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ABSTRACT

AIM: Postoperative cerebrospinal fluid (CSF) leak following endoscopic endonasal transsphenoidal surgery (EETS) is associated with increased
morbidity and mortality. This prospective study is the first evaluation of using autologous fibrin sealant for preventing postoperative CSF leak
and related complications.

MATERIAL and METHODS: 200 endoscopic endonasal transsphenoidal approaches were included in the study and reviewed retrospectively
from September 2010 to June 2012. A total of 55 patients who have large skull base and diafragma sella defects, connected with basal cisterns
or ventricles, were chosen for the study. The patients were operated via extended or classical endoscopic endonasal transsphenoidal approach.
The skull base has been repaired using AFS combined with multilayer reconstruction in all cases. The incidence of CSF leak as a complication
of EETS was analyzed.

RESULTS: The ages of the patients ranged from 20 to 83 years (mean 49.3 years). There were 25 (46%) male patients and 30 (54%) females.
All patients had tumors with suprasellar or parasellar extension. Postoperative CSF leak was determined in 2 patients (3.6%). There were no
complications and allergic reactions associated with the use of AFS.

CONCLUSION: Using of AFS combined with multilayer reconstruction technique is a safe and effective method to prevent CSF leak in large
defects following EETS.

KEYWORDS: Endoscopic endonasal transsphenoidal, Cerebrospinal fluid leak, Autologous fibrin sealant, Skull base reconstruction
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AMAC: Endoskopik endonazal trassfenoidal cerrahi (EETC) sonrasinda gelisen postoperatif beyin omurilik sivisi (BOS) kacadi bu prosedirin

morbidite ve mortalitesini arttiran bir faktordir. Bu prospektif calisma postoperatif BOS kacaginin ve buna bagh komplikasyonlarin
engellenmesi amaciyla otolog fibrin yapistirict kullaniminin ilk érnegidir.

YONTEM ve GERECLER: Ekim 2010 ile Haziran 2012 arasinda endoskopik endonazal transsfenoidal yaklasim ile ameliyat edilen 200 olgu
retrospektif olarak degerlendirildi ve calismaya dahil edildi. Bunlar arasindan bazal sisternler veya ventrikdller ile iligkisi olan genis diafragma
sella defekti veya genis kafa tabani defekti bulunan toplam 55 hasta secildi. Hastalar genisletilmis veya klasik endoskopik endonazal
transsfenoidal yaklasim ile opere edildi. Kafa tabani tamiri tiim olgularda ¢ok katmanli tamir yontemi ile otolog fibrin yapistirici kullanilarak
gerceklestirildi. EETC'nin bir komplikasyonu olan BOS kagaginin insidansi analiz edildi.

BULGULAR: Hastalarin yas dagilimi 20 ile 83 (ortalama 49.3) arasinda idi. Bunlardan 25'i (%46) erkek, 30'u (%54) kadindi. Tim hastalarda
suprasellar veya parasellar uzanim gésteren timér bulunmaktayd.. iki hastada (%3.6) postoperatif BOS kacagi saptandi. Otolog fibrin
yapistiriciya bagli herhangi bir komplikasyon veya allerjik reaksiyona rastlanmadi.

SONUG: Cok katmanli tamir ile birlikte otolog fibrin yapistici kullaniminin, EETC sonrasi gelisebilecek BOS kacaginin engellenmesinde glvenli
ve etkin bir teknik oldugunu distinmekteyiz.

