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Abstract

Background
To investigate the reliability and e�cacy of a modi�ed technique for preventing postoperative grade 3
leaks associated with an expanded endoscopic endonasal approach (EEEA).

Method
This study was a retrospective review of 33 patients who presented with intraoperative grade 3 leaks after
the use of an EEEA for resection of skull base lesions from January 2017 to February 2022. Patients who
received the conventional method from January 2017 to December 2019 were included in Group A.
Patients who received the modi�ed in-situ suture technique from 2020 onward were included in Group B.
The Whitney test and chi-square test or Fisher's exact test were conducted to analyze the differences in
several postoperative outcomes between the two groups.

Result
Five cases of postoperative CSF leaks and a single intracranial infection occurred in Group A. No
postoperative CSF leaks or intracranial infection occurred in Group B. The in-situ suture technique
avoided the need to take autologous fat and fascia lata from the thigh (p < 0.001), reduced postoperative
bed rest (p < 0.001), and decreased the incidence of postoperative CSF leaks (p = 0.049) and the total
hospital stay (p = 0.011). No signi�cant differences in re-repair, hospitalization costs or postoperative
intracranial infection were noted between the two groups.

Conclusion
This modi�ed technique could represent an effective and safe option for repairing grade 3 leaks
associated with the EEEA. In the future, the focus should be on increasing the number of surgeries and
continuing follow-up to monitor and evaluate the long-term e�cacy of this approach.

Introduction
Through the development and modi�cation of transsphenoidal approaches and the addition of the
endoscope, an expanded endoscopic endonasal approach (EEEA) has been established and has become
one of the important surgical methods to remove tumors located at the skull base[1]. When the lesion is
located along the midline, EEEA is a better surgical option than the conventional transcranial approach[2].
However, due to some limits, such as the depth within the nasal cavity, lack of blood and 2D of view,
reconstruction after EEEA is more di�cult and less reliable[3]. Moreover, removing more skull base bone
and opening the third ventricle further increase the risk of postoperative cerebrospinal �uid (CSF) leaks[4].
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In addition, postoperative CSF leaks increases the risk of intracranial infection, pneumocephalus or
meningitis[5].

Hence, based on the vascularized �ap concept, Hadad et al [6] proposed a multilayer repair technique in
2006, involving a vascular pedicle nasoseptal �ap (VP-NSF) based on the nasoseptal artery, which greatly
reduced the incidence of CSF leaks after skull base reconstruction for larger dural defects or grade 3
leaks. In general, the multilayer repair technique consists of at least three layers[7], from the inner to the
outer layer. Speci�cally, fat grafts or synthetic grafts that �ll the void created via tumor removal and
reduce the risk of CSF leaks. In addition, autologous fascia lata and VP-NSF provide good watertight
properties to prevent CSF leaks. In recent years, based on the multilayer repair technique, surgeons have
also made some suture improvements, such as the technique of continuous suturing of the dura with
fascia lata grafts, a method of 360° closure by suturing 11 points around the defect, and a nasal septum
bone �ap combined with VP-NSF[8-10]. These factors have further reduced the rate of CSF leaks and
related complications.

Nevertheless, CSF leaks still exists after EEEA, especially when intraoperative grade 3 leaks occur. The
usage of repair materials, such as autologous fat and fascia lata, can cause additional damage in the
patient. Therefore, it is still necessary to improve or even invent new repair techniques. In this article, we
present a modi�ed skull base repair method that we investigated, which avoids the use of autologous fat
and fascia lata. After the defect is lined with arti�cial dura, it is sutured in situ with a nasoseptal mucosal
�ap to the edge of the defective dura. By reviewing the clinical data of patients using this method and the
conventional technique, we found that this modi�ed method provides better watertightness and robust
support with less patient injury.

Materials And Methods
1.5.1 Patient

We conducted a retrospective review of patients who underwent EEEA to remove skull base tumors
between January 2017 and February 2022. Eighteen patients who underwent the conventional approach
between January 2017 and December 2019 were included in Group A. From 2020 onward, 15 patients
who used a nasoseptal mucosal �ap with in-situ sutures were included in Group B. The clinical data,
imaging records and pathological records of these 33 patients were also collected in a complete review.
This retrospective study was approved by the ethical committee of our institution. The written informed
consent was provided by all the patients.

