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Abstract Background: Cerebrospinal fluid leakage after transsphenoidal surgery represents a serious
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problem. Various methods to prevent postoperative CSF leakage are available, but immediate and

tight dural closure is still difficult. The efficacy of a novel sellar repair was described.

Methods: The sellar repair using absorbable PGA sheet and fibrin glue was applied to 18

consecutive patients with sellar tumors that include 13 pituitary adenomas, 2 craniopharyngiomas,

2 Rathke’s cleft cysts, and 1 meningioma within 135 patients who were treated with endoscopic

endonasal transsphenoidal approach. The reaction speed and strength between PGA sheets and fibrin

glue were examined in vitro.

Results: Polyglactin acid sheets were adhered to the rabbit skin with fibrin glue within 3 minutes and

withstood a pressure of more than 220 mm Hg. Postoperative CSF leakage of the patients was not

observed in any patients, and excellent adhesion of the PGA sheets to surrounding mucosa was

estimated by endoscopic observation after the surgery.

Conclusions: Repair of the sellar floor with PGA sheet and fibrin glue is a safe and effective method

to prevent postoperative CSF leakage, which decreases the necessity for lumbar drainage after the

operation.
D 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Recent advances in ETSS increase the surgical results for

treatment of the large pituitary adenomas, craniopharyngio-

mas, meningiomas, and other parasellar tumors [4,5,9]. As

the tumor is removed more aggressively, the frequency of

intraoperative CSF leak becomes higher. Autologous

materials, for example, fat, fascia, and muscle grafts

[7,20,21], have been used to avoid the most common

postoperative complication, CSF leakage. Heterologous and

synthetic materials such as alumina ceramic [12], titanium

[1], stainless steel [6], silicone [10,15], and resorbable
F, cerebrospinal fluid; ETSS, endoscopic endonasal

ry; PGA, polyglactin acid.
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materials [11,17] have also been used to repair the sellar

floor. Although these materials can prevent postoperative

CSF leaks, their slow adhesion to surrounding tissue leads

many surgeons to use postoperative lumber CSF drainage to

confirm sealing of the sellar floor, especially in patients with

large CSF leakage that necessitates prolonged confinement.

Polyglactin acid sheet is recombinant membrane devel-

oped in Japan (Gunze Corp, Kyoto, Japan); it is absorbable,

easily shaped, and rapidly reacts with fibrin glue. Poly-

glactin acid sheets have been used successfully in lung [16]

and spinal surgery [8,18]. We applied these sheets and

fibrin glue to repair the sellar floor in patients treated by

ETSS. Here we report our surgical experiences and

endoscopic follow-up results in 18 consecutive patients

and compared the efficacy to previous fibrin glue and

mucosal patch method.
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Fig. 1. A: The photograph of in vitro experiment set. The skin of rabbit was

covered to the top of cup, and the reverse side was made into the front side.

A manometer (arrow) and syringe were attached to the cup. A hole was

made in the skin and covered with PGA sheet with fibrin glue. B:

Photograph shows the bearing of the attached membrane (arrowhead) at the

pressure of 92 mm Hg at 3 minutes after spray. C: Relation between reaction

time and sustainable pressure. After attaching the PGA sheet to rabbit skin,

fibrin glue was applied separately with a syringe (closed squares) or

simultaneously by spraying (closed circles). At the indicated time points,

monitored air pressure was applied to the cup and the pressure at which the

seal burst was recorded. Values are expressed as the average of at least 3

experiments performed at each time point with standard deviations.
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2. Clinical materials and methods

2.1. Patients

Between December 2001 and November 2005, we

performed ETSS to treat 135 patients with pituitary

adenomas or other sellar lesions. During removal of the

lesion, 56 patients manifested various degree of CSF

leakage requiring sellar repair. In 38 patients treated before

the introduction of PGA sheets, the sellar floor was repaired

with mucosal patches in a pediculate fashion. In patients

with a large arachnoidal defect, we introduced autologous

abdominal fat into the sellar cavity and placed a lumbar CSF

drainage for 3 to 5 days. The 18 most recently treated

patients, aged between 24 and 74 years (average, 50.3

years), underwent sellar floor repair with PGA sheets and

fibrin glue. The diagnosis was craniopharyngioma in 2,

Rathke’s cleft cyst in 2, meningioma in 1, and pituitary

adenoma, including 7 functioning adenomas, in 13 patients.

