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Abstract: Background: Postoperative cerebrospinal fluid (CSF) leak is a life-threatening complication following en-
doscopic skull base surgery. This study describes a multilayered membrane reconstruction strategy for treating
high-flow intraoperative CSF leaks during expanded endoscopic endonasal tumor resection (EEA) and presents
the associated outcomes, supplemented by surgical video documentation. Methods: A retrospective review was
performed on patients who underwent multilayered membrane reconstruction for high-flow CSF leaks during EEA.
Results: From January 2019 to June 2023, 15 patients undergoing EEA experienced high-flow intraoperative CSF
leaks and received multilayered membrane reconstruction. Tumor pathologies included pituitary adenoma, cra-
niopharyngioma, and meningioma. After a median postoperative follow-up of 13 months, no postoperative CSF
leakage, intracranial infection, meningitis, and pneumocephalus was detected. Conclusion: Our preliminary experi-
ence indicates that the multilayered membrane reconstruction technique may be a reliable method for achieving a
watertight closure of high-flow intraoperative CSF leaks during EEA and warrants further study.
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Introduction

Over the past decade, endoscopic endonasal
approaches have made remarkable progress
with the improvement of neuroendoscopic
equipment and instruments and accumulation
of surgical techniques and experience.
Currently, expanded endoscopic endonasal
approaches (EEA) are extensively utilized for
resection of sellar, parasellar, and ventral skull
base regions, including tuberculum sellae
meningioma, craniopharyngioma, pituitary ade-
noma, Rathke’s cleft cyst, chordoma, chondro-
sarcoma, and others [1]. This approach enables
accessing to lesions while avoiding brain retrac-
tion and minimizing neurovascular manipula-
tion. It also provides a better illumination of the
surgical field and the ability to a wider viewing
angle that cannot be achieved with a micro-
scope [1, 2]. Thus, it is highly valued by
neurosurgeons.

Cerebrospinal fluid (CSF) leak is a common and
potential life-endangering complication due to
inadequate closure of dural defects following
EEA, particularly when intraoperative CSF leak-
age occurs [3]. Early case series reported leak
rates often exceeded 15% [4-7]. Therefore, suc-
cessful reconstructing skull base dural defects
is a significant challenge. To achieve a water-
tight dural seal, multiple closure materials have
been proposed for skull-base defect recon-
struction, including the use of artificial dural
substitutes, free autologous tissue grafts, vari-
ous vascularized flaps, and other synthetic
materials, alone or in combination [8, 9]. The
use of these materials alone or in combination,
has dramatically decreased the rate of CSF
leaks, although success rates vary greatly
depending on the pathology, defect size, and
personal surgical experience and technique [9].
A recent meta-analysis of 29 studies published
between 2004 and April 2020 by Najafabadi et
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Figure 1. Diagram of skull base reconstruction and the order of the mul-
tilayered artificial dural substitutes placed in surgery. Abbreviations: RAD,
resorbable artificial dura; unRAD, un-resorbable artificial dura; SMP, septal

mucosal flap.

al. found a considerable decrease in the per-
centage of patients with CSF leaks over time,
from 22% in early series published between
2004 and 2010 to 4% in recent studies pub-
lished between 2016 and 2020 [10]. They also
suggested that the decrease in CSF leaks could
be attributed to not only a surgical learning
curve but also to the use of multiple closure
techniques [10]. Given that CSF leak carries
potentially serious consequences of CSF leak,
including pneumocephalus, meningitis, and
prolonged hospitalization or readmission, a reli-
able method for achieving a durable watertight
closure is still needed.

In this report, we present our preliminary expe-
rience with a small series of patients who
underwent a novel, sample, multilayered mem-
brane reconstruction technique for high-flow
intraoperative leak during EEA.