1.5.2 Inclusion criteria

1.5.2.1 Patients aged between 18 and 70 years old; 

1.5.2.2 Patients performed by EEEA; 
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1.5.2.3. Patients with intraoperative grade 3 leaks as determined by the grading criteria for intraoperative
CSF proposed by Esposito et al[5, 11] (as described in Table 1). 

1.5.3 Exclusion criteria

1.5.3.1 Patients completed standard and enhanced pituitary MRI after 3 days postoperatively; 

1.5.3.2 Follow-up time after discharge is less than 3 months.

1.5.4 Surgical techniques

The speci�c surgical steps for resection of skull base tumors via EEEA are described in detail in several
studies[12-14], and our surgical approach is broadly similar to these steps, including preparation of the
VP-NSF, harvest of an autologous fat and fascial lata �ap, creation of the expanded corridor, occlusion of
an appropriately sized bone window to expose the tumor, tumor resection, and skull base reconstruction.
We prefer bilateral nostril expanded approach. Usually, the right nostril is used to hold the endoscope and
an aspirator. To have a wide space, the right middle turbinate is resected. VP-NSF is got from the right
nasal septum. The free nasoseptal mucosal �ap is harvested from the left posterior 1/3 of the nasal
septum.

Group A used the conventional multilayer repair technique involving autologous fat- arti�cial dura- fascia
lata-VP-NSF. The relevant conventional repair methods have been more clearly introduced14.

Group B was treated with a multilayer repair technique including Surgi�o- an arti�cial dura-free
nasoseptal mucosal �ap- VP-NSF (Figure 1). While creating the expanded corridor stage, we harvested the
nasoseptal mucosal �ap, which was applied to perform in-situ suturing. We peeled the mucosa from the
left posterior 1/3 of the nasal septum, which was approximately 2 cm*2 cm in size (Figure 2a). After
adequate disinfection of the nasoseptal mucosal �ap, the �ap is extended and thinned using the fascia
press (Figure 2b), which makes the �ap easier to suture. After extension, the �ap area increased by 1.5- to
2-fold (Figure 2c). Then, the �ap was preserved in saline. Regarding skull base construction, we need to
appropriately trim the nasoseptal mucosal �ap to obtain the proper size and appropriate edges. 

In the skull base reconstruction performed on Group B, the �rst step of repair involved �lling the dead
space with Surgi�o (SURGIFLOTM, Sydmarken 5, 2860 Soeborg, Denmark). Second, an arti�cial dura
(Tyfmedical, Changping, Beijing, China) was inlayed into the subdural space (Figure 3a), and the edge of
the arti�cial dura needed to crossover the edge of the defective dura by at least 5 mm to ensure complete
coverage of the dural defect. Subsequently, we used an in-situ suture technique based on the nasoseptal
mucosal �ap to close the skull base defect. A 6-0 nonabsorbable suture (PROLENE; Ethicon, San Lorenzo,
Puerto Rico, USA) was utilized to �x the �ap and dura. In general, the �rst stitch was placed to �x the �ap
to the top right of the defect, and the second stitch was repeated on the top left (Figure 3b, c). The
direction of puncture of the dura was always from the �ap to the dura edge, and the needle crossed the
mucosal �ap from the external side to the internal side and the dura from the internal side to the external
side (Figure 3d). Continuous dura suturing was performed from right to left between the �rst two stitches.
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Thereafter, the other three sides were sutured in an intermittent manner (Figure 3e). We used an
endoscopic needle holder (Xiaoshan, Hangzhou, China) that has a rotatable 30° upangled tip and can
drive the needle at various angles. Even if the needle is clipped by the tip deep within the nasal cavity, the
direction of the needle can be adjusted by rotating the holder rod with the right index �nger. For knotting,
we prefer to employ rotation and piston motion around the string to make a circle due to the narrow and
deep space. The procedure is detailed in our surgery VIDEO. Afterward, �brin glue (Porcine Fibrin Sealant
Kit; Bioseal, Guangzhou, Guangdong, China) was sprayed over the entire surface of the skull base defect
and the nasoseptal mucosal �ap. Then, VP-NSF was used to cover the above structures (Figure 3f).
Finally, iodoform gauze was used to support the repair materials. 

