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ABSTRACT 
Background: Endoscopic transsellar approaches effectively access skull base lesions but risk cerebrospinal 
fluid leaks. Three-layer grafting techniques reliably reinforce dural closure, reducing complications and 
supporting optimal healing. 
Aim: Assessment of the efficacy and safety of the modified protocol for skull base reconstruction which is 
done by utilizing a three-layer grafting technique (Facia-Fat-Facia) for the patients who developed 
intraoperative CSF leak necessitating an immediate repair regardless the degree of the leak at time of repair. 
Methods: A prospective study had been conducted at Skull Base Center and Neurosurgical Department of 
Ghazi Al-Hariri Martyr Hospital for Surgical Specialties, Medical City Complex of Baghdad through a period 
of 18 months, between January 2022 and June 2023, during which 43 patients with different pathologies 
underwent pure endoscopic endonasal sellar approach. Intra-operative CSF leaks were classified into four 
grades according to Esposito et al. Sellar reconstruction was performed by utilizing a three-layer grafting 
technique (Facia-Fat-Facia) for all patients regardless the degree of the leak at time of repair. Authors did 
not use any vascularized flaps or tissue glues and did not include any procedures of CSF diversions such as 
lumbar drainage. 
Results: Among the 43 (29 adenomatous pathology and 14 non-adenomatous), CSF leak was 34.88% 
Grade I, 41.86 Grade II and 23.26 Grade III. A minimum of 18 months follow-up showed development of two 
postoperative CSF leaks (4.65%), one pneumocephalus (2.32%) and one bacterial meningitis (2.32%) 
cases. 
Conclusion: Utilizing autologous facia lata and fat grafting in this modified three layered fashion is effective, 
reliable and safe procedure for reconstructing skull base defects regardless the CSF leak grading and 
severity, taking in consideration its tissue compatibility, availability and the ease of harvesting with negligible 
donor site morbidity, flexibility in size of the graft needed, it’s a good substitute for vascularized regional flaps 
in cases of unavailability of difficult to be harvested and lastly, it’s adding no cost on the patient when 
compared to other synthetic and artificial grafting substitutes avoiding the use of highly costed tissue glues 
and other synthetic sealant agents in most of cases. 
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 ،*انعهٙ دسٛة يصطفٗ ،****جٕاد الأيٛش عثذ عهٙ ،***انشصاق عثذ سعٕد عهٙ ،**دذٚذ يفهخ شعلاٌ ،*انعثذالله جٕاد يعٍٛ

 *****تذس يٕسٗ ْاَٙ ،*****دسٍ انكاظى عثذ عًاس

يسرشفٗ جشادح دائشج صذح انشصافح، . ***انعشاق َُٕٖٛ، َُٕٖٛ، جايعح انطة، كهٛح. ** دائشج صذح انثصشج*

*****يذُٚح انطة، يسرشفٗ غاص٘ انذشٚش٘  .انعشاق جايعح انمادسٛح، كهٛح انطة،**** انجًهح انعصثٛح انرعهًٛٙ.

 نهجشاداخ انعصثٛح

 الخلاصت

خطش ذعُذ انطشق انرُظٛشٚح عثش انجٛة انٕذذ٘ )انرشاَسسٛلاسٚح( فعانح فٙ انٕصٕل إنٗ آفاخ لاعذج انجًجًح، نكُٓا ذذًم  الخلفيت:

(. ذعُذ ذمُٛاخ انرشلٛع شلاشٙ انطثماخ ٔسٛهح يٕشٕلح نرعضٚض إغلاق الأو انجافٛح، يًا CSFدذٔز ذسشب انسائم انذياغٙ انشٕكٙ )

 ٚمهم يٍ انًعاعفاخ ٔٚذعى انشفاء الأيصم.
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نفافح(  –شذى  –نطثماخ )نفافح ذمٛٛى فعانٛح ٔأياٌ تشٔذٕكٕل يعذل لإعادج تُاء لاعذج انجًجًح تاسرخذاو ذمُٛح انرشلٛع شلاشٙ ا الهذف:

نذٖ انًشظٗ انزٍٚ دذز نذٚٓى ذسشب نهسائم انذياغٙ انشٕكٙ أشُاء انعًهٛح، ٔانزٍٚ اسرذعٗ رنك إصلاداً فٕسٚاً تغط انُظش عٍ 

 شذج انرسشب ٔلد الإصلاح.