Materials and methods

Patients. We retrospectively reviewed the
demographic and outcome data of all adult
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patients who experienced a
high-flow intraoperative CSF
leakage and underwent EEA
with multilayered membrane
closure between 2019 and
2023. All procedures were
performed by a senior sur-
geon. This project was ap-
proved by Chongging General
Hospital (KY S2023-097-01).

Key points of multilayered
membrane reconstruction te-
chnique: Figure 1 shows a
diagrammatic representation
of skull base reconstruction
and the order of the multilay-
ered artificial dural substi-
tutes placed in surgery. During
the surgery, Gelfoam was
used to eliminate the dead
space, and then a piece of
resorbable artificial dura ma-
ter was placed as the first
layer, followed by a piece of
un-resorbable artificial dura
as the second layer. These
two layers were placed in
intradural space and covered
the dural defect. Subsequently, another resorb-
able piece and a non-resorbable artificial dura
were placed to overlay the defect of the skull
base bone. In most cases, four-layered artificial
dural substitutes were used. When there was a
significant cerebrospinal fluid leaks obviously
or more buttress was needed, additional artifi-
cial dural substitutes would be added. Notably,
the artificial dura mater should be fashioned to
be 0.5-1 cm larger than the dimensions of the
dural defect and skull base bone. When there
was no septal mucosal flap for recurrent tumors
or reoperations, more SURGICEL FIBRILLAR
and/or Gelfoam would be used to reinforce
packing of the skull base bone. To provide a
solid buttress, nasal packing was essential.
Fibrin glue was not used in our surgery.

Postoperative management. General guide-
lines for managing CSF fistulas include routine
CT or MRI reexamination within the first 24
hours after surgery, advising patients to avoid
any activity that may increase intracranial pres-
sure, and to use stool softeners. Lumbar drain-
age was not used. Prophylactic antibiotics were
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Figure 2. Preoperative and postoperative MRI. A, B. Coronal and Sagittal MRI scans show a cystic lesion located in
suprasellar area. C, D. Coronal and Sagittal MRI examination at 6 months after operation suggested the complete
removal of the lesion.

routinely administered for three days. In our
practice, the iodoform gauze and French Foley
were left in place for three weeks.

Results

Between January 2019 and June 2023, 15
patients with EEA experienced high-flow intra-
operative CSF leaks. The current series includ-
ed 7 males and 8 females, aged from 32 to 70
years. Tumor pathologies included pituitary
adenomas, craniopharyngiomas, and meningi-
omas. In these patients, a septal mucosal flap
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was not used in 4 cases. No patients received
postoperative lumbar subarachnoid drain treat-
ment after surgery. After a median postopera-
tive follow-up of 13 months, no postoperative
CSF leakage, intracranial infection or/and men-
ingitis, or pneumocephalus was observed.

This report includes perioperative images and
a surgical video to exemplify a representative
case. A 41-year-old woman with complaints of
headache, menstrual irregularities, and blurred
vision was admitted to Chongging General
Hospital. Subsequent brain MRI scans revealed
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a cystic lesion in the suprasellar area, suggest-
ing a craniopharyngioma (Figure 2A, 2B). After
an in-depth discussion with the patient about
potential surgical approaches, an EEA was
decided upon. During the lesion removal, a
high-flow intraoperative CSF leakage occurred,
necessitating a multilayered membrane recon-
struction technique (Supplementary Video 1).
Because of the opening of the third ventricle,
our initial step was to place the resorbable dura
mater for protection, followed by Gelfoam to
eliminate dead space. To mitigate CSF settling,
a second layer of resorbable synthetic dura
mater was added, succeeded by an outer layer
of non-resorbable artificial dura within the
intradural space. These three layers were stra-
tegically placed to cover the dural defect and
ensure watertight closure. Subsequently, a
resorbable piece and a non-resorbable artificial
dura were placed to overlay the skull base bone
defect and securely affixed with SURGICEL
FIBRILLAR. Finally, the procedure also involved
the fixation of a septal mucosal flap was fixed
and nasal tampons were inserted to support
the flap. A Foley catheter balloon was also
placed to prevent the nasal tampons from
migrating into the posterior nasal meatus.
Pathological examinations confirmed the cra-
niopharyngioma diagnosis. The 6-month post-
operative MRI scans verified the complete
removal of the lesion (Figure 2C, 2D).