1.5.5 Postoperative surveillance for CSF Leaks

All patients completed standard and enhanced pituitary MRI within 3 days postoperatively to assess
whether the repair material and VP-NSF had migrated and whether intracranial pneumatization had
occurred. Postoperative CSF leaks was determined by an anterior tilt test. We describe two situations
based on our clinical experience. (1) The enhanced VP-NSF is displaced, and rhinorrhea of CSF is noted
on the anterior tilt test. The patients will be treated by LD �rst. Unfortunately, the re-repair will be
performed on condition that the CSF leaks is still observed during LD and after lying �at for 7 days. (2)
The VP-NSF is attached on the closure, but CSF rhinorrhea is detected on the anterior tilt test. Bed rest will
be prolonged to 7 days. If the CSF leaks did not disappear, the patients were treated as described in (1).
(3) The VP-NSF was well attached to the bone, and no drainage was noted on the anterior tilt test. The
patients were judged to have no postoperative CSF leaks when they were allowed to leave the bed and
move around.

In fact, repair failure of CSF leaks is obvious and characterized by continuous water drainage from the
nostrils. A small amount of a thicker, light blood-like drip is not considered to represent CSF leaks.

1.5.6 Statistical analysis

Because the continuous data in this article did not obey a Gaussian distribution, they were expressed as
the mean ± standard deviation and compared by the Mann‒Whitney test. Categorical data are expressed
as frequencies and percentages and were compared by Fisher's exact test since there was no
postoperative CSF leaks in Group B. A value of p< 0.05 was considered statistically signi�cant. SPSS
25.0 was employed for data analysis.

Results
January 2017 to February 2022, 33 patients underwent EEEA for resection of skull base lesions, and all of
them developed Esposito’s grade 3 leaks. The demographic data, tumor pathology, and postoperative CSF
leaks for these patients are detailed in Table 2.
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Postoperative pathology showed 19 cases of craniopharyngioma, 11 cases of meningioma, and 1 case
each of olfactory neuroblastoma, Latke's cyst, and grade II gangliogliomas. All patients were followed up
for at least 3 months after discharge. Five (27.78%) cases of postoperative CSF leaks occurred in Group
A. Three of the patients underwent re-repair. The other 2 patients received only lumbar drainage (LD), and
no further CSF leaks was noted during the subsequent follow-up. In addition, one patient developed a
postoperative intracranial infection, which was con�rmed by CSF culture and later cured by antibiotics.
No postoperative CSF leaks or intracranial infection was observed in Group B.

The results of the statistical analysis comparing the two groups are presented in Table 3. The differences
between the two groups in terms of postoperative CSF leaks (p=0.049), postoperative bed rest time
(p<0.001), total days of hospitalization (p=0.011) and whether autologous tissues were obtained from the
thigh (p<0.001) were statistically signi�cant. Re-repair (p=0.150), intracranial infection (p=1.000) and
postoperative hospitalization cost (p=0.055) did not signi�cantly differ between the two groups.

Discussion
In this study, we investigated the reliability and effectiveness of the in-situ suture technique based on the
nasoseptal mucosal �ap in reducing the incidence of CSF leaks after EEEA, and further analyzed the
effect of this technique in reducing the rate of postoperative intracranial infection, bed rest,
hospitalization cost, total hospitalization days, and avoidance of self-thigh extraction. The results
showed that the in-situ suture technique offered signi�cant advantages compared with the conventional
method in reducing postoperative bed rest, the postoperative CSF leaks rate and total hospital stay and
avoiding intraoperative extraction from the thigh. This �nding suggests that the multilayer repair
technique including a gel foam- arti�cial dura- free nasal septal mucosal �ap- VP-NSF represents a safe,
e�cient and less invasive method of skull base reconstruction.

