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Introduction

Over thepast several decades, the transsphenoidal endoscopic
endonasal approach (EEA)has evolveddramaticallyand isnow
a common surgical technique to access sellar and suprasellar
regions.1–4 A characteristic of some of these procedures is an
intraoperative high-flow cerebrospinal fluid (CSF) leak,

created by opening of the cisterns above the sellar diaphragm,
with or without opening of the third ventricle. A grading scale
for CSF leak was created by Esposito et al, and defined a high-
flow leak (class 3) as one involving a large diaphragmatic or
dural defect.5 In these cases, a robust reconstruction is
required to prevent postoperative CSF leakage. Autologous
pedicled mucoperichondrial nasoseptal flaps (NSF) have
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Abstract Background The endoscopic endonasal approach (EEA) has become increasingly
used for resection of skull base tumors in the sellar and suprasellar regions. A
nasoseptal flap (NSF) is routinely used for anterior skull base reconstruction; however,
there are numerous additional allografts and autografts being used in conjunction with
the NSF. The role of perioperative cerebrospinal fluid (CSF) diversion is also unclear.
Objective This study was aimed to analyze success of high-flow CSF leak repair during
EEA procedures without use of CSF diversion through lumbar drainage.
Methods A retrospective chart review of patients who had intraoperative high-flow
CSF leak during EEA procedures at our institution between January 2013 and
December 2017 was performed. CSF leaks were repaired with use of a fascia lata
button graft and nasoseptal flap, without use of perioperative lumbar drains.
Results A total of 38 patients were identified (10 male, 28 female). Patient BMIs ranged
from19.7 to 49 kg/m2 (median ¼ 31 kg/m2), with 18 patientsmeeting criteria for obesity
(BMI > 30 kg/m2) and 12 patients overweight (25 kg/m2 < BMI < 29.9 kg/m2). There
was no incidence of postoperative CSF leak.
Conclusion In our experience, the nasoseptal flap used in conjunction with the fascia
lata button graft is a safe, effective and robust combination for cranial base reconstruc-
tion with high-flow intraoperative CSF leaks, without need for lumbar drains.
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become the mainstay for endonasal cranial base reconstruc-
tion, but typically multilayered repair is required, including a
primary dural repair.6–11There aremanyoptions for the latter,
including a “button” graft, which has been previously
described as consisting of two pieces of autologous fascia
lata sutured together in the center.7 Lumbar drains are com-
monly used for diversion of CSF flow during reconstruction,
but carry risks including infection, lumbar radiculitis, and
increased hospital length of stay.9,12

In this paper, we present a case series of patients who
underwent endoscopic endonasal resection of suprasellar
tumors and reconstruction consisting of an autologous fascia
lata “button” graft for primary dural repair and an NSF for
definitive cranial base repair, without use of an intraopera-
tive or postoperative lumbar drain. All patients had intrao-
perative high-flow CSF leak due to opening of the suprasellar
cisterns with or without opening of the third ventricles.
Demographic analysis and postoperative complications are
presented.

Methods

A retrospective chart review was conducted of consecutive
patients at our institution from January 2013 to December
2017 who underwent extended endoscopic endonasal
cranial base surgery to the supradiaphragmatic space with
opening of the suprasellar cisterns with or without opening
of the third ventricle. Demographic data, BMI, pathology, and
complications were reviewed. All patients had a high-flow
intraoperative CSF leak, and all underwent reconstruction of
the defect with a “button” fascia lata inlay-onlay graft, NSF,
and polyethylene glycol glue. Lumbar drains were not used.

Surgical Technique
Patients were laid supine on the operating table. Early in the
series, patients were placed in a three-pin head holder
fixation for the purposes of neuronavigation registration,
while later, mask registration without rigid head fixation
was utilized (Stryker, Freiburg, Germany). A 0-degree endo-
scope was introduced into the right naris and inferior and
middle turbinates were outfractured and lateralized. Poster-
ior ethmoidectomies were performed to expose the anterior
face of the sphenoid sinus and a wide sphenoidotomy was
done. Care was taken not to injure the vascular pedicle to the
nasal septal flapwithinmucosa inferior to the natural ostium
of the sphenoid sinus. This was similarly performed through
the left naris with a slightly smaller sphenoidotomy from the
natural ostium to the nasal cavity roof to allow for passage of
the endoscope and visualization throughout the procedure.
The NSFwas harvested as described elsewhere previously on
the more spacious side and where the septum was straigh-
ter.13 Once the mucosa was elevated off the sphenoid ros-
trum, the rostrum and the intrasphenoid septations were
drilled down using a 2-mm diamond drill. In each case, the
cranial base osteotomies and dural opening were performed
to appropriately address the associated pathology. An intrao-
perativehigh-flowCSF leakwas created due to the openingof
the cisterns. The tumor was then resected.