ANAHTAR SOZCUKLER: Endoskopik endonazal transsfenoidal, Beyin omurilik sivisi kacagi, Otolog fibrin yapistirici, Kafa tabani tamiri
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INTRODUCTION

Endoscopic endonasal transsphenoidal surgery (EETS) is
generally considered a safe and effective technique for
removal of pituitary adenomas and many other parasellar
tumors (4, 13). Surgical repair of skull base defects during
the EETS procedure is an important and necessary step
to prevent postoperative complications, and to provide
anatomic integrity (23). The most common serious potential
complication of EETS is cerebrospinal fluid (CSF) leakage that
could result in disasterous intracranial complications such as
meningitis or pneumocephalus (28, 33). A history of previous
surgery or radiation exposure, obesity, a large duramater
defect, opening of cisterns or ventricles during the surgery,
a large volume of tumor resection, leaving a residual tumor
and incompliance of the patient during the postoperative
period are factors that may increase the risk of postoperative
CSF leakage (33). The postoperative CSF leakage incidence of
EETS is 2.3% - 6.4% and has been reported to increase (mean
10%) after extended approaches (6, 28, 33).

Various techniques and materials depending on surgeons’
experiences are used for skull base reconstruction to
prevent CSF leak (4, 9, 13, 17, 28, 33, 37, 40). Intradural and/
or extradural closure of skull base defect and packing of the
sella with or without packing of the sphenoid sinus can be
the technical options (37). The majority of surgeouns use a
combination of autologous intra-dural grafts (fat, muscle,
fascia lata, dermal grafts, lyophilised dura mater), a hemostatic
agent (collagen sponge, oxidized cellulose, etc.) and/or some
form of rigid/semi-rigid buttressing (nasal septum, sphenoid
bone, titanium mesh, biodegradable plates or Foley catheter).
Usage of vascularized mucosal flaps, dural substitutes and
tissue sealants have also been described (1, 4, 5, 9, 10, 12,
13, 15,16, 17,18, 19, 21, 22, 23, 27, 28, 29, 33, 34, 36, 37, 39,
40, 41). Even primary suturing of the dural defects has been
reported (31). These can be deployed either with or without
the assistance of lumbar CSF diversion (6, 13, 35, 37, 38).

Fibrin sealants are frequently used in skull base reconstruction.
Using an autologous fibrin sealant (AFS) is a new procedure.
Although AFS is preferred mostly in urological, pulmonary
and cardiothoracic surgeries, there is no previous data in the
literature about usage in skull base reconstruction (2, 14, 24,
32). Thus, this study is the first evaluation of using an AFS for
the prevention of CSF leakage following EETS for large skull
base and diaphragma sellae defects.

MATERIAL and METHODS

A total of 55 patients who underwent endoscopic endonasal
transsphenoidal surgery among 200 endoscopic endonasal
transsphenoidal approaches between September 2010 and
June 2012 at the Ankara Numune Research and Education
Hospital, Department of Neurosurgery were included in the
study and reviewed retrospectively.

All of the included patients had similar selection criteria, pre-
operative evaluation, surgical technique and post-operative
management. Preoperatively, all patients underwent clinical
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examination, endocrine testing, ophthalmological and rhino-
logical assessment, and radiological investigations. MRI was
chosen as the radiological investigation method due to its
better tumor definition. Coronal and axial CT scanning with-
out radiopaque enhancement was performed for preopera-
tive evaluation of nasal cavity and paranasal sinuses. CT scan
images were also useful to assess the pneumatization of the
sphenoid and the position of its septa.

Among the patients operated on with the EETS approach, 46
had pituitary adenoma (83.7%), 3 had craniopharyngioma
(5.5%), 2 had clivus chordoma (3.6%), 1 had nasopharyngeal
carcinoma with skull base invasion (1.8%), 2 had olfactory
groove meningioma (3.6%), and 1 had tuberculum sella
meningioma (1.8%). Among the pituitary adenomas, 29 were
non-secretory adenomas (52.7%), 5 were prolactinomas
(9.1%), 3 were corticotropinomas (5.5%), and 9 were
somatotropinomas (16.4%). Among all 55 patients, a total of 6
were operated via an extended EETS approach (Table I).

Rigid endoscopes with 4 mm diameter and 180 mm length,
and equipped with zero, 30 and 45-degree lenses, according
to different steps of the surgical operation were used. Thinner
endoscopes in diameters of 2.7 mm can be used to ease
access, especially in children and in patients with narrow
nostrils.