EEEA provides a more ideal approach to possess a clearer surgical �eld of the ventral aspect of the skull
base. The indications for EEEA are broad and allow for the treatment of many midline skull base tumors
and other paramedian line lesions, such as pituitary adenomas, meningiomas, craniopharyngiomas, and
chordomas[15]. In contrast to the transcranial approach, it is di�cult for the dura to be repaired
seamlessly using the EEEA, and the bitten skull base bone is �nely fragmented. Anatomical restoration
cannot be performed, which leaves a skull base defect, and there is no scalp covering the defect, which
increases the risk of postoperative CSF leaks. Postoperative CSF leaks induces some complications, such
as intracranial infection and intracranial pneumatosis. The CSF leaks rate could be as high as 40%[16] in
an endoscopic endonasal approach. Although a multilayer repair technique based on VP-NSF reduced
this rate to 6.2%[17], the incidence of postoperative CSF leaks was still as high as 10% to 19.0% for EEEA
with intraoperative grade 3 leaks[11, 18, 19]. The patients included in this study all underwent EEEA and
had intraoperative grade 3 leaks. We found 5 cases (27.78%) of postoperative CSF leaks in the
conventional group (Group A), but no postoperative CSF leaks was noted in the modi�ed group (Group B).
The difference (p=0.049) in the incidence of CSF between the two groups was statistically signi�cant.
This �nding indicated the safety and e�ciency of the in-situ suturing technique.
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Current mainstream autografts include autologous fat, fascia lata, temporalis fascia, and rectus
abdominis muscle[20]. Autologous fat and the fascia lata are the most commonly used autologous repair
materials. Autologous fat grafts harvested from the abdomen or the thigh are generally employed to �ll
the subdural dead space and are also attached to the defect to supply support[8, 21]. The fascia lata
represents a major material for repair when skull base defects are large or when secondary surgery is
performed and there is no available VP-NSF. Both substances are easily accessible, have su�cient
reserves, exhibit good autologous compatibility and are easy to handle[14, 20]. However, grafts may
cause some side effects in patients, such as migration and necrosis of grafts, mass effect on
surrounding structures and even relevant meningitis[22], and could also cause wound-related issues, such
as hematoma formation, wound dehiscence, or infection at the donor site[23-25]. Patients with incisions
in the lower extremities stayed in bed longer due to the fear of pain. In this article, we use Surgi�o to �ll
the dead space and a nasoseptal mucosal �ap for watertight suturing. This method eliminated the need
to excise autologous fat and fascia lata from the abdomen or thighs, thus avoiding complications
associated with autografts and shortening the patient's postoperative recovery time. More importantly, it
was demonstrated in Group B that satisfactory surgical results could be obtained by using the nasoseptal
mucosal �ap for in situ suturing.

To ensure that the grafts remain in-situ and minimize CSF pressure to prevent grafts from migrating,
many surgeons use buttresses, including autologous bone fragments, alloplastic rigid materials and
bioresorbable materials[19, 26]. However, the rigid buttress, which often takes the shape of a small strip,
cannot completely cover the skull base defect and is only embedded between the dura and the skull
without being secured by screws. Thus, this buttress can easily slip and loses its supporting role, even
damaging the adjacent neurovascular structures[26]. In addition, rejection and infection may occur with
allogeneic materials. Moreover, it is di�cult and risky to remove the buttress that is tightly adhered to the
surrounding tissues if reoperation is needed after several years due to tumor recurrence. We repaired the
dural defect by suturing and knotting with the free �ap instead of simply embedding a buttress. This
method can provide su�cient resistance against many types of pressure changes from intradural or
extradural while improving the watertightness of the repair. Fewer changes in the repair material position
were noted on postoperative MRI in Group B patients. We performed this technique in 15 patients, and no
CSF leaks was observed postoperatively.

To make this technique safe and convenient, some recommendations are provided here. First, the dura
mater of the skull base must be protected. With the exception of the true base of the meningioma,
cauterizing and biting the dura of the skull base of other lesions should be avoided whenever possible.
This method will preserve a su�cient dural free margin for suturing. Second, after opening the dura, it
was pulled to the sides to prevent the dural �ap from obstructing the visual �eld. Again, a relatively blood-
free surgical �eld is maintained throughout the procedure, which reduces obstruction to the surgical �eld
and prevents accidental injury to important structures, such as the optic nerve, internal carotid artery, and
pituitary gland, while also improving the accuracy of each stitch. In addition, the dura mater must be
sutured from the inside out with the edge of the dura mater �rst picked up with a needle tip or suction
device. This method ensures that the dura mater is kept away from neurovascular structures.
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Furthermore, a large, relatively �at space is required to facilitate suturing. Finally, when establishing an
enlarged approach, a more extensive opening of the pterygoid sinus and nasal septum is needed.