For reconstruction, an autologous fascia lata graft was
harvested through a lateral thigh incision. After measuring
the skull base defect, a fascia lata “button graft” was then
created in a bilayer fashion by suturing an onlay and inlay
portion together, as previously described by Luginbuhl
et al.7 This graft was then placed within the dural defect
so that the inlay portion was placed intradurally and the
onlay portion was over the top of the dural opening. It was
adequately positioned in this bilayered “button” fashion
until no visible egress of CSF was observed. Then, the
autologous vascularized pedicled mucoperichondrial NSF
was rotated on its pedicle and used to cover the cranial base
defect (►Fig. 1). Surgicel (Johnson & Johnson, New Jersey,
United States) was used at the borders of the flap to prevent
flap migration, followed by DuraSeal (Medtronic, PLC,
Minneapolis, MN, United States), and absorbable packing
(Nasopore, Stryker, Kalamazoo, MI, United States) to
support the flap. Finally, silicone splints were placed along
the nasal septum.

Results

Patient characteristics: A total of 38 patients were studied, 34
adult and4pediatric.Among the adult patients, 27were female
and seven were male, while one of the pediatric patients was
female and three were male. All of the patients had high-flow
intraoperative CSF leak due to opening of the suprasellar
cisterns. Body mass index (BMI) of adult patients ranged
from 19.7 to 49 kg/m2 (median ¼ 31 kg/m2), with an average
BMI of 32.2 kg/m2 which is classified as obese. Eighteen
patients were obese (BMI > 30 kg/m2) and 12 patients
were overweight (25 kg/m2 < BMI < 29.9 kg/m2). Four of
the adult patients were of normal weight (18.5 kg/m2 < BMI
< 25 kg/m2). Also, 83% of the obese patients were female
(15/18), while only 17% were male (3/18). Adult patient ages
rangedfrom31to89years,with themedianageforadultsbeing
53yearsold and65% (22/34) ofpatients beingover 50years old.
The majority of the pediatric patients (three-fourths) were
adolescents from age 13 to 15 years, while one patient was
3 years old. The average BMI for the pediatric patients was
16.2 kg/m2, with two out of four patients being underweight
for their age group (BMI for age < 5th percentile), and two
patients within the normal weight range (BMI for age between
5th and 85th percentile). The average length of hospital stay
of all patients was 5.1 days, with most patients (66%)
being discharged from 0 to 5 days postoperative, and 34% of
patients requiring a stay from 7 to 12 days postoperative
(►Table 1).

Histopathological diagnoses: Postsurgical histopathologi-
cal diagnoses consisted of the following: 12 craniopharyn-
giomas, 10 meningiomas, five pituitary adenomas, two
arachnoid cysts, two Rathke’s cleft cysts, two CSF leaks due
to prior pituitary tumor resection at outside hospitals, one
spontaneous high-flow CSF leak, one astrocytoma, one gran-
ulomatous hypophysitis, one hypothalamic hamartoma, and
one case of metastatic adenocarcinoma from the lung. In 14
patients (37%), intraoperative opening of the third ventricle
and subsequent communication of the ventricular system
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with the cranial base defect was required to treat the under-
lying pathology (►Table 2).

