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INTRODUCTION

One of the most frequent complications after endoscopic endonasal approach (EEA)
for resection of pituitary tumors is cerebrospinal fluid (CSF) leaks. With the introduction of the pedicled
nasoseptal flap, the reconstruction of the skull base has improved significantly resulting in a decrease
in the occurrence of persistent CSF leaks. We present our experience utilizing the pedicled nasoseptal
flap technique after EEA for reconstruction of the skull base in cases where CSF leak was detected.

IETEEE  Data for patients undergoing EEA for pituitary tumors was retrospectively reviewed.
These included demographic, clinical, operative, radiographic, and pathological information. Incidence
of post-operative complications and CSF leaks were recorded. Descriptive statistical analysis was per-
formed.

TS Between 2008 and 2015, 67 patients and 69 hospital admissions with pituitary tumors
underwent a nasoseptal flap to reconstruct a skull base defect at Johns Hopkins Hospital. The mean
age at surgery was 54.5+14.2 years. Fifty-two percent of patients were male. Forty-six percent of pa-
tients were white, 33% African-American, and 12% belonged to other racial groups. There was an intra-
operative CSF leak in 39% of patients. Seventy percent of patients with an intraoperative CSF leak had
a nasoseptal flap reconstruction of the skull base. There were zero postoperative CSF leaks.

With the introduction of the pedicled nasoseptal flap for reconstruction of the skull
base after EEA for resection of pituitary adenomas, the incidence of postoperative CSF leaks has de-
creased significantly. In this retrospective analysis, we demonstrate the effectiveness of the use of na-
soseptal flap in repairing CSF leak after EEA.
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nique for the removal of sellar and parasellar lesions. It has
been introduced over the last twenty years as an alternative to

Pituitary tumors constitute 10-15% of all primary intracra-
nial neoplasms. Among sellar lesions, pituitary adenomas are
the most frequent finding [1]. Surgical intervention is the
first-line treatment for most patients with pituitary adenomas,
with the exception of prolactinomas, in which dopamine ago-
nists remain the best treatment option [2]. The endoscopic en-
donasal approach (EEA) is a minimally invasive surgical tech-
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the traditional microscopic surgery [3]. EEA imparts superior
exposure of the sella and the advantages include a wide pan-
oramic view and enhanced visualization of relevant anatomi-
cal structures [4].

While the endoscopic approach has demonstrated a notable
decrease in overall complication rate, the need for large dural
openings and arachnoid can result in large skull base defects
with moderate to high flow cerebrospinal fluid (CSF) leaks [5-
7]. As a consequence of suprasellar extension distending the
diaphragma sellae, postoperative CSF rhinorrhea is more com-
mon with resection of macroadenomas than microadenomas
[8]. Complications involving CSF leakage can result in bacte-
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rial meningitis, pneumocephalus, and intracranial hypoten-
sion, and also increase hospital cost and length of stay [9].

It is recognized that success of the reconstruction method
following dissection is a principal determinant of postopera-
tive CSF leak incidence [10]. The introduction of pedicled,
vascularized skull base repair, also known as the nasoseptal
flap, is now widely used due to its versatility and capability of
covering an area averaging 17.12 cm’ as determined by radio-
graphic and anatomical studies [11]. In addition, it has dra-
matically decreased the incidence of postoperative CSF leaks
following EEA, from more than 20% to less than 5%. This level
is approximate to that of open cranial base surgery [12-14].

In this study, we sought to investigate our institutional ex-
perience using pedicled nasoseptal flaps for reconstruction of
the skull base after EEA where an intraoperative CSF leak was
identified during resection of a pituitary tumor. We focused
the study on postoperative complications, emphasized on ap-
proach-related factors related to these complications, and com-
pared our experience with reports in the literature.

MATERIALS AND METHODS

Patient population

Under an IRB approved protocol (IRB #00092610), medi-
cal records of patients with a diagnosis of pituitary macroade-
noma or microadenoma that subsequently underwent EEA
resection were retrospectively reviewed from 2008 to 2015 at
Johns Hopkins Hospital. The review included demographic,
clinical, operative, radiographic, and pathological information.

Collected data

The following baseline admission data were collected: age,
gender, race, common comorbidities, symptoms and signs at
presentation, symptom duration (months), Karnofsky Perfor-
mance Status (KPS) score, and follow-up time (months). These
comorbidities included hypertension, diabetes mellitus, obesi-
ty, coronary artery bypass grafts/stents, sleep apnea, and coro-
nary artery disease. Data collected on symptoms and signs in-
cluded presence of headache, decreased vision, diplopia, gait
and/or balance problems, nausea and/or vomiting, Cushing’s
syndrome, and cranial nerve deficits.

Preoperative and post-operative laboratory results were
collected, consisting of serum prolactin, serum adrenocorti-
cotropic hormone (ACTH), serum thyroid-stimulating hor-
mone (TSH), serum free thyroxine 4 (T4), serum growth hor-
mone, and serum cortisol levels. The timing between pre- and
post-operative laboratory sample testing at our institution is
between 24-48 hours. All aforementioned data was collected
for each admission, if available. Number of admissions (n) is
used to designate the total number of admissions with the data
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point in question used to calculate overall percentages. The
closest available laboratory values to the date prior to surgery
and following surgery were used as pre- and postoperative
values. Radiologic data obtained included the largest dimen-
sion for each macroadenoma or microadenoma, as measured
by MRI prior to surgery. In this study, microadenomas were
defined as tumors measuring 10 mm or less, and macroade-
nomas as those exceeding 10 mm.

The primary outcome measure was the incidence of a post-
operative CSF leak following surgery with use of a nasoseptal
flap for skull base reconstruction. The incidence of intraoper-
ative CSF leaks and post-operatively acquired diabetes insipi-
dus was also recorded. At Johns Hopkins, there is a tertiary
care referral practice for pituitary tumors which encompasses
many difficult-to-resect tumors referred by other neurosur-
geons (suprasellar extension, tumors adherent to the arach-
noid, revision cases, and secreting tumors), which generally can
result in higher CSF leak rates compared to published rates. All
CSF leaks were reported, including pinpoint or extremely low
flow leaks. Our institution does not have a specific grading
system other than using pinpoint/low flow, moderate flow, or
high flow (opening a cistern or ventricle).

RESULTS

Patient characteristics
A total of 67 patients (69 hospital admissions) diagnosed

Table 1. Study population and associated demographics

. . Total number of admissions
Demographic characteristic

(x=69)

Date range of admission 2008-2015
Age (yr)

Mean 54.5t14.2

Median 54.6
Sex

Female 33 (48)

Male 36 (52)
Race

African descent 23 (33)

Asian 6(9)

Caucasian 32 (46)

Other 8(12)
Follow-up time (mo.) n*=68

Mean 9.7+14.9

Median 5.0

Data are expressed as number (percentage) of admissions present-
ing with each variable or mean£SD. Percentages have been round-
ed and may not add up to 100. *n indicates the number of admis-
sions with available data. If no # is specified, all admissions were
included.
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with pituitary adenomas undergoing EEA surgical resection
were identified (Table 1). The average age at time of surgery
was 54.5 years (range 14-91), and the sex distribution was
evenly distributed with 52% male and 48% female. There was
a heterogeneous racial makeup patients, with 46% Caucasian,
33% of African descent, 9% Asian, and 12% belonging to oth-
er racial groups.

The most common comorbidity at presentation was hyper-
tension, with 43% of patients, followed by sleep apnea (9%),
diabetes mellitus (7%), and obesity (7%). 52% of patients pre-
sented with headache as a symptom, and 58% had a docu-
mented visual field deficit as determined by physical examina-
tion. The median symptom duration was six months, and the
median KPS score was 90 (Table 2).

The majority (97%) of patients had a macroadenoma with
a mean largest dimension of 2.6 cm (Table 3). Of all patients
who underwent surgical resection, 28% had a nasoseptal flap,
18% had fat grafts and packing of the sella, 10% had a lumbar

Table 2. Clinical presentations of pituitary adenoma patients

Number of patients

X (%)

Common comorbidities, #n*=68

Hypertension 29 (43)

Sleep apnea 6(9)

Diabetes mellitus 5(7)

Obesity 5(7)

CABG/Stents 2(3)

CAD, n=67 3(4)
Headache, n=67 35(52)
Visual field deficit (sign), n=62 36 (58)
Decreased vision (symptom), n=67 29 (43)
Narrowed visual fields (symptom), n=67 15 (22)
Gait/balance (symptom), n=67 9(13)
Diplopia, n=67 8(12)
Symptoms of Cushing’s, n=67 3(4)
Cranial nerve III deficit, n=66 3(5)
Cranial nerve VI deficit 2(3)
Nausea/vomiting, n=67 2(3)
KPS score

Mean 89.11t4.1

Median 90
Symptom duration (mo.), n=55

Mean 15.8+32.0

Median 6.0

drain, and 4% had a free mucosal graft from the middle turbi-
nate. Of those with nasoseptal flaps, 2% had accompanying
fat grafts/packing, and none had a lumbar drain.

With reference to laboratory values, there was a remarkable
mean decrease in prolactin levels preoperatively and postop-
eratively (94.8 pg/L vs. 72.2 ug/L). There was also a decrease
in TSH levels, from 2.3 ng/dL to 1.7 ng/dL and in free T4 lev-
els (2.0 ng/dL to 1.1 ng/dL). In contrast, there was a marked
mean increase in ACTH (18.7 pg/mL vs. 103 pg/mL) and in
cortisol levels (11.5 ug/dL vs. 31.8 ug/dL). The level of post-
operative cortisol and ACTH were much higher than preop-
erative status. This increase may be correlated to the periopera-
tive use of steroids, as well as the fact that hormones are highly
susceptible to changes based on time of day in which labs are
drawn.

Patient outcomes and complications
There were zero postoperative CSF leaks. Twenty-two per-
cent of patients had a postoperative complication of diabetes

Table 3. Pituitary adenoma radiological, surgical, and laboratory
results

Number of patients

% (%)
Macroadenoma 67 (97)
Largest dimension, mean (cm) 2.6%0.8
Microadenoma 2(3)
Largest dimension, mean (cm) 0.0610.02
Nasoseptal flap, n*=68 19 (28)
Fat graft 0(0)
Lumbar drain 0(0)
Fat graft, n*=68 12 (18)
Lumbar drain, n*=68 7 (10)
Free flap, n*=68 3(4)
Pre-op Labs (mean)
Prolactin (ug/L), n=53 94.8+226.0
ACTH (pg/mL), n=15 18.749.1
TSH (ng/dL), n=51 2.3+1.9
Free T4 (ng/dL), n=54 2.0+5.6
Cortisol (pg/dL), n=51 11.518.4
Post-op Labs (mean)
Prolactin (ug/L), n=32 72.2%243.5
ACTH (pg/mL), n=7 103.0+112.2
TSH (ng/dL), n=41 1.7+17
Free T4 (ng/dL), n=55 1.1+0.2
Cortisol (pg/dL), n=64 31.8445.7

Data are expressed as number (percentage) of admissions present-
ing with each variable or mean=SD. Percentages have been round-
ed and may not add up to 100. *» indicates the number of admis-
sions with available data. If no » is specified, all admissions were
included. CABG, coronary artery bypass grafting; CAD, coronary
artery disease; KPS, Karnofsky Performance Status
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Data are expressed as number (percentage) of admissions present-
ing with each variable or meantSD. Percentages have been rounded
and may not add up to 100. *x indicates the number of admissions
with available data. If no # is specified, all admissions were included.
ACTH, adrenocorticotropic hormone; TSH, thyroid-stimulating
hormone; T4, thyroxine 4



insipidus (Table 4). The mean follow-up time was nine months.
A review of the existing literature is summarized in Table 5.

Table 4. Perioperative and postoperative complications

o Number of patients
Complication
X (%)*
Intraoperative CSF leak, #n'=69 27 (39)
Nasoseptal flap, n'=27 19 (70)
Postoperative CSF leak, n=69 0(0)
Diabetes insipidus, n=37 8(22)

*Unless otherwise noted, data are expressed as number (percent-
age) of admissions presenting with each variable. Percentages have
been rounded and may not add up to 100, " indicates the number
of admissions with available data. If no # is specified, all admissions
were included. CSE cerebrospinal fluid

Table 5. Summary of the literature
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DISCUSSION

The introduction of EEA for tumor resection has dramati-
cally transformed the surgical treatment of complex pituitary
pathologies. As a result, skull base tumors necessitating exten-
sive resection with resultant dural defects led to the develop-
ment of more robust repair techniques, including free vascu-
lar grafts, free synthetic non-cellular grafts, and vascularized
pedicled nasoseptal flaps [11]. Regardless of the reconstructive
technique applied, reviews indicate that postoperative CSF leak
hovers at approximately 8.5% [15]. When the data are stratified
for defect location, defect size, and degree of intraoperative
CSF leak, the evidence demonstrates that vascularized recon-
struction is super to avascular techniques. In a vast systematic
review, Harvey et al. [16] analyzed 38 studies with 609 pa-

Author/year Article type Title Main points
Van Zele and Review Endoscopic skull base reconstruction after Nasoseptal flaps have significantly reduced
Bachert endoscopic endonasal approach morbidity and postoperative risk of CSF leaks
2011 [28] after EEA.
Eloy et al. Retrospective  Salvage endoscopic nasoseptal flap repair of Persistent CSF rhinorrhea can be safely repaired
2012 [29] review persistent cerebrospinal fluid leak after open using nasoseptal flap in previous open skull base
skull base surgery surgical patients.
Learned et al. Retrospective MR imaging evaluation of endoscopic cranial Non-enhancing mucosal gap or displacement of
2013 [32] review base reconstruction with pedicled nasoseptal nasoseptal flap may indicate incomplete defect
flap following endoscopic endonasal skull base  coverage, identifying patients at risk for CSF
surgery leak.
Husain et al. Retrospective  Assessment of mucocele formation after Nasoseptal flaps are efficient for skull base repairs.
2013 [30] review endoscopic nasoseptal flap reconstruction of Although they carry risk of mucocele formation,

skull base defects

removal of mucosa from flap placement site
resulted in a 0% incidence of postoperative
mucocele formation in this cohort.

Double flap skull base reconstruction provides
barrier of vascularized tissue to prevent CSF
leaks; this technique is viable if endoscopic
resection with anticipated postoperative
radiation.

Larger skull base defects with high intraoperative
CSF flow require thoughtful approach and

used for surgical skull base defects in the setting  consideration for vascularized repair.

Graded cranial base repair method using the

Eloy et al. Case series Double flap technique for reconstruction of
2013 [33] anterior skull base defects after craniofacial
tumor resection: technical note
Thorp et al. Retrospective  Endoscopic skull base reconstruction: a review
2014 [11] review and clinical case series of 152 vascularized flaps
of intraoperative cerebrospinal fluid leak
Hara et al. Retrospective  Cranial base repair using suturing technique
2015 [34] review

combined with a mucosal flap for cerebrospinal ~ dural suturing technique is simple and reliable.

fluid leakage during endoscopic endonasal

surgery
Abou-Al-Shaar
etal. 2017 [31]

Case report

Bolstering the nasoseptal flap using sphenoid
sinus fat packing: a technical case report

Sphenoid sinus fat packing may be important
technical adjunct in bolstering the nasoseptal
flap against the ventral skull base in
perioperative period.

CSE cerebrospinal fluid; EEA, endoscopic endonasal approach
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tients with large dural defects, in which approximately half
underwent vascularized reconstruction and the other half un-
derwent free graft reconstruction. This resulted in a statistically
significant difference in CSF leak rate (6.7% vs. 15.6% respec-
tively).

Nasoseptal flaps offer notable flexibility to the surgeon in
skull base repair, and their potential to overlay such a signifi-
cant area has led to its widely accepted use. It has been noted
that in patients who experienced high intraoperative CSF flow,
postoperative CSF leak rates remain at 5.7% with the use of a
nasoseptal flap [17]. In addition, Thorp et al. [11] noted a 3.3%
perioperative CSF leak rate and zero postoperative CSF leak
rate among 152 vascularized flaps used for surgical skull base
defects.

CSF fluid leakage can be categorized into low-flow type and
high-flow type. Luginbuhl et al. [18] first described the term of
“high-flow” leakage, which referred to regular CSF flow out
intraoperatively due to a cisternal or ventricular opening de-
fect. Low-flow CSF leaks have been previously defined as sole-
ly a few drops in the context of transitory increased intracra-
nial pressure, such as coughing, standing up, or straining. The
majority of CSF leakage following endoscopic sellar region sur-
gery is low flow [19]. Lumbar drains are often applied intraop-
eratively, postoperatively, and on occasion even preoperatively
to control or prevent CSF leaks, yet their placement remains
controversial [20-22].

Our analysis of 69 hospital admissions revealed that the use
of a nasoseptal flap for skull base reconstruction in EEA sur-
gical resection for pituitary adenomas is effective at fixing in-
traoperative CSF leaks in the absence of a lumbar drain. Our
results demonstrating no incidence of postoperative CSF leak-
age following use of a nasoseptal flap are also consistent with
the existing neurosurgical literature. For patients who under-
went an alternative form of repair, to include sphenoid fat
packing and/or a lumbar drain, there were similarly no post-
operative CSF leaks. This practice is well-documented and also
in keeping with the literature on this topic [23-25]. Fat grafts
are generally not preferable to use in circumstances of intra-
operative CSF leaks, as they can cause difficulty at re-operation,
are challenging to follow-up via MRI, and can result in hydro-
cephalus in high flow leaks [26,27].

Van Zele and Bachert [28] conducted a review of nasosep-
tal flap use for skull base reconstruction and determined that
they are responsible for a significant reduction in risk and
morbidity of postoperative CSF leaks following EEA. Eloy et
al. [29] found that the integration of a vascularized pedicled
nasoseptal flap to prevent persistent CSF rhinorrhea in pa-
tients who have undergone past open skull base surgery has the
benefit of avoiding revision craniotomy whilst providing
healthy tissue to reconstruct the skull base.
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One concern during repair with a nasoseptal flap is that it
may carry an innate risk of mucocele formation when depos-
ited over mucosalized bone, and such it is important to metic-
ulously remove all sellar and sphenoid mucosa before laying
down a flap. However, Husain et al. [30] ascertained that stra-
tegic and diligent removal of the mucosa for the flap placement
site produced a 0% incidence of postoperative mucocele for-
mation in their cohort of 70 patients, and a 2.9% postopera-
tive CSF leak rate. Furthermore, Abou-Al-Shaar et al. [31] re-
ported on the use of sphenoid sinus fat packing during skull
base reconstruction as a support to the nasoseptal flap. They
determined that it may serve as a significant technical addition
to sustain the nasoseptal flap against the ventral skull base
during the early perioperative period.

In addition, Learned et al. [32] determined that EEA skull
base reconstruction that employs a nasoseptal flap has a char-
acteristic MRI appearance. Identifying patient at risk for CSF
leaks can be accomplished via MR, as a non-enhancing mu-
cosal gap or displacement of the nasoseptal flap may indicate
incomplete defect coverage [32].

In conclusion, the implementation of the pedicled nasosep-
tal flap for skull base reconstruction after EEA for resection of
pituitary adenomas has resulted in a significant decrease in
the incidence of postoperative CSF rhinorrhea. In this retro-
spective analysis, we present our institutional experience uti-
lizing the nasoseptal flap and describe its effectiveness in pre-
venting CSF leaks after EEA.
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