All patients but 6 underwent classical endoscopic endonasal
transsphenoidal surgery, using the paraseptal route (4, 37).
The other patients were operated via the extended EETS
approach. All procedures were performed with informed
consent of the patients.

As a routine classical EETS procedure, mononostril approach
without removal of the middle turbinate and posterior
septectomy was often preferred. However, a binostril
approach with either partial or total removal of the middle
turbinate and posterior septectomy was performed in all
of the extended EETS procedures. In the extended cases,
excision of vomer and sphenoid sinus walls provides broad
exposure of the skull base for four handed surgical assistance.
In this approach, the planum sphenoidale, tuberculum sellae
and superior and middle thirds of clivus could be removed
according to the tumor invasion.

In all cases, multilayer reconstruction was performed for skull
base defect using fat graft, fascia lata, absorbable hemostat
(Surgicel® fibrillar) and AFS (Vivostat’, Vivostat A/S, Borupvang
2 DK-3450, Alleroed / Denmark). Fat tissue and/or fascia lata
were obtained by nearly two-centimeter superolateral thigh
incision as needed. The defects of the anterior skull base
dura and diaphragma sellae were plugged snugly with fat
tissue and/or fascia lata and later supported with absorbable
hemostat and AFS. Dural defect in the sellar region was
reconstructed with fascia lata graft both intradurally and
extradurally (between the dura and the sellar base bone).
The grafts were also supported with a layer of AFS. At the
end, the rest of the AFS was applied as a thick layer over the
reconstruction area till it completely obliterated the sphenoid
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Table I: Distrubition of the Patients Operated via EETS

_ Percent (%) | CSF Diversion Approach

Pituitary Adenoma 83,64
Non-secretory 29
Prolactinomas 5
Corticotropinomas 3
Somatotropinomas 9
Craniopharyngioma 3 5,45
Clivus chordoma 2 3,64
Nasopharyngeal carcinoma 1 1,82
Olfactory groove meningioma 2 3,64
Tuberculum sella meningioma 1 1,82
Total Count 55

EETS
2

1
1 EETS+TT

EETS +TCl 2

EETS + TCl
2 EETS +TCr 2
1 EETS+TT 1
5 2 6

EETS: Endoscopic Endonasal Transsphenoidal, TT: Transtubercular, TCI: Transclival, TCr: Transcribriform

sinus. A foley catheter was inflated over the sphenoid sinus for
preventing the dislodgement or prolapse of reconstruction
materials due to gravity. Packing of the nasal cavity was
not considered necessary, except in the case of diffuse
intraoperative bleeding.

Lumbar CSF diversion was used in selected obese patients
(BMI = 30) and tumor cavity connected with the third ventricle
or cisterns. External lumbar drainage (ELD) was used in 5
patients in the postoperative period (9.1%). The withdrawal
of drains was completed in the postoperative 5 days, and all
of the patients were complication-free.

AFS was applied with the use of Vivostat’ System. The Vivostat”
System is a fully automated device formed by gathering of
three components: an automated microprocessor control
unit; an automated application unit and a disposable single-
patient-use unit. The fully automated microprocessor control
unit is a nonsterile and reusable electromechanical device
that drives and controls the biochemical process that takes
place within the disposable preparation unit (Prep Unit) for
preparing a concentrated fibrin solution from 120 ml blood.
Biotinbatroxobin is the initiator for the biochemical process,
that acts upon the patients own plasma fibrinogen; the
process depends entirely on endogenous thrombin of the
patient own which produces a sealant that overcomes the
potential infective and antigenic risk (25). The automated
application unit is a nonsterile, reusable, microprocessor-
controlled electromechanical device, in which the fibrin and
buffer cartridges are inserted. The unit then pushes forward
those solutions into the application pen using a multi-lumen
catheter. Solution application speed can be adjusted as low,
medium or high. The last component is a disposable single-
patient-use unit by which AFS is prepared and applied. The
unit includes a blood collecting set where patients own blood
was collected and used for the biochemical process that
produces the fibrin solution (26). This system prepares 5-6 ml
of AFS from 120 ml of the patient’s own blood in about 30
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minutes. The desired blood was obtained frequently from an
arterial line if available. Otherwise a venous vascular access
could be used. The fibrin sealant was applied with the use of
the endoscopic applicator.

