE 2

(A) The ADM (artificial dura mater) was filled into the tumor cavity as the first layer of reconstruction. (B) The ISBF was restored to the defect to
complete the osseous reconstruction. (C) Another ADM was positioned over ISBF as the third layer. (D) The Nasopore was filled into as the last layer.

Surgical situation

The occurrence of intraoperative CSF leakage, which is known
to be a high-risk factor for postoperative CSF leakage according to
several studies, was not found to differ significantly between the
two groups (P = 0.154) (14, 17). We reviewed the surgical records
of all included patients and graded the intraoperative CSF leakage
into four classes according to the criteria previously described:
Grade 0, no CSF leakage observed confirmed by Valsalva maneuver;
Grade 1, small “weeping” CSF leak confirmed by Valsalva maneuver
without a visible diaphragmatic defect; Grade 2, moderate leak
with definite diaphragmatic defect; and Grade 3: the presence
of a large diaphragmatic and/or dural defect created during a
suprasellar or transclival extended transsphenoidal approach (18).
There was no statistically significant difference observed between
the two groups, with respect to the distribution of intraoperative
CSF grades (P = 0.158). We measured the size of the tumor by
preoperative MRI and recorded the tumor size with the measured
maximum diameter value of the tumor. No statistically significant
difference was observed in tumor size between the two groups
(P =0.067), which remains a controversial factor in its influence on
the incidence of postoperative CSF leakage, as reported by previous
studies (14, 15, 19). Of the total number of patients, four in the ISBF
group (0.035) and four in the non-ISBF group (0.053) received skull
base reconstruction using fat grafts, and there was no significant
difference in the application of fat grafts between the two groups
(P = 0.820). There was no significant difference in the use of PNSF
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between the two groups (P = 0.719). Total visual resection of the
tumor was achieved in all cases. There was no mortality in both
groups (Table 2).

Clinical outcomes

Our study found that the use of ISBF repositioning during EEA
surgery in patients with pituitary adenoma was associated with a
significantly lower incidence of postoperative CSF leakage than in
patients who did not undergo ISBF repositioning (P = 0.033). In
addition, patients in the ISBF group had a significantly shorter
mean hospital stay than patients in the non-ISBF group (P = 0.015).
Further analysis revealed that there was no statistically significant
difference between the two groups in terms of operative time or
other postoperative complications such as epistaxis, meningitis,
polyuria, or fever (P > 0.05). All patients with postoperative CSF
leakage in both groups were successfully treated and recovered
(Table 3).

Discussions

Pituitary adenomas are the most common etiology of
benign sellar masses, accounting for up to 10-15% of all
diagnosed intracranial tumors, although there are other neoplastic,
infectious, inflammatory, development, and vascular etiologies
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TABLE 1 Patient’s basic characteristics.

ISBF group Non-ISBF P-value
group
No of patients 113 75 —
Age (Mean % SD) 48.48 £ 14.40 49.87 £+ 13.54 0.384
Sex 0.486
Male 51 30
Female 62 45
Hypertension 0.221
Yes 27 24
No 86 51
BMI (Mean =+ SD) 24.74 £5.09 25.54 £ 3.57 0.333
(kg/mz) (kg/ m?)
Diabetes 0.091
Yes 8 11
No 105 64
Radiation therapy -
Yes 0 0
No 113 75
Functional tumor 0.242
Yes 55 30
No 58 45
Previous EEA 0.863
tumor surgery
Yes 0 1
No 113 74

to be considered (20-22). Transsphenoidal surgery with an aim
to achieve complete tumor resection is considered the first-line
treatment for pituitary adenomas (23). With the development
of medical technology, the EEA has become the predominant
method for the removal of pituitary adenoma for its advantages
of favorable cosmetic outcome, improved operative visualization,
reduced invasiveness, quicker recovery, and higher gross total
resection rate (24-28). Reconstruction of complex anterior skull
base defects after EEA remains a challenge, despite neurosurgeons
and otolaryngologists having explored various reconstruction
materials in the past few decades, such as free autografts, intranasal
vascularized flaps, synthetic dural replacement grafts, and pedicled
nasoseptal flaps, either alone or in combination (2). Applying these
conventional construction materials fails to reestablish bone defects
rigidly. The purposes of skull base reconstruction, comparable
to those of conventional transcranial procedures, are to establish
watertight closure, eliminate dead space, repair the barrier between
the intracranial cavity and the extracranial space, support the
intracranial components adequately, and restore the original
anatomical structure (29), which means rigid reconstruction may
be essential. However, previous scholars generally argue that the
utility of rigid materials such as cartilage or bone, absorbable
or non-absorbable plates, and titanium mesh in skull base
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TABLE 2 Surgical situation.