انذشٚش٘ نهجشاداخ أجُشٚد دساسح يسرمثهٛح فٙ يشكض لاعذج انجًجًح ٔلسى جشادح الأعصاب فٙ يسرشفٗ غاص٘  المنهجيت:

، دٛس خعع 2222إنٗ َٕٕٚٛ  2222شٓشاً يٍ ُٚاٚش  81انرخصصٛح، ظًٍ يجًع يذُٚح انطة فٙ تغذاد، خلال فرشج ايرذخ نـ 

يشٚعاً ٚعإٌَ يٍ أيشاض يرُٕعح نُٓج ذُظٛش٘ صِشف عثش الأَف َذٕ انجٛة انٕذذ٘. ذى ذصُٛف ذسشب انسائم انذياغٙ  32

ٔآخشٍٚ. أجُش٘ إصلاح لاعذج انجًجًح نجًٛع انًشظٗ  Espositoستع دسجاخ دسة ذصُٛف انشٕكٙ أشُاء انعًهٛح إنٗ أ

نفافح(، تغط انُظش عٍ شذج انرسشب. نى ذسُرخذو أ٘ سذائم ٔعائٛح أٔ  –شذى  –تاسرخذاو ذمُٛح انرشلٛع شلاشٙ انطثماخ )نفافح 

 ُٙ.نٕاصك َسٛجٛح، كًا نى ذسُرخذو ٔسائم نرذٕٚم انسائم يصم انرصشٚف انمط

يٍ أيشاض غٛش غذٚح(، كاَد َسة ذسشب انسائم  83يُٓى ٚعإٌَ يٍ أٔساو غذٚح، ٔ 22) 32يٍ تٍٛ انًشظٗ انـ  النتائج:

 81% دسجح شانصح. أظٓش انذذ الأدَٗ يٍ انًراتعح نًذج 22.25% دسجح شاَٛح، 38.15ٔ% دسجح أٔنٗ، 23.11انذياغٙ انشٕكٙ: 

%(، ٔدانح 2.22%(، ٔدانح ٔادذج يٍ اسرشٔاح انجًجًح )3.54انشٕكٙ تعذ انعًهٛح ) شٓشاً دذٔز دانرٙ ذسشب نهسائم انذياغٙ

 %(.2.22ٔادذج يٍ انرٓاب انسذاٚا انجششٕيٙ )

ٚعُذ اسرخذاو سلعح نفافح انفخز ٔانشذى انزاذٙ ترمُٛح شلاشٛح انطثماخ انًعذنح ٔسٛهح فعانح ٔآيُح ٔيٕشٕلح لإصلاح عٕٛب  الاستنتاج:

غط انُظش عٍ دسجح ٔشذج ذسشب انسائم انذياغٙ انشٕكٙ. ٚرًٛض ْزا الأسهٕب ترٕافمّ انُسٛجٙ، ٔذٕفش يٕادِ لاعذج انجًجًح، ت

ٔسٕٓنح دصادْا، يع َذسج انًعاعفاخ فٙ يٕلع انجُٙ، ٔيشَٔح فٙ دجى انشلعح دسة انذاجح. كًا ٚعُرثش تذٚلاً جٛذاً نهسذائم 

عهٛٓا، ٔٚرًٛض تعذو ذذًٛم انًشٚط ذكانٛف إظافٛح يماسَح تانثذائم  انٕعائٛح فٙ دال ذعزس اسرخذايٓا أٔ صعٕتح انذصٕل

 انصُاعٛح ٔانلاصماخ انُسٛجٛح تاْظح انصًٍ.

 

ذشيٛى لاعذج انجًجًح؛ انٕسو انغذ٘ انُخايٙ؛ انجشادح  ،ذسشب انسائم انذياغٙ انشٕكٙ؛ انُٓج انرشاَسٛلاس٘ الكلماث المفتاحيت :

 .انرُظٛشٚح؛ ذمُٛح انرشلٛع شلاشٙ انطثماخ

 

INTRODUCTION 
pproximately 10 to 15% of all intracranial 
neoplasms involve the pituitary gland and 

sellar region. Nearly 9% of these lesions are 
pituitary adenomas, with the remainder comprising 
neoplastic, inflammatory, vascular, or 
developmental abnormalities.

1,2
 Over recent 

decades, significant advancements in endoscopic 
skull base surgery have occurred, driven largely by 
innovations in endoscope technology and high-
resolution camera systems. These enhancements 
have dramatically improved visualization, 
particularly beneficial in managing larger tumors, 
resulting in fewer complications and reduced 
healthcare costs. Consequently, purely endoscopic 
approaches such as endonasal endoscopic 
transsphenoidal, transsellar, transtubercular, and 
transplanar procedures have become standard 
practices.

3 

Effective skull base reconstruction following 
endoscopic surgery is critical, primarily aiming to 
achieve a watertight barrier separating the cranial 
cavity from the sinonasal spaces. This barrier 
prevents postoperative cerebrospinal fluid (CSF) 
leakage and ascending intracranial infections, 
including meningitis, encephalitis, and intracranial 
abscess formation.

4-6
 Multilayer closure techniques 

incorporating vascularized pedicle flaps are 
commonly employed to restore the anatomical and 
functional integrity of the region.

7-12
 

Additional objectives of endoscopic skull base 
reconstruction include minimizing postoperative 
dead space, re-establishing sinonasal mucosal 
lining and drainage pathways, promoting rapid 
wound healing, and adequately covering exposed 
or prolapsed neural tissue and critical 
neurovascular structures to preserve their 
functional integrity.

13
 

Despite general consensus on reconstruction’s 
importance, considerable debate remains 
concerning optimal reconstruction techniques, graft 
material choices, and whether reconstruction is 
universally necessary for all procedures. Given that 
intraoperative CSF leakage strongly predicts 
postoperative leakage, several authors 
recommend intraoperative reconstruction 
specifically when a leak is observed, regardless of 
its severity. 

