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INTRODUCTION

Endoscopic endonasal skull base surgery has been popu-
larized and expanded over the past two decades. Endoscopic 
pituitary surgery via a transsphenoidal approach is the basic 
technique, and expanded approaches (such as the endoscop-
ic transplanum, transclival, or transcribriform approaches) 
have gained popularity as regular surgical techniques. Endo-
scopic endonasal approaches (EEAs) have many advantages 
over more “open” transcranial approaches, including better 
visualization and improved cosmesis for the patient as well 
as not requiring brain retraction or manipulation. 

However, EEA was initially criticized for its possible higher 
rate of postoperative cerebrospinal fluid (CSF) leaks, espe-
cially when used to remove large intradural lesions such as 
meningiomas, craniopharyngiomas, skull-base invading ma-
lignancies, and clival chordomas through large skull-base du-
ral defects. Although introduction of the nasoseptal flap (NSF) 
method (also known as the Hadad-Bassagasteguy flap) has 
reduced the rate of postoperative CSF leaks, reconstruction 
is challenging and remains one of the most important steps in 
endoscopic skull-base surgery (ESBS). In this article, we re-

view the surgical technique and describe operative nuances of 
endoscopic reconstruction of graded CSF leaks after endo-
scopic endonasal skull-base surgeries. 

 
GENERAL PRINCIPLES OF ENDOSCOPIC

SKULL-BASE RECONSTRUCTION

The goal of reconstruction is to achieve a water-tight clo-
sure between the intracranial space and sinonasal cavity to 
prevent CSF leakage, pneumocephalus, and meningitis. In a 
recent meta-analysis [1,2] that assessed risk factors for post-
operative CSF leakage, obesity, perioperative radiotherapy, 
and high intraoperative CSF flow rate affected CSF leakage 
after EEA. In Korean populations, few people are severely 
obese (BMI>30 kg/m²); therefore, obesity is not a common 
risk factor for Korean patients who undergo EEA. In regular 
clinical situations, the grade of intraoperative CSF leakage 
and the sites of CSF leakage were the most important factors 
to select the methods for reconstruction. As previously de-
scribed by Esposito et al. [3], grading is categorized as follows: 
grade 0, no observed leak; grade I, a small “weeping” CSF 
leak confirmed by the Valsalva maneuver without a visible di-
aphragmatic defect; grade II, a moderate leak with a definite 
diaphragmatic defect; or grade III, a large diaphragmatic and/
or dural defect created as part of a suprasellar planum or tran-
sclival extended transsphenoidal approach. Because Kelly’s 
grading system was developed based on a transsellar ap-
proach, the location of the defect should be considered when 
planning a successful reconstruction. A posterior fossa defect 
that arises after a transclival approach has been considered an 
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independent higher risk factor of CSF leakage compared with 
an anterior defect repaired using a transcribriform approach 
or a suprasellar defect treated with a transplanum approach 
[4]. For both low-flow and high-flow CSF leaks, use of a mul-
tilayer closure method has shown higher success rates than 
single-layer reconstruction. Therefore, the most cost-effective 
reconstruction that carries the lowest morbidity should be se-
lected for individual cases. According to the recently pub-
lished International Consensus Statement [5], a vascular flap 
is recommended for large dural defects and high-flow CSF 
leaks, while a free graft is recommended for low-flow CSF 
leaks.

Although the NSF is the most effective method for grade 
I to III leaks, a NSF can negatively impact the patient’s sinona-
sal quality of life and olfactory function [6,7]. Therefore, NSF 
should only be used when absolutely necessary, such as in 
grade II or grade III leaks in patients with other risk factors. 

Despite the reconstruction method, the main purpose and 
basic principles of skull-base reconstruction are as follows: 1) 
creating a protective barrier to reduce the chance of infec-
tion, 2) reduction of the dead space left by the tumor resec-
tion, and 3) prevention of the descent of the chiasm and oth-
er intracranial contents.

In the past, most textbooks have introduced the method of 
sellar packing with autologous fat, muscle, and fascia follow-
ing a transsphenoidal approach for pituitary tumors and have 
made the rigid support using bone or cartilage as well. How-
ever, various methods of reconstruction of the skull-base have 
been introduced over the last 20 years, and many studies have 
reported that not using sellar packing does not increase the 
incidence rates of postoperative CSF leaks or other complica-
tions [8]. In addition, overpacking can cause compression of 
the optic chiasm, and caution is required around the optic 
chiasm during suprasellar reconstruction. 

VARIOUS RECONSTRUCTION OPTIONS

Various materials (including homologous or autologous 
grafts) have been used for endoscopic skull-base reconstruc-
tion. These materials vary depending on the grade and site of 

the CSF leaks, but they all used for a multilayer reconstruc-
tion using an underlay (subdural) and an overlay (epidural 
and under the skull-base bone) (Table 1).