Discussion

Postoperative CSF fistulas remain a major com-
plication of endonasal approaches, particularly
the EEA for skull base tumors. Preventing CSF
leakage is the primary goal of skull base recon-
struction surgery. Currently, various multilay-
ered repair technologies, such as pedicled
nasoseptal flap [11], gasket seal technique [9],
bilayer button technique [12], situ bone flap
[13], and the 3F technique [14], have proposed
and have greatly reduced the incidence of post-
operative CSF leakage.

Our skull base repair techniques have under-
gone several modifications over the past 20
years. Similar to others, we have used artificial
dural substitutes, free autologous tissue grafts,
various vascularized flaps, and other synthetic
materials, either alone or in combination during
our previous operations. However, these tech-
nologies have some drawbacks. First, addition-
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al wounds and various donor site complications
can occur after harvesting the autologous fas-
cia lata and/or fat graft. Second, we cannot
harvest pedicled nasoseptal flaps in patients
with recurrent tumors, reoperation, or those
who have undergone radiotherapy. Finally, hard
repair materials, such as situ bone flaps, are
difficult to apply to most patients, especially
those with skull base bone infiltration. More-
over, hard repair materials are difficult to fash-
ion to fit the defect of the skull base.

In this case report, we described a simple, mul-
tilayered membrane reconstruction technique
for high-flow intraoperative CSF leaks during
EEA in recent years. Using this multilayered
membrane reconstruction technique, several
precautions should be noted. First, absorbable
and nonabsorbable artificial dura mater are
alternately placed during surgery. Outside the
skull base, a layered absorbable dural substi-
tute is placed first, followed by nonabsorbable
artificial dura mater. This placement sequence
can prevent the migration of the artificial dura.
Second, at least four layers of artificial dural
substitutes should be were used to provide a
solid buttress and should avoid wrinkles. Third,
the first two layers of artificial dural substitutes
placed in intradural space should be fashioned
to be 0.5-1.0 cm larger than the dimensions of
the dural defects. Fourth, from the outside to
the inside, each layer of the dura mater is larger
than the inner layer. Fifth, use of SURGICEL
FIBRILLAR and Gelfoam fixes the artificial dural
and promote adhesion to the surrounding nasal
mucosa. Finally, a three-week period of nasal
tamponades in practice is essential. Therefore,
the multilayered membrane reconstruction
technique provides a watertight dural seal and
adequate biomechanical support. In our illus-
trate case with high-flow CSF leaking and an
opened third ventricle, an additional artificial
dural substitute was placed first before using
Gelfoam to eliminate the dead space. The addi-
tional absorbable dural substitute not only pre-
vents the Gelfoam from dislodging into the ven-
tricle and blocking the Sylvius aqueduct but
also decreases the CSF sedimentation.

Our technique has advantages, such as easy
and simple operation, no dead space, and no
extra damage. Two major concerns should be
noted, however. One is that non-autologous
grafts could be an infection source, increasing
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the risk of infection. Another is a three-week
secured time with nasal tamponades, which
may lead to unbearable nasal congestion and
discomfort in some patients. Based on the
author’'s experience, the optimal time for
removing the nasal packing is three weeks,
especially in some patients without the septal
mucosal flap. After three weeks of compres-
sion, the skull base is sufficiently sturdy.

Conclusions

In the current study with a limited number of
cases, we presented our preliminary experi-
ence that a multilayered membrane recon-
struction technique may be a reliable recon-
structive technique for high-flow intraoperative
CSF leak during EEA. This deserves further
study.
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Supplementary Video 1. The major procedure of skull base reconstruction.