 

PATIENTS AND METHODS 
This prospective study was conducted over 18 

months (January 2022 - June 2023) at the 
Otolaryngology and Skull Base Center and 
Neurosurgical Department, Ghazi Al-Hariri Martyr 
Hospital for Surgical Specialties, Baghdad Medical 
City Complex. The study assessed the efficacy and 
safety of a modified skull base reconstruction 
technique utilizing a three-layer graft (Fascia-Fat-
Fascia [3F]) in patients experiencing intraoperative 
cerebrospinal fluid (CSF) leaks during endoscopic 

A 
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transsellar approaches. Ethical approval and 
informed patient consent were obtained. 

Patients underwent comprehensive preoperative 
evaluation including medical history, physical 
examination, nasal endoscopy, computed 
tomography (CT), magnetic resonance imaging 
(MRI), and relevant laboratory tests. Additional 
evaluations such as intracranial pressure 
measurements and consultations with 
ophthalmology, neurology, cardiology, and 
anesthesiology specialists were performed as 
indicated. 

Among 188 patients undergoing transnasal 
endoscopic sellar surgery, only 43 (22.87%) with 
Esposito Grades 1-3 intraoperative CSF leaks 
were included. Patients with Grade 0 leaks, large 
defects (>3 cm), or prior radiation therapy were 
excluded. All procedures involved a consistent 
skull base surgical team using a four-handed 
binostril endonasal transsphenoidal technique. 
Reconstruction employed a three-layer method: 
subdural fascia lata inlay graft, intermediate fat 
graft, and extracranial fascia lata onlay graft, 
secured with Surgicel, Gelfoam, and Merocel nasal 
packing. 

Postoperatively, patients received systemic 
antibiotics and Acetazolamide until packing 
removal (average five days). Follow-up included 
nasal debridement and endoscopic assessment 
weekly for the first month, biweekly in the second 
month, and monthly thereafter for three months. 
Primary outcomes recorded were postoperative 
CSF leaks, meningitis, re-exploration rates, and 
donor-site morbidity. 

SPSS v 25.0 were used for data analysis to 
accomplishment aim of the study. 

 

RESULTS 
Table 1 Intraoperative CSF leak patient 
categorizations according to primary pathology 

Adenomatous Pathology 29 Patients (67.44%) 

Adenoma Type No. of Cases Percentage 

Non-Functioning 15 51.72% 

PRL Secreting 7 24.13% 

GH Secreting 5 17.25% 

ACTH Secreting 2 6.90% 

Non-Adenomatous Pathology 14 Patients 
(32.56%) 

Craniopharyngioma 9 64.29% 

Meningioma 5 35.71% 

 

Pituitary adenomatous tumors were the primary 
pathology in 29 cases accounting for (67.44%), 
from them the non-hormone secreting type was 
reported in 15 patients while the hormone 
secreting adenomas were reported in 14 patients 
and distributed between prolactin, growth 
hormones and ACTH secreting tumors in 7, 5 and 
2 patients respectively. The non-adenomatous 
pathologies diagnosed in 14 patients accounting 
for (32.56%) and categorized into two types, 
craniopharyngioma and meningioma in 9 and 5 
patients respectively. (Table 1) 

 
Table 2 Categorization of adenoma size in patients 
with CSF leaks 

Adenomatous Pathology 29 Patients (67.44%) 

Adenoma Size 
No. of 
Cases 

Percentage 

Macroadenoma > 1 
cm 

20 68.96% 

Microadenoma < 1 
cm 

7 24.14% 

Giant adenoma > 4 
cm 

2 6.90% 

 
Among those with adenomatous pathology, 

radiological size assessments revealed that the 
majority of patients (68.96%) had macroadenoma, 
while microadenoma was reported in (24.14%) and 
the least reported giant adenomas were 
accounting for (6.90%) (Table 2) 

 
 

 

 
Fig. 1 Grading of intraoperative CSF leaks 
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Intraoperative CSF Leaks and Grading: All 
included patients were categorized into three 
grades according to the used grading system. 
Grade I (34.88%), grade II (41.86%) and grade III 
(23.26%) accounted in 15, 18 and 10 patients 
respectively. (Fig. 1) 
 

 
Fig. 2 Comorbidities and CSF grading 

 
Hypertension disease was represented in 

(26.66%) of grade I group, (13.33%) of grade II 
group and (20%) of grade III group of 
intraoperative CSF leaks, figures detected for high 
ICP were (13.33%) of grade I, (5.55%) of grade II 
and (40%) of grade III group of study, diabetes 
mellitus was (6.66%) in grade I, (16.66%) in grade 
II and (10%) in grade III. Analyzing the incidence of 
other comorbidities for each group of patients was 
also shown below. (Fig. 2) 

 

 
Fig. 3 Revision procedures and intraoperative CSF 

leaks 
 
Patients of Revision Procedures: Only 6 out of 

the 43 studied patients were underwent previous 