Free autograft 
Autografts from the free mucosa, fat, and fascia lata have 

the advantage of being both safe and cost-effective. Autolo-
gous fat has a strong advantage in that it can fill in the dead 
space left in the subdural space after tumor resection. The fas-
cia lata affords a layered, water-tight reconstruction. Howev-
er, there are also disadvantages of using these materials: ad-
ditional operation time is required, an additional incision is 
needed at the donor site, and there are limitations in design-
ing the size or shape of the grafts.

Another option is a free mucosal graft, which can be ob-
tained simply from intranasal structures (the septum and in-
ferior or middle turbinate) and has the advantage of not caus-
ing additional donor complications after surgery. A turbinate 
can be used as the material for an onlay graft by stripping 
away the mucosa after excision of the structure. In this case, 
if the mucous membrane of the border is not completely flat-
tened, a mucocele can occur later; care must be taken to en-
sure that it is sufficiently compressed and spread out.

A free bone graft is also useful because it can provide strong 
support against intracranial pressure and can be obtained 
from the septum (the vomer or perpendicular plate of the 
ethmoid bone) during posterior septectomy. However, the 
use of bone tissue in patients requiring scheduled radiation 
therapy must be approached with caution because it can cause 
osteoradionecrosis or graft breakdown [9,10].

Allograft 
Allografts do not require additional time or a donor site in-

cision to obtain materials, but they are associated with addi-
tional costs and have disadvantages in that they can be used 
only after careful evaluation of biocompatibility. Acellular 
dermal grafts, such as Alloderm® grafts (LifeCell Corp., The 
Woodlands, TX, USA), have been effectively used for a long 
time [11]; a recent study reported blood vessels regenerated 
into an Alloderm® graft used for skull-base reconstruction, 

Table 1. Methods of endoscopic skull-base reconstruction

Free graft Vascularized flap
Autograft Allograft Intranasal Extranasal

Mucosa (inferior turbinate, 
  middle turbinate, septum)

Acellular dermal graft Nasoseptal flap Pericranial flap

Bone (septum) Medpore Inferior turbinate flap Temporoparietal flap
Fat (abdomen, thigh) Middle turbinate flap Free flap (radial forearm, 

  lateral thigh)
Fascia (fascia lata) Cadaver donor tensor fascia lata Lateral nasal wall flap
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proving its effectiveness in the reconstruction of the skull 
base [12]. In Korea, Megaderm® (L&C Bio, Seoul, Korea) is 
one alternative to Alloderm® that has a lower cost. 

Tensor fascia lata donated from cadavers have been used 
in some institutions, and their effectiveness and safety are es-
tablished [13]. In our experience, there was no difference be-
tween autologous grafts and allografts in terms of postopera-
tive CSF leaks or meningitis (unpublished data). 

 
Intranasal vascularized flaps

The pedicled NSF is a workhorse flap that uses the septal 
branch of the sphenopalatine artery as a pedicle. It can be har-
vested without an additional incision and can be used even 
for large skull-base defects because it has sufficient length 
and width and also offers the advantage of being able to rotate 
freely. After the introduction of these flap techniques in 2006, 
it was reported that CSF leaks could be reduced to less than 
5% [14]. In addition, even when patients require postopera-
tive radiation therapy, post-treatment complications are mini-
mized due to the abundant blood supply present in these flaps. 
Although the NSF is a robust flap used for endoscopic skull-
base reconstruction, a septal flap can reduce the patient’s qual-
ity of life, including alterations in olfaction. Therefore, the 
NSF should be used selectively only when absolutely neces-
sary for reconstruction in case of high-flow CSF leaks that 
arise after some pituitary adenoma, tuberculum sellae menin-
gioma, craniopharyngioma, and clival chordoma surgery.

Inferior or middle turbinate flap with or without the lateral 
nasal wall could also be an alternative when an NSF is unavail-
able due to previous usage or tumor invasion. However, these 
types of flaps are technically difficult to harvest, and vascular-
ity is not as good as that seen in NSFs. In addition, rotation of 
the flap is limited. Therefore, a turbinate flap could be used for 
parasellar or clival defects in limited situations. 

Anteiror ethmoidal artery-based flap could be used for an-
terior cranial fossa or posterior table of frontal sinus. Both an-
terior based septal flap or anterior based lateral nasal wall flap 
are good alternative options instead of posterior based NSF. 