Cerebrospinal fluid leakage was identified as oozing in 6,

spilling in 9, and spouting in 3 of these 18 patients.

2.2. In vitro examination of the PGA sheets

The reaction between PGA sheets (Neoveil; Gunze Corp,

Kyoto, Japan) and fibrin glue (Bolheal; Chemo-Sero-

Therapeutic Research Institute, Kumamoto, Japan) was

examined in vitro using the method of Terasaka et al [19]

to investigate the strength of the membrane and reactive

speed. The top of a plastic cup was covered with rabbit skin,

and a manometer (POP760, Okano, Osaka Japan) and

syringe were attached to the cup (Fig. 1A). A hole

measuring approximately 1cm in diameter was made in

the skin and the hole was covered with an appropriately

sized PGA sheet soaked in fibrinogen solution. The

components of fibrin glue, fibrinogen, and thrombin liquid

were applied to the PGA sheet either separately by using a

syringe or simultaneously by spraying. The sheet-glue

reaction time and the pressure leading to bursting of the

patch were recorded for each glue-application method. We

performed at least 3 experiments for each time point and

expressed the obtained values as the average and the

standard difference.

2.3. Surgical procedure

The endoscopic endonasal approach was performed

through the bilateral nostrils. The bilateral nasal mucosa

was dissected from the bony nasal septum at the level

where the superior turbinate and bilateral natural osteums

were connected by removing the bony septum partially;

this produced a wide opening of the anterior wall of the

sphenoid sinus. In patients with robust CSF leakage or a

large cavity after tumor removal, we inserted abdominal fat

into the cavity. The bone edge of the sella turcica was

coated with a fibrinogen solution of fibrin glue, a PGA

sheet soaked in fibrinogen solution was attached to the

outside of sella floor and fit to the surrounding structure,

and fibrin glue was poured onto the PGA sheet. In some
cases, fibrin glue was sprayed with a long nozzle (Bolheal

endospray, Chemo-Sero-Therapeutic Research Institute).

Cerebrospinal fluid leakage was examined after application

of PGA sheet and fibrin glue by increase in expiratory

pressure for a while and confirmed that there was no

leakage. On the morning after the operation, CSF rhinor-

rhea was examined with the patient in the sitting position.

The conditions of sellar floor were observed by the



Table 1

Results of sellar repair for 56 patients with intraoperative CSF leakage

Repair methods Case Postoperative

rhinorrhea

%

Fibrin glue only 6 2 33.3

Mucosal patch without fat 17 1 5.9

Mucosal patch with fat 15 4 26.7

PGA sheet and fibrin glue 14 0 0

PGA sheet and fibrin glue with fat 4 0 0

Total 56 7 12.5
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endoscope at 2 weeks, 1 month, and 2 months after

the operation.
3. Results

Before using the PGA sheets for sellar repair in the

clinical setting, we performed in vitro studies on their

adhesion speed and strength in the presence of fibrin glue.

As shown in Fig. 1, the PGA sheets adhered to rabbit skin

within 1 minute and withstood a pressure of 50 mm Hg.

When the fibrin glue was sprayed onto the area covered by

the PGA sheets, no leakage was observed after 3 minutes at

a pressure exceeding 220 mm Hg and never burst thereafter.

Although the adhesion speed was slower when the glue

components were applied separately, at 4 minutes there was

no leakage at the pressure of up to 80 mm Hg. These results

indicated that the mixture of fibrin glue and PGA sheet

could immediately make strong membrane, which could

bear the high pressure as long as it could attach tightly to the

surrounding structure.