ISBF group Non-ISBF P-value
group
Size of tumor 18.78 +9.90 23.45£12.36 0.067
(mm) (mm)
Intraoperative CSF 0.154
leakage
Yes 8 10
No 105 65
Grade of 0.158
intraoperative CSF
leakage
Grade 0 105 65
(No CSF leakage)
Grade 1 6 8
(Small weeping CSF
leakage)
Grade 2 2 2
(Moderate CSF
leakage)
Grade 3 0 0 -
(large CSF leakage)
Operation time 80.25 £ 29.35 108.73 £ 34.05 0.113
(Mean =+ SD) (min) (min)
Visual gross total -
resection
Yes 113 75
No 0 0
Use of fat graft 0.820
Yes 4 4
No 109 71
Use of PNSF 0.719
Yes 1 2
No 112 73

reconstruction is unnecessary and not recommended due to the
higher risk of migration, infection, and injury to the neurovascular
structure (18, 30, 31).

Now, a growing number of neurosurgeons hold more positive
opinions about the rigid reconstruction of the skull base.
They argue that rigid reconstruction is necessary and possibly
effective in preventing acute or chronic headaches, pseudo
meningocele, and non-specific discomfort caused by the bone
defect, leading to better outcomes for patients (6). ISBE as a
recently proposed reconstruction material, has the advantages of
convenient harvesting procedure, better biological compatibility,
geometry matching that of bone defect, proximity to the complex
initial anatomical structure of the skull base, stable fixation, and
rapid healing of bone defect (32), which may avoid the risks
mentioned above and become one of the most suitable materials
for rigid reconstruction. In our study, the rate of postoperative
meningitis in the ISBF group is lower than that in the non-ISBF
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FIGURE 3

Images show the change of the cephalocaudal tumor cavity diameter (CTCD) after EEA measured on enhanced coronal sections of MRI in two cases.
A and B are from the same patient in the ISBF group, while C and D are from the same patient in the non-ISBF group. (A, B) Before the surgery, the
CTCD is 19.11 mm (A). After surgery, the CTCD is 17.34 mm (B). The change in CTCD measured on coronal sections of MRl is 1.77 mm. (C, D)
Before the surgery, the CTCD measured on coronal sections of MRI is 19.61 mm (C). After the surgery, the CTCD is 9.55 mm (D). The change in

CTCD is 10.06 mm.

group, although there was no statistical significance between the
two groups (P = 0.163).

Based on our study, we found that the average operation
time was shorter in the ISBF group (80.25 =+ 29.35min)
than in the non-ISBF group (108.73 4 34.05min), which may
appear counterintuitive since one would expect ISBF to be more
complex and time-consuming. We found no statistically significant
difference between the two groups (P = 0.113). During the surgical
procedure, we discovered that obtaining and repositioning the
bone flap was a straightforward process, contrary to our initial
expectations. The bone flap was obtained incidentally during the
opening of the posterior wall of the sphenoid sinus’s opening, which
was performed in both groups. In the ISBF group, the bone flap was
not required to be removed through the nasal cavity and could be
flipped to one side, as shown in Figure 1C. In contrast, in the non-
ISBF group, the bone flap had to be removed through the nasal
cavity, which sometimes required splitting the flap into multiple
pieces if the nasal passage was too narrow, which, in turn, possibly
increased the surgical time. Repositioning the flap was a quick
process, taking only a few minutes for an experienced surgeon.
It was also observed that the flap fit well into the defect and the
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complex anatomy of the skull base. However, we acknowledge that
we cannot completely rule out the influence of the learning curve
on the results, and future studies with newer patients will reduce
this influence. The shorter operative time in the ISBF group, to
some extent, implies that the in situ bone flap reduction technique
is feasible and convenient.

Previous studies have shown that the application of ISBF
can significantly reduce the rate of postoperative CSF leakage
following EEA (30, 32, 33); however, few of them have focused
on pituitary adenoma. Pituitary adenomas are the most common
type of pituitary disorder. Therefore, it is influential to study the
effect of ISBF repositioning on patients with pituitary adenoma.
At our institution, the method of ISBF closure is routinely used
for pituitary adenoma patients treated by the EEA surgery, with
good results.