Postoperative complications: Postoperative complications
occurred in 26% of patients (10/38), ranging from one major

complication of intra-axial brain abscess, to minor complica-
tions, such as electrolyte disturbances and postoperative
diabetes insipidus. One patient developed a postoperative
intra-axial brain abscess in an area of previous pial invasion

Table 1 Patient demographics

Total number of patients studied (n) 38

Mean age (y) 50.3

Male 10

Female 28

Underweight (BMI < 18.5 kg/m2) 2a

Normal weight (BMI < 25 kg/m2) 6b

Overweight (25 kg/m2 < BMI < 29.9 kg/m2) 12

Obese (BMI > 30 kg/m2) 18

Mean length of hospital stay (d) 5.1

Patients discharged 0–5 days postoperative 25

Patients discharged 6–17 days postoperative 13

Abbreviation: BMI, body mass index.
aPatients were pediatric.
bIncluded two pediatric patients.

Fig. 1 (A) Fascia lata button graft. Observe the outer layer is marked to facilitate the differentiation between the two layers during the endoscopic
placement of the graft. (B) The inlay graft is smaller than the onlay and both are sutured together in the center. (C andD) Intraoperative endoscopic picture
obtained with a 0-degree endoscope during resection of a craniopharyngioma. (C) Observe the onlay graft covering completely the defect and still bone
around it to allowbone contact to the nasoseptalflap. (D) Nasoseptalflap covering the entire defect and the facia lata graft. Note that theflap ismuch larger
than the graft which allows great contact to the bone.

Table 2 Histopathological diagnoses (n ¼ 38)

Craniopharyngiomas 12

Meningiomas 10

Pituitary adenomas 5

Arachnoid cyst 2

Rathke’s cleft cyst 2

CSF leak due to prior pituitary tumor
resection at outside hospital

2

Spontaneous CSF leak 1

Astrocytoma 1

Granulomatous hypophysitis 1

Hypothalamic hamartoma 1

Metastatic lung adenocarcinoma 1

Total 38

Abbreviation: CSF, cerebrospinal fluid.
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after themeningiomaresectionand required reoperation. This
patient had no CSF leak in thefirst postoperative period nor at
the time of the second operation, which was also performed
endonasally. The minor complications included five cases
of postoperative diabetes insipidus, one instance of hyperna-
tremia, two of hyponatremia, one incidence of postoperative
anosmia, and one case of supraventricular tachycardia. There
werenopostoperativeCSF leaks, ordevelopmentofmeningitis
in any of these patients (►Table 3).

Discussion

Extended endonasal endoscopic cranial base surgery has
proven highly effective and has reduced the occurrence of
complications after removal of parasellar tumors.2,14 How-
ever, postoperative CSF leak remains a concern after EEA
procedures. When considering management and prevention
of postoperative CSF leaks after endonasal surgery, it is
important to consider obesity. Elevated body mass index
(BMI) is known to be associated with high intracranial
pressure, and it is thought that this may lead to spontaneous
CSF rhinorrhea in obese patients.15,16 Given the rising rates
of obesity in the United States, it is of significant concern
whether this correlation could play a role in the incidence of
postoperative CSF leaks. Dlouhy et al found that elevated BMI
is likely to affect success of transsphenoidal surgery by
causing postoperative CSF leak, and recommended that
patients with high BMIs be closely monitored for this and
other complications.17 In our study, the vast majority of our
adult patients (30/34) were either overweight or obese, but
no patients had postoperative CSF leak. Despite this, we do
believe that this is an important consideration and if there is
any question as to the adequacy of a cranial base repair in an
obese patient, we always favor the most robust reconstruc-
tion possible.

Though the rise of EEA techniques has increased efficacy
of parasellar tumor resection and a decrease in postoperative
complications compared with the open approach, some
concerns remain.2 For example, postoperative CSF leak is
still a concern if reconstruction is inadequate due to opening
of the cisterns with or without opening of the third ventricle.