In our series of 135 patients, 56 (41.5%) manifested

intraoperative CSF leakage. Of these, 38 underwent sella

floor repair without PGA sheets. Only fibrin glue was
Table 2

Summary of the patients repaired sellar floor with PGA sheet and fibrin glue

Case no. Diagnosis Age Sex Size (mm) CSF leakag

1 Meningioma 72 F 9 +++

2 Craniopharyngioma 56 M 28 +++

3 Rathke’s cyst 70 M 15 +++

4 Craniopharyngioma 45 F 25 +++

5 Prolactinoma 27 F 6 ++

6 Prolactinoma 29 F 6 ++

7 GH secreting PA 41 F 16 +

8 GH secreting PA 50 F 18 ++

9 Nonfunctioning PA 51 M 25 +

10 Prolactinoma 24 F 6 +

11 Nonfunctioning PA 60 M 25 +

12 Prolactinoma 69 F 25 +

13 Prolactinoma 26 F 6 ++

14 Rathke’s cyst 74 M 16 +++

15 Nonfunctioning PA 49 F 20 ++

16 Nonfunctioning PA 67 F 25 +

17 Nonfunctioning PA 56 M 30 ++

18 Nonfunctioning PA 62 F 29 +

PA indicates pituitary adenoma.
a Degree of CSF leakage was defined as oozing (+), spilling (++), and spout
applied for 6 patients, and 2 (33.3%) experienced postop-

erative rhinorrhea. Mucosal patch with or without abdom-

inal fat was applied for 32 patients and rhinorrhea was

observed in 5 (15.6%). These patients underwent spinal

drainage for several days (Table 1). In the 18 most recently

treated patients we used PGA sheets and fibrin glue to repair

the sella floor; none of these patients have postoperative

CSF leakage (Tables 1 and 2). In 4 patients who manifested

a large arachnoid defect, we used abdominal fat to plug

the sellar cavity. The median follow-up in this series was

7 month (range, 2-18 months).

Representative examples of our sellar repair procedures

are shown in Fig. 2. Case 5 was a 27-year-old woman

with prolactinoma; she had moderate CSF leakage after

extracapsular tumor removal. As the leakage point was

small, we covered the sellar floor directly with a PGA

sheet shaped to fit to the sella. The fibrin glue constituents

were applied separately with a syringe (Fig. 2A-C). Case

14 was a 74-year old man with a Rathke’s cleft cyst. After

aspiration of the mucinous content, we removed a portion

of the cyst membrane for histologic diagnosis. Because

there was robust CSF leakage through the thin membrane,

we plugged the cavity with abdominal fat. Then we

applied a PGA sheet of appropriate size to cover the sella

and surrounding membrane and attached it to the sphenoid

mucosa with fibrin glue sprayed through a long nozzle

(Fig. 2D-F). After discharge, we monitored the adhesion

of the PGA sheet to the sphenoid mucosa endoscopically

on an outpatient basis. The entire PGA sheet was covered

by sphenoid mucosa within a month in all patients. A

representative case is shown in Fig. 3. None of the

patients developed treatment-related complications after

the operation.
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Fig. 2. Intraoperative photographs of representative cases. Upper panels, case 5, a patient with prolactinoma. A: CSF leakage occurred after removal. B: A

1.5-cm square PGA sheet was used to cover the sellar floor and fit to the surrounding structure. C: The constituents of fibrin glue were applied separately with a

syringe. Lower panels, case 14, a patient with Rathke’s cleft cyst. D: A dural defect and a large cavity were present after aspiration of the cyst content and

biopsy the cyst wall. E: After plugging the cavity with abdominal fat, a PGA sheet was used to cover the sella. F: The constituents of fibrin glue were sprayed

simultaneously onto the area. This resulted in tight repair of the sellar floor.