 
Extranasal pedicled flaps

Although a pedicled NSF and other intranasal flaps are the 
reconstructive option of choice for most endoscopic skull-
base defects, different vascularized flaps might be necessary 
in some cases to achieve optimal outcomes. A pericranial flap, 
temporoparietal fascial flap, or a palatal flap are extranasal op-
tions. All of these alternative vascularized flaps are preferred 
to avascular grafting options because the rate of CSF leaks is 
lower with a vascularized repair.

Free tissue transfer 
If other reconstructive methods are unavailable or unsuc-

cessful, a free flap is the last option. It is difficult to perform 
an endoscopic approach alone, and precise microvascular 
anastomosis is required in these cases. In particular, it is use-
ful when there is persistent necrosis due to a large amount of 
radiation in the central skull base and when reconstruction 
has failed several times [15]. 

 
Absorbable adhesives

Whichever reconstruction method is chosen, absorbable 
materials (such as fibrin-coated collagen fleece [Tachosil®, 
Nycomed, Linz, Austria] or fibrin glue) play an important sup-
porting role in multilayer reconstruction. Each material is 
chosen according to the experience of the surgeon. Several 
studies [16,17] have shown the effectiveness of Tachosil® for 
the reconstruction of grade I–II CSF leaks. However, the ef-
fectiveness of fibrin glue is not yet clear [18].

RECONSTRUCTION STRATEGY 
ACCORDING TO GRADE OF 

CEREBROSPINAL FLUID LEAKAGE

Although a diverse grading system and reconstruction meth-
ods [16,19] are used, we introduce our preferred methods us-
ing Kelly’s grading system as follows:

Grade 0
If there is no CSF leakage during pituitary surgery, it is clas-

sified as grade 0. However, even in this case, since the arach-
noid membrane is very thin (Fig. 1A) or CSF leakage that was 
not detected during the operation can occur after the opera-
tion, proper reconstruction is necessary. In this case, depend-
ing on the surgeon’s choice, an autologous mucosal graft [20] 
or sphenoid mucosal flap [21] is typically considered. When 
approaching the sphenoid sinus, the surgeon creates a supe-
rior or inferior based sphenoid mucosal flap and then resects 
the tumor. After tumor resection, Tachosil® (collagen fleece 
coated with a fibrin sealant) is inserted intradurally, and the 
sphenoid mucosal flap is repositioned on the sellar floor (Fig. 
1B). If the arachnoid is bulging out to the sellar floor, the sur-
geon could add a bony reconstruction using a sphenoid bone 
flap or septal bone graft. After that, mucosal flap is covered 
over the sella and the fibrin glue is applied. This method can 
reduce the postoperative CSF leakage and preserves as much 
of the normal mucosal membrane as possible and maintains 
the mucociliary transport and aeration of the sphenoid sinus. 

Grade I
The same technique is used as for grade 0, and a Tachosil® 
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patch is placed at the exact site of the tear in the arachnoid 
membrane. Next, the surgeon should confirm water-tight 
sealing using a Valsalva maneuver. CSF leakage caused by the 
space between the anterior dural edge and the normal gland 
can be safely reconstructed by dural clipping (Fig. 2) [22]. In 
this situation, a lumbar drain is not used.

Grade II
If there is a clear CSF leak intraoperatively and there is a 

definite arachnoid defect, Tachosil® patch is placed on the 
arachnoid hole and the dead space is filled with autologous 
fat grafting, and a mucosal flap or nasal mucosa free graft is 
performed. If possible, rigid buttress such as septal bone could 
give more consistent outcome. In this case as well, a lumbar 
drain is not placed.

Grade III 
High-pressure CSF leaks usually occur in cases of giant pi-

tuitary adenomas, tuberculum sellae/olfactory groove menin-
giomas, craniopharyngiomas, or clival chordomas. A multi-
layer reconstruction with an NSF is the preferred approach 
to address grade III leakage. 

Preparing the defect 
After tumor removal and meticulous hemostasis, it is im-

portant to strip the skull-base mucosa (especially in the sphe-
noid sinus) to allow flap adherence to the bone. The septa of 
the sphenoid sinus or the ethmoid cells must be flattened to 
prevent dead space between the skull-base bone and the NSF. 

Harvesting the nasoseptal flap 
The NSF should be harvested at the beginning of the sur-

Fig. 1. Sellar floor reconstruction for grade 0 or I cerebrospinal fluid leaks. A: A bulging thinned arachnoid membrane following tumor 
resection. The white arrow indicates the arachnoid membrane. B: A superior based sphenoid mucosal flap was used to cover the sellar 
defect.

A B

Fig. 2. Clipping for CSF leak between dura and normal gland. A: A grade I CSF leak from the anterior edge between the dura and normal 
gland (white arrow). B: Dural clipping on the anterior dural edge. CSF, cerebrospinal fluid.