Many options have been utilized for reconstruction, such as
vascularized flaps, lumbar drains, free grafts, and absorbable
materials and glues.11,18,19 Each of these techniques has its
own benefits and risks regarding efficacy of reconstruction.
Avascular autologous grafts may lead to prolonged healing of
both the repair and the donor sites.18 The autologous vascu-
larizedmucoperichondrial NSF is regarded as one of themost
effective techniques for reconstruction of dural defects after
endoscopic cranial base surgery.1,13,20–24 NSF usage has led
to a decreased incidence of CSF leaks when compared with
autologous avascular grafts and lumbar drain insertions,
especially in high-flow CSF leak.21,23 Zanation et al observed
a postoperative CSF leak rate of 5.7% in a cohort of 70 patients
who received an NSF for reconstruction after intradural
lesion resection, but noted that other risk factors, such as
age of patients, size of dural defect, and whether or not the
patients received radiation therapy afterwards were corre-
lated in the incidence of postoperative CSF leak.25 Horridge
et al observed an incidence of 3% postoperative CSF leaks
with usage of the NSF when comparedwith 12.5%with other
grafts, and concluded that the use of the NSF alone decreased
morbidity and length of hospital stay.21Horiguchi et al had a
cohort of 32 patients (with 11 patients receiving fascia lata
graft and 21 patients receiving NSF with balloon catheter)
and found that CSF leaks occurred near twice more in
patients with only a fascia lata graft (3/11 patients) com-
pared with patients with only NSFs (2/21 patients).20

Another technique that has been utilized by some physi-
cians is the gasket-seal closure. This method of reconstruc-
tion uses autologous fascia lata held by a firm buttress
support to create a cranial defect closure that is impermeable
to water, and has shown considerable efficacy in preventing
postoperative CSF leak.26When Garcia-Navarro et al utilized
the gasket-seal reconstruction along with a vascularized NSF
in 46 patients, their postoperative CSF leak rate was 5%. One
of their patients required reconstructive surgery, while
another required a lumbar drain to control the CSF leak.27

Hu et al compared the use of a vascularized NSF þ lumbar
drain (18 patients) to the use of a combined technique
comprising of gasket seal þ NSF þ lumbar drain insertion
(15 patients). In the group with gasket seal þ NSF þ lumbar
drain, a 0% rate of postoperative CSF leak was observed
compared with 5% in the NSF þ lumbar drain group. They
concluded that the combined technique, as well as a lumbar
drain was optimal to decrease the rate of postoperative CSF
leak and other complications after EEA.28

There is some debate as to the role of perioperative lumbar
drainage in cases of high-flow intraoperative CSF leak. The
rationale behind this is that a drain should decompress
the cranial base reconstruction by diverting CSF away from
the repair site to allow for improved healing.10 However, the
useof lumbardrains isnot freeofcomplications. Potential risks
include infection and lumbar radiculitis. At worst, placement
of a lumbar drain could possibly lead to over drainage, occur-
rence of extra-axial hematomas, tension pneumocephalus, or
uncal herniation.12,29 To prevent such complications, it is vital
to train nursing staff to manage lumbar drains appropriately.
Patients with lumbar drains are thus more likely have an

Table 3 Postoperative complications in 38 patients studied

Major

Intraaxial brain abscess 1

Minor

Diabetes insipidus 5

Hypernatremia 1

Hyponatremia 2

Anosmia 1

Supraventricular tachycardia 1

CSF Leak 0

Total number of postoperative complications 10

Abbreviation: CSF, cerebrospinal fluid.
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increased length of inpatient stay. Some studies have shown
that the risk of lumbar drain related complications may be
greater than the occurrence of postoperative CSF leak.9,12

Because of such risks, we do not utilize lumbar drains in our
protocol forcranialbase reconstruction, andwehavenot found
their omission to increase our postoperative CSF leak rate.

The fascia lata “button” graft was first described by
Luginbuhl et al in 2010 and has proven to be a versatile
technique for decreasing postoperative CSF leak after EEA7.
As described in the methods section, this technique consists
of harvesting a graft of autologous fascia lata with an
incision on the patient’s lateral thigh, and then using this
graft to create a bilayer “button” with an inlay and onlay
portion sutured together and placed over the dural opening.
This technique has been highly successful in preventing
postoperative CSF leak.7 In our series of 38 consecutive
patients treated with the combination of both NSF, as well
as a fascia lata “button” graft for intraoperative high-flow
CSF leak, no postoperative CSF leak was observed despite
treating an obese population without using perioperative
lumbar drains.

Conclusion

Our data suggest that a NSF along with a button graft derived
from fascia lata is a highly effective reconstruction for high-
flow CSF leaks after extended endoscopic endonasal surgery
to remove parasellar lesions. This technique leads tominimal
postoperative CSF leak in patients regardless of patient BMI
and eliminates the need for perioperative lumbar drain
insertion.
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