Postoperative discomfort was minimal and the narcotic
analgesics were rarely necessary. Nasal drainage was also
minimal. An ointment was also used with antibiotics for local
applications in the nasal cavity three times a day. Patients
were kept on antibiotics. Because of the risk of postoperative
diabetes insipidus, the patients were observed regularly at
their hospital room for five days. An endocrine evaluation was
performed if necessary.

RESULTS

Fifty-five consecutive patients were recruited into the study.
Their ages ranged from 20 to 83 years (mean 49.3). There were
25 (46%) male and 30 (54%) female patients. All of them had
tumors with suprasellar and parasellar extension.

All of the 55 patients were followed up between 1 to 20
months (mean 10.3). Patients were hospitalized between 4 to
10 days (mean 5.2) after the operation. Patients were followed
up with clinico-endoscopic assessment in postoperative
3 day and after one month. There was no complication
(vascular or neural) among the 55 cases. Only 2 postoperative
CSF leaks were determined (3.6%), and both of them were
reoperated and repaired successfully with the previously
described method. There were also no complications and
allergic reactions associated with the use of AFS.

No permanent Diabetes Insipidus (DI) was recorded in this
study, buttemporary Dl occurredintwo cases.Only one patient
developed hematoma, which absorbed spontaneously,
on the removed fascia area on the leg. Postoperative pain
was minimal and patients often did not require analgesic
medications. There were no local or systemic infections
recorded.
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DISCUSSION

EETS is an accepted approach in the treatment of sellar and
parasellar pathologies. However, endoscopic repair of CSF
leakage with skull base defect after surgery is still the major
problem without any universal consensus (28, 33). This
becomes a far more exaggerated trouble after a large skull
base and diaphragma sella defect with a cistern or ventricle
connection.

Probably this is not only due to the various reconstruction
techniques but also because of the different equipment and
materials that could be used for the repair. In fact, after an
extended EETS surgery the defects tend to be larger and more
complex than those following a standard pituitary surgery, so
the reconstruction process and materials used for the repair
always represent a challenge (33). Besides preventing CSF
leak, skull base reconstruction is performed for reducing the
dead space, creating a protective barrier, and preventing the
descent of the chiasm into the sellar cavity (37).Our aim in this
study is to discuss the results of 55 patients, who underwent
EETS surgery for multilayer skull base reconstruction by
using only autologous grafts. As is known, autologous grafts
interact with the normal anatomical tissues, stimulating the
migration of fibroblasts, and maintain to complete recovery
of the anatomical barrier (30).

With respect to the previous trials about skull base
reconstruction after EETS surgery, Kaptain et al. in 2001
performed reconstruction with fat, septal bone graft, and
macrosorb in 10 patients. The patients were followed by
postoperative external lumbar drainage and 1 patient (10%)
experienced CSF leakage (20). Couldwell et al.in 2004 used fat,
fascia and lactosorb in their trial and observed CSF leakage in
2 patients (5.2%) (8). In their study Dusick et al. performed a
repair with fat, collagen sponge and titanium in 24 patients,
and observed CSF leakage in 5 patients (20.8%) (11). Finally,
in 2007 de Cavallo et al. used lactosorb and dehydrated
human pericardium (Tutoplast) in their trial, including 21
patients, where 2 patients (9.5%) experienced CSF leakage
(7). In our study, only 2 patients experienced postoperative
rhinorrhea (3.6%). We observed a hematoma, which was
absorbed without any intervention, on thigh where fat and
facia lata graft was harvested. None of the patients showed
any untoward allergic reaction.