Fig. 3. Representative photograph of endoscopic follow-up studies of the repaired sellar floor in case 5. A: Sellar floor just after the repair. The PGA sheet was

attached to the sellar floor with fibrin glue. B: Sellar floor at 2 weeks after the operation. The PGA sheet is partially covered by reproduced mucosa. C: Sellar

floor at 1 month after the operation. The PGA sheet is completely covered with mucosa. D: Sellar floor at 2 months after the operation. The sellar floor is

covered with healthy mucosa.
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4. Discussion

Cerebrospinal fluid leakage after transsphenoidal surgery

represents a serious problem. The rate of postoperative CSF

leaks ranged from 2.3% to 4.2% [2]. Patients with intra-

operative CSF leakage must be treated by appropriate sellar

reconstruction to avoid postoperative complications. The use

of hard materials such as alumina ceramic plate [12,13],

silicone [10,15], stainless plate [6], or pure titanium [1] has

been recommended. Although these materials form a strong

sellar floor, they are difficult to shape, and instances of host-

tissue reaction have been reported [2]. The newer resorbable

materials, for example, vicryl patches [17], collagen fleece

[3], and MacroSorb (MacroPore, San Diego, CA) [11], have

yielded better results without complications. Kubo et al [14]

reported a patient with an operated Rathke’s cleft cyst who

underwent repair with mucosal flaps applied in pedicle

fashion and basic fibroblast growth factor to halt CSF

leakage. However, spinal drainage was required to prevent

CSF leakage especially in some cases with large tears, even if

these materials were applied.

The PGA sheets we used in this series are a nonweave

membrane made form polyglactin acid, a homopolymer with

a molecular weight of 100 kd. They are similar to vicryl mesh

made from polyglactin 910, which was reported to have

excellent efficacy for sellar repair [17]. In comparison to

vicryl mesh, PGA sheets are softer and more flexible and they

can be shaped more easily to reconstruct the complicated

shape of the sellar turcica with its intrasinus pillars. In

combination with fibrin glue, the strength of PGA sheets

attached to the surrounding structure was dramatically

increased. In our in vitro experiments we observed strong

adhesion within 1 to 3 minutes to rabbit skin. Although rabbit

skin model was not able to explain the efficacy of this method

for human tissue, reacting speed of fibrin glue to the PGA

sheet and the membrane strength were useful information to

apply the sellar repair. Terasaka et al [19] covered dural

defects in dogs with PGA sheets and applied fibrin glue

observed absorption of the sheets and regeneration of

collagen fibers in the area at 2 months; there were no

rejection reactions. In thoracic surgery, this method yielded

good results 15 years before [16] and recently in spinal

surgery [8,18]. Similarly, we encountered no complications

in our 18 patients who underwent repair with PGA sheets and

fibrin glue. The endoscopic transsphenoidal approach pro-

vides for a wide view of the sphenoid sinus and yields

sufficient space to fit an appropriately shaped PGA sheet to

the sellar floor, although a sheet margin of at least 5 mm

margin is necessary for good attachment to surrounding tissue

[19]. In our series, endoscopic follow-up studies showed

good adhesion of the PGA sheets and coverage by fresh

mucosa in all cases. Based on our in vitro results and our

clinical experience, to achieve strong and fast adhesion, we

recommend minimal dissection of the surrounding mucosa

and a wide-as-possible sheet margin to allow for good

attachment and the spray application of fibrin glue.
We suggest that closure of the sella turcica with a PGA

sheet, combined with the application of fibrin glue, is safe in

patients treated by endoscopic transsphenoidal approach.

This technique effectively prevents postoperative CSF

leakage and contributes to shortening the operating time.

We are doing long-term follow-up in our patients to confirm

the safety of this method.
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Commentary

This is a very simple, yet effective, technique for most

pituitary transsphenoidal resections whether performed by

endoscopic or microscopic techniques. In patients with

extensive expansion and erosion of the sellar floor, there

will be more difficulty with this if a well-defined margin is
not evident. I would not rely upon this alone with a large

opening into the arachnoid membrane, but would still use

fat as the authors have done.

The adherence was tested in the laboratory only in one

direction. It would be equally important to demonstrate the

integrity of the opposite way to be certain the patch would

not fail with strong coughs, allowing air to enter the cranium

and causing tension pneumocephalus. Previous reports, as

noted by the authors, have shown the effectiveness of this

technique for spinal surgery, but this has a 1-way pressure

gradient. The transsphenoidal procedure is unique in having

forces in both directions.
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