Diabetes (DI) is
following pituitary surgery, characterized by excessive urination.
Postoperative DI can manifest as transient or permanent, with

insipidus a prevalent complication

the latter being more frequent (34, 35). Scholars have identified a
number of predictors of postoperative DI in their studies, such as
younger age, larger tumor size, gross total surgical resection, and
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FIGURE 4

The images show the change of the cephalocaudal tumor cavity diameter (CTCD) after EEA measured on the enhanced sagittal plane of MRI in two
cases. A and B are are from the same patient in the ISBF group, while C and D are from the same patient in the non-ISBF group. (A, B) Before the
surgery, the CTCD is 17.94 mm (A). After surgery, the CTCD is 16.48 mm (B). The change in CTCD measured by the sagittal plane of MRl is 1.46 mm.
(C, D) Before the surgery, the CTCD is 19.61 mm (C). After the surgery, the CTCD is 10.81 mm (D). The change in CTCD measured by the sagittal

plane of MRl is 8.8 mm.

diaphragm opening during pituitary resection (36, 37). A recent
investigation has revealed that the change in cephalocaudal tumor
cavity diameter (CTCD) before and after surgery on enhanced
coronal sections of MRI, which reflect the subsidence of the
diaphragma sellae, is an independent predictor of postoperative
DI onset in patients with pituitary adenoma (38). Moreover, a
higher rate of postoperative DI is associated with a greater change
in CTCD measured on coronal sections of MRI. It is postulated
that narrowing the change in CTCD during the procedure could
potentially decrease the incidence of post-operative DI.

Our analysis of the patients’ MRI scans revealed that the change
in CTCD was higher in the non-ISBF group compared with the
ISBF group (Figures 3, 4), potentially due to the absence of rigid
skull base reconstruction. Additionally, although not reaching the
statistical significance (p = 0.329), the incidence of postoperative
polyuria was lower in the ISBF group (0.097) compared with the
non-ISBF group (0.154), possibly due to the different skull base
reconstruction methods employed.

We hypothesize that the increased diaphragma sellae
subsidence and postoperative changes in CTCD may lead
to a lower pituitary gland position and more severe traction
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on the pituitary stalk, resulting in greater injury to the
hypothalamic-neurohypophysis system and a higher incidence
of postoperative diabetes insipidus (DI). In-situ bone flap
repositioning may be effective in preventing postoperative
DI by reducing the degree of diaphragma sellae subsidence
and change in CTCD after surgery. However, we were
unable to confirm this hypothesis rigorously due to the lack
of data, and further studies are necessary to substantiate
this claim.

The ISBF repositioning technique has some limitations. First,
when harvesting the bone flap, the surgeon must be careful
to maintain the flap intact to prevent the migration of bone
flap fragments and damage to the surrounding structure. This
procedure may require more delicate surgical instruments and
could take a young surgeon longer time to perform. In addition,
our results show that the incidence of postoperative epistaxis was
slightly higher in the ISBF group (0.037) compared with the non-
ISBF group (0.000), although the difference was not statistically
significant (p = 0.258). Bleeding from postoperative epistaxis was
usually minor and could be managed with careful nasal packing,
but it may also cause anxiety in patients. However, the clinical
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TABLE 3 Clinical outcomes.

ISBF group Non-ISBF P-value
group

Post-operative CSF 0.033
leakage

Yes 1 6

No 112 69
Post-operative 5.43 & 1.24 (day) 6.83 & 1.91 (day) 0.015
hospital stays
(Mean % SD)
Post-operative 0.258
epistaxis

Yes 4 0

No 109 75
Post-operative 0.163
meningitis

Yes 1 4

No 112 71
Post-operative 0.329
polyuria

Yes 10 10

No 103 65
Post-operative 0.183
fever

Yes 3 6

No 110 69

significance of this difference is unclear. Future studies may explore
ways to further refine the ISBF technique.

However, our study has some limitations. Our study has all
the shortcomings associated with retrospective studies. The sample
size is still relatively small and not clearly randomized. There is
a relatively large gap between the sample size of the ISBF group
and the non-ISBF group. The data are from a single institution.
We rely to some extent on the patient’s complaints in assessing
whether the patient can be discharged, so the criteria for assessing
whether the patient can be discharged are not entirely objective.
We acknowledge that although we attempted to minimize this
bias through rigorous patient selection and matching procedures,
the inclusion criteria for the ISBF group in our study may have
resulted in fewer invasive tumors being selected in the ISBF
group than in the non-ISBF group, potentially biasing the study
results. Therefore, further prospective multi-institutional studies
are required to confirm the utility of ISBF repositioning in pituitary
adenoma patients undergoing EEA surgery.

Conclusion

The ISBF repositioning is a reliable, convenient, and feasible
skull base reconstructive technique for pituitary adenoma patients
undergoing EEA surgery. Our preliminary results suggest that
the ISBF combined with the multilayer closure technique can
significantly lower the incidence of postoperative CSF leakage and
shorten the hospital stays for patients.
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