A B
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gery and rotated it into the nasopharynx during the main 
procedure. A monopolar cautery is used to make the incision 
along the nasal floor, which enables a fast flap design without 
bleeding. We used a No. 15 blade knife and iris scissors to 
make the incisions for anterior and superior flap designs to 
protect the septal cartilage and preserve the olfactory neuro-
epithelium. In terms of flap design, a long and wide flap is pre-
ferred. The anterior incision should be made 1 cm posterior 
to the caudal septum to prevent saddle nose when exposed 
cartilage is necrotized. In addition, the inferior incision should 
be made laterally along the mucoperiosteum of the nasal floor. 
To ensure adequate coverage of the skull-base defect, it is bet-
ter to overestimate the defect size and harvest a larger flap than 
to have a smaller flap with suboptimal coverage.

 
Multilayer reconstruction 

Meticulous multilayer reconstruction is critical to prevent 
postoperative CSF leakage. Defects accompanied by high-
flow leaks must be converted to low-flow states by placing a 

piece of autologous or homologous fascia lata or an acellular 
dermal graft. We prefer a button type inlay-onlay graft with 
an acellular dermal graft or homologous fascia lata (Fig. 3A). 
This suture prevents the inlay graft from displacing into the 
intracranial space. If a more water-tight reconstruction is de-
sired, a direct dural suture with a free graft could be used (Fig. 
3B). In cases with posterior fossa defects, we prefer large au-
tologous fat grafts to prevent brainstem herniation. Recently, 
we have used injectable hydroxyapatite between onlay graft 
and NSF (Fig. 3C) because it provides more rigid reconstruc-
tion and more consistent results. When we use the hydroxy-
apatite, it must be covered totally by vascularized flap after 
maximal bleeding control to avoid crack. If not, chronic sino-
nasal or intracranial infection could happen. However, there 
is longer term evidence using hydroxyapatite and we must 
know possible long-term adverse effects. 

Positioning the nasoseptal flap 
Before positioning the NSF, it is important to aggressively 

Fig. 3. Reconstruction options for grade III cerebrospinal fluid leakage. A: An inlay and onlay fascia graft with a button-type suture. B: A di-
rect dura-fascia suture to ensure a water-tight reconstruction. C: A rigid reconstruction using hydroxyapatite. D: A nasoseptal flap recon-
struction after multilayer graft (A, B, and/or C).

A

C

B

D
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remove the rostrum and sphenoid floor to prevent a hinge in 
the flap. Care must be taken to maintain proper orientation of 
the flap so that the mucoperichondrial/mucoperiosteal sur-
face of the NSF is in direct contact with the skull-base defect. 
It is also important to keep the vascular pedicle from twisting. 
Using a four-hand technique, the NSF is carefully positioned 
over the defect. Gentle pressure is then applied to the flap in 
a proximal to distal fashion to prevent dead space between 
the flap and skull base (Fig. 3D). 

 
LUMBAR DRAINAGE AFTER 

ENDOSCOPIC SKULL-BASE REPAIR 

Definite indications of lumbar drainage after endoscopic 
skull-base reconstruction have not been determined. A previ-
ous meta-analysis [2] and systemic review [23] demonstrated 
that lumbar drains do not reduce the incidence of postopera-
tive CSF leaks. However, because individual surgeons tend to 
insert lumber drains when the reconstruction is not as solid 
as desired, the systemic review of retrospective studies could 
not show a high level of evidence for their use. 

A Pittsburgh group [24] published a first prospective ran-
domized controlled trial on the effectiveness of lumbar drain-
age after ESBS. They showed a significant reduction in CSF 
leakage in patients that had lumbar drains placed for anterior 
and posterior skull-base defects. They also reported a tenden-
cy for less CSF leakage in the lumbar drainage group with su-
prasellar pathology. These findings suggest that endoscopic 
skull-base reconstruction is not a perfect method, and adju-
vant techniques (such as rigid reconstruction or lumbar drain-
age) could improve its success rate [25,26]. 

CONCLUSION

It remains controversial whether sellar floor reconstruction 
should be performed in the absence of intraoperative CSF 
leakage. Although the approach will depend on the propen-
sity of the surgeon, reconstruction using an appropriate syn-
thetic graft material and mucosal graft/flap is thought to be 
one of the best options. Various reconstruction strategies can 
be used based on the operator’s experience and surgical find-
ings. In cases of grade II or higher CSF leakage, multi-layer re-
construction using autologous fat grafts or pedicled NSFs is 
essential. As with safe and complete tumor resection, the es-
tablishment of various reconstruction strategies for different 
situations is a key factor in determining the success of ESBS.
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