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Abstract Skull base defects following endonasal surgery
for pituitary macroadenoma need to be addressed during
the surgery to prevent serious postoperative complications
like cerebrospinal fluid (CSF) leak. The objective of this
study is to assess the incidence of CSF leak following
pituitary surgery and the methods of effective skull base
repair. This is a retrospective observational study con-
ducted in a tertiary care hospital after obtaining due
clearance from the Institutional ethics committee. The
charts of patients who underwent endonasal pituitary sur-
gery between 2013 and 2018 were studied and details
noted. Patients undergoing revision surgery or with history
of preoperative radiotherapy were excluded from the study.
52 patients were included in the study. Based on the type
of CSF leak, the patients were grouped into four. 19
patients (36.5%) had an intraoperative CSF leak. 3 patients
developed a postoperative CSF leak. Based on the
histopathology, 4 patients had ACTH secreting tumor. 8
patients had growth hormone secreting tumor, 22 had
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gonadotropin secreting tumor, 9 patients had a non-func-
tioning tumour and 9 patients had prolactinoma. The type
of skull base repair performed in these patients were
grouped into 4.18 patients underwent type I repair, 21
patients underwent type II repair, 8 patients underwent type
III repair and S patients underwent type IV repair. We have
observed that the pedicled nasoseptal flap is particularly
advantageous over other repair techniques, especially in
low pressure leaks. The strategy for skull base repair
should be tailored to suit each patient to minimise the
occurrence of morbidity and the duration of hospital stay.

Keywords Pituitary adenoma - Duragen - Surgicel -
CSF leak - Nasoseptal flap - Fibrin glue

Introduction

The endonasal trans-sphenoidal route of excision of pitu-
itary macroadenoma is considered a safe and effective
procedure. The post-operative complications associated
with this surgery includes Cerebrospinal fluid (CSF) fistula,
meningitis, pneumocephalus and subdural hematoma [1].
The most common complication is however CSF fistula
[2]. Tt is absolutely necessary to repair the skullbase fol-
lowing excision of a pituitary adenoma to avoid a CSF leak
and the repair strategy needs to be individualised to each
patient [3]. This study analysed the incidence of CSF leak
and methods of surgical repair of skull base defects fol-
lowing pituitary adenoma excision done by the endonasal
trans-sphenoidal route.
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Method

This is a retrospective chart study conducted in a tertiary
care hospital. Patients who underwent trans-sphenoidal
excision of pituitary adenomas were included in the study.
Clearance from Institutional ethics committee was
obtained. Medical records of patients who had undergone
either a complete endoscopic or a combined endoscopic
and microscopic approach of trans-sphenoidal excision
between the period of 2013-2018 was analysed. Adjunct
use of operating microscope in addition to nasal endo-
scopes was based on the preference of the neurosurgeon.
The age, sex and surgical details were noted. The operative
notes were studied for the incidence of CSF leak, size of
CSF leak and the surgical strategy used for repairing the
skullbase defect. The postoperative notes were studied for
the incidence of postoperative infection and postoperative
CSF leak. The type of tumor in each case following
histopathological examination and immunohistochemistry
was recorded. Patients undergoing revision surgeries and
patients with history of previous radiation therapy were
excluded from the study group.

The entire surgical procedure was done as a combined
procedure by an ENT surgeon and a neurosurgeon. While
the ENT surgeon gave access to the tumour by the endo-
nasal route using a rigid 4 mm wide-angled nasal endo-
scope, the neurosurgeon excised the tumour under the
vision of the endoscope and/or operating microscope.

In cases where a large skull base defect was expected, a
pedicled nasoseptal flap [4] was harvested upfront and
secured safely in the nasopharynx for the duration of the
surgery. In 4 patients, where the expected size of skull base
defect could not be assessed preoperatively, a nasoseptal
rescue flap was harvested [5].

Intraoperatively, following surgical excision, an exam-
ination for identification of CSF leak was carried out with
the anaesthetist performing a Valsalva manoeuvre on the
patient.

Based on the size of CSF leak, the patients were grouped
into 4 [6].

Type I: No intraoperative cerebrospinal fluid leak
observed

Type II: Minor leak. No significant diaphragmatic
openings

Type III: Moderate/severe persistent leak. Unexpected
opening of the arachnoid of diaphragma sellae

Type IV: Large skull base exposure or high-flow leak
predicted to occur as part of planned expanded approach or
tumor larger than 3 cm.

Based on the materials used for skullbase repair, as
noted from the operative notes, the patients were grouped
into as follows.

Type I: Surgicel

Type II: Surgicel + Nasoseptal flap £ Fibrin glue

Type II:  Surgicel + Abdominal  Fat 4 Fascia
lata & Fibrin glue (Figs. 1, 2)

Type IV: Duragen + Nasoseptal flap £ Fibrin glue (-
Figs. 3, 4)

Following the surgery, the nasal cavities were packed
with polyvinyl acetal sponge (Ivalon). The nasal pack was
removed on 2nd postoperative day.

Results

52 patients were included in the study. The age ranged
from 23 to 73 with a mean age of 49.25. The study group
had 26 men and 26 women.

22 of them underwent pituitary adenoma excision by
trans-sphenoidal route with the use of an endoscope and a
microscope. 30 of them underwent excision by transnasal
endoscopic technique only.

19 of the 52 patients had an intraoperative CSF leak
(36.5%). 5 of them underwent endoscopic assisted micro-
scopic excision. 14 of them underwent endoscopic
excision.

3 (5.8%) of these patients had postoperative CSF leak
which was managed conservatively and resolved in
8-12 days.

10 patients had a type II leak. 7 patients had type III
leak.

2 patients had type IV leak (Table 1).