Ideally, the first aim of repair should be achieving a successful
occlusion of CSF leakage with minimal morbidity, without
significant prolongation of operative and hospitalization time
and without compromise of the quality of post-operative
magnetic resonance imaging (40).

Fibrin sealants are being used in surgery both as a supplement
to sutures and as an assurance for providing optimal wound
integrity when sutures are insufficient or would aggravate
bleeding. Although their primary utilization is to achieve
haemostassis, they can also seal air and body fluid leakages
and therefore used as a glue and as a matrix for local drug
delivery. Fibrin sealants mimic the final stages of the clotting
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cascade, but because being independent of the body’s self
clotting mechanism, they are also effective in coagulopathies
or patients under heparin or anticoagulant therapy (3).

There are numerous fibrin sealants in using skull base
reconstruction and AFS is a new one. AFS is prepared by the
fully automated Vivostat® system from patient’s own blood.
Compared to other sealant products, AFS offers a multitude
of benefits to both the patient and the surgeon.

AFS was applied with the use of Vivostat® System. In this
system the entire process, from taking the patient’s own blood
sample until the sealant was ready to use is fully automatic
and controlled, which both provides an ease to use for the
surgeon and reduces the risk of contamination and antigenic
reactivity.

AFS (Vivostat) demonstrates excellent biocompatibility.
Conventional products are most often based on either single
or pooled donor blood or includes bovine components.
Unlike these products, AFS (Vivostat’) is autologous and that
nature makes it free for any exogenous thrombin or bovine
components, which also efficiently eliminates the risks
of bovine or human borne contaminants. This is the only
way to protect the patient against unidentified pathogen
transmissions. In addition, clinical studies and comparative
tests have demonstrated that AFS (Vivostat’) is superior to
conventional fibrin sealants on haemostasis time, elasticity,
tissue adhesion and tissue impact (25).

The application devices of AFS (Vivostat®) System are designed
to deliver the sealant in a precise and targeted manner
with minimum waste. During the entire surgical procedure
AFS can be used intermittently without occlusion, which
is common in conventional systems. The wide selection of
these application devices provides the surgeon a freedom in
the use of the fibrin sealant. Furthermore, AFS can be used at
a very close space that allows pinpoint application and rapid
polymerisation ensures that the fibrin remains where it is
applied. When the Vivostat® Solution polymerizes, it turns into
a white“gel”that is visible to the eye, which helps the surgeon
to see to which area the solution has been applied. A 33 cm
stick-like Vivostat endoscopic applicator is used in EETS. The
single use endoscopic application catheter is easily loaded in
to the endoscopic handle, which is inserted via a 5 mm trocar.
The pre-bent spray tip enables the surgeon to manipulate the
tip and spray in the multiple directions.

We used AFS (Vivostat’) in every stage of multilayer
reconstruction technique to prevent CSF leak with large
skull base defects following EETS. Postoperative CSF leak was
determined in 2 patients (3.6%). The significant advantage
of AFS was that being controlled amount and speed of
application by surgeon. This allows to easy application for
surgeons whenever they want. Therefore any amount of
AFS can be used in every stage of multilayer reconstruction.
Stick-like applicator for specially made endonasal surgery is
other advantage of this system. It is long enough and has
great finesse with an easy to use for endoscopic endonasal
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approach. In addition, using AFS does not affect quality of
post-operative magnetic resonance imaging. In this study,
there were no complications associated with the use of AFS
(Vivostat’).

CONCLUSIONS

The endoscopic endonasal transsphenoidal surgery is a
minimally invasive procedure for the treatment of pituitary
and same of scull base lesions. For a successful surgery and in
order to prevent the CSF leak and related complications, skull
base reconstruction is an important step of EETS, particularly
in extended surgery. Because of advantages, using of AFS
combined with multilayer reconstruction technique is a safe
and effective method to prevent CSF leak in large defects
following EETS.
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