Limitations
There are still some limitations in our investigation. Free �aps are less sterile than fascial and adipose
tissue and must be adequately sterilized before suturing. However, to date, no intracranial infections have
been detected in any patients in Group B. Second, the deep and narrow space and the uneven skull base
make suturing and knotting more di�cult. Therefore, some special tools must be used to overcome this
limitation. In addition, given that the �eld of view is two-dimensional, the greatest challenge is to
distinguish the subtle differences between different depths. When the needle tip is vertically up or down, it
is di�cult to detect with the naked eye, requiring up and down movements as well as lighting and rotation
of the suture needle for identi�cation. Initially, it takes 8-15 minutes to close a stitch. However, after
training, the whole process can be performed in 15-30 minutes. Furthermore, the major limitation of this
study is the limited number of patients, and the power of the associated statistical results is limited.

Conclusion
The in-situ suture technique was initially applied and evaluated clinically. No patients exhibited
postoperative CSF leaks. The number of surgical cases and the follow-up period should be increased in
the future to observe and evaluate the long-term e�cacy of this technique. In conclusion, this modi�ed
technique may represent a better repair option for skull base reconstruction.
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Tables
Table 1

CSF leak grading system proposed by Esposito et al.

Grade of
leak

Description of leak

Grade 0 Absence of CSF leak, con�rmed by Valsalva maneuver

Grade 1 Small “weeping” leak, con�rmed by Valsalva maneuver, without obvious or with only
small diaphragmatic defect

Grade 2 Moderate CSF leak, with obvious diaphragmatic defect

Grade 3 Large CSF leak, typically created as part of EEEA through the supradiaphragmatic or
clival dura for tumor access
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Table 2
Clinical and demographic characteristics of patients.

  Group A Group B   Total

  n = 18 n = 15   33

Gender        

Male 9 5   14

Female 9 10   19

Age 46.28 ± 11.28 41.53 ± 14.11   44.12 ± 12.66

Pathology        

Craniopharyngioma 11 8   19

Meningioma 5 6   11

Rathke’s cleft cyst 1 0   1

Olfactory neuroblastoma 1 0   1

Grade  ganglioglioma 0 1   1

Diameter of tumor 22.74 ± 9.34 24.43 ± 7.46   23.51 ± 8.45

Table 3
Comparison of postoperative indexes between group A and group B.

  Group A Group B P. Value

  n = 18 n = 15

Re-repair 3(16.67%) 0 0.150

Intracranial infection 1(5.56%) 0 1.000

Postoperative CSF leakage 5(27.78%) 0 0.049

Incision of lower extremities 18(100.00%) 0 0.000

bed rest time (days) 10.78 ± 5.77 4.80 ± 1.32 0.000

Hospitalization days (days) 25.11 ± 14.17 17.60 ± 4.88 0.011

Hospitalization costs (CNY) 71464.72 ± 24895.96 59906.67 ± 7448.54 0.055

Figures
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Figure 1

Schematic depiction of the sagittal position of in-situ suture technique.

Figure 2

Create the nasoseptal mucosal �ap and thin the �aps with a fascia press. (a) The size of the free
mucosal �ap taken from the rear 1/3 of the left septum mucosa is approximately 2 cm* 2 cm. (b) The
nasoseptal mucosal �ap was thinned and enlarged using the fascia press. (c) The size of the �aps will be
enlarged by 1.5- to 2-fold. The black arrow represents the resected middle turbinate, and the white arrow
refers to the free left septum mucosa �ap.
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Figure 3

Steps of skull base reconstruction under endoscopic view. (a) The arti�cial dura was placed between the
cerebrum and the dura. (b) The �rst stitch �xes the free mucosal �ap to the top right of the dura defect.
(c) The second stitch was placed at the top left. (d) The direction was always from the �ap to the dural
edge. (e) Continuous dural suturing was performed from right to left between the �rst two stitches, and
then the other three sides were �xed in an intermittent manner. (f) The VP-NSF was deposited on the
surface of the dural closure and skull bone.
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