Based on the histopathology, 4 patients had ACTH
secreting tumor. 8 patients had growth hormone secreting
tumor, 22 had gonadotropin secreting tumor, 9 patients had
a non-functioning tumour and 9 patients had prolactinoma
(Fig. 5).

Fig. 1 Plugging the skull base defect with abdominal fat
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Nasal septum

Lateral wall of nose

Fig. 4 Application of Duragen to repair skull base defect
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Table 1 Type of CSF leak and the respective repair done in each
group

Type of leak Number of Type of repair Number of
patients patients
I 33 I 18
I 15
1I 10 I 6
11 3
v 1
111 7 I 5
v 2
v 2 v 2
Tumor type

B Prolactinoma
B Gonadotropin
Wl ACTH

HGH

H Non-functioning

Fig. 5 Incidence of various types of pituitary adenoma
Discussion

The incidence of intraoperative CSF leak is 36.5% in our
study. This is comparable to other studies and falls within
the range of 18.1-53.2% as quoted by Shiley et al. [7].

Intraoperative CSF Leak

14 patients who underwent endoscopic transsphenoidal
excision of pituitary adenoma developed intraoperative
CSF leak (46.6%). The frequency of intraoperative CSF
leak in patients undergoing combined microscopic and
endoscopic excision was 22.7%. This is in contrast to the
meta-analysis by Yu et al. [8] which noted that the inci-
dence of intraoperative CSF leak was lesser in patients
undergoing endoscopic excision. However there was no
statistical difference in the incidence of CSF leak in
patients undergoing endoscopic and microscopic excision
of pituitary adenoma. In our study, Chi Square test was
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applied and there was no statistical significance between
the incidence of intraoperative CSF leak between both the
surgeries (p = 0.077).

CSF Leak Repair And Postoperative CSF Leak

Based on the above mentioned classification, we found that
18 of the 33 patients with no intraoperative CSF leak had
undergone type I repair. 15 patients had undergone type 11
repair in spite of no intraoperative leak. A nasoseptal res-
cue flap [5] had been harvested in two of these patients.
Zhang et al. [3] observed that 53.8% patients developed
postoperative leak without showing intraoperative CSF
leak. In our study, we found that patients who did not
exhibit intraoperative CSF leak did not develop a postop-
erative leak also. This is in contrast to a significant 2% of
patients undergoing type II repair developing postoperative
leak in a study conducted by Dehdashti et al. [6]. One
important difference in the method of type II repair
between the two studies is the additional use of a
nasoseptal flap in our study. This is found to significantly
decrease the incidence of a postoperative CSF leak.

6 patients with type II CSF leak underwent a type II
repair. Fibrin glue was used in all 6 of them. Fibrin glue
helps in holding the graft together and enhances the
strength of the repair. 3 patients with type II leak had
undergone a type III repair. 2 of these patients had
undergone a combined microscopic and endoscopic
approach, 1 of them developed a postoperative leak. 1
patient underwent an endoscopic excision and this patient
developed a postoperative CSF leak. 1 patient with a type
II leak was expected to have a high pressure leak postop-
eratively and hence underwent a type IV repair with
duragen and pedicled nasoseptal flap.

5 of the 7 patients with type III CSF leak underwent type
IIT repair. One of them developed a postoperative leak.
This patient had undergone a combined endoscopic and
microscopic approach to pituitary adenoma.

In our study, we have observed that the three patients
who developed a postoperative leak had undergone a type
IIT repair. The type III leak repair involved the use of
surgicel, fat, fascia lata with or without fibrin glue. None of
our patients undergoing a type II or type IV repair devel-
oped a postoperative leak.

We note that the use of a pedicled nasoseptal flap (as in
our type II or type IV repair) decreases the chances of a
postoperative CSF leak. It also avoids the need for an
additional incision and postoperative wound care as in
harvesting a abdominal fat or a fascia lata graft. Recon-
struction with a nasoseptal flap is rapid and effective. It is
readily available and does not interfere with the imaging
done to detect recurrence [9].

Patients who developed a postoperative CSF leak were
managed conservatively with strict bed rest, diuretics and
laxatives to avoid straining.

The use of a lumbar drain for CSF leak in pituitary
adenomas has been described in literature, however none of
the patients included in our study needed a lumbar drain
following the surgery. A low flow CSF leak does not need a
lumbar drain following pituitary adenoma surgery, irre-
spective of the size of the skull base defect [10].

Tumour Type and Skull Base Defect

Gonadotropin secreting tumour was the most common type
observed in our study. 2 of the 22 patients developed a
postoperative leak. 1 out of the 9 patients with prolacti-
noma developed a postoperative CSF leak. In the study by
Tamasauskas et al. [2], the most common tumor type was a
non-functioning adenoma. Intraoperative CSF leak occur-
red more frequently in Growth hormone secreting tumours
in their study. But, intraoperative leak was most common
in gonadotropin secreting tumors in our study. However,
there is no statistically significant difference between the
incidences of CSF leak in various tumour types.

Conclusion

We have observed that transsphenoidal microsurgery does
not give a significant advantage over transsphenoidal
endoscopic surgery. The advantages of endoscopic exci-
sion includes better visualisation, better tumor resection
and the lack of need for the use of a nasal speculum [3]. It
has an advantage over the microscope in the detection of
small CSF leaks.

Use of a pedicled nasoseptal flap is helpful in managing
CSF leaks in the perioperative period. In low pressure
leaks, the use of a nasoseptal flap alone is adequate in
management instead of a multilayer closure that has been
described in literature thus far. Surgical reconstruction
protocols of skull base defects have been described in
previous studies. However, the extent of repair and the
material used for repair varies based on the size of the
defect and surgeon’s preference. We emphasize the need
for a skull base repair strategy tailored to each patient to
mitigate and minimise associated morbidity and reduction
in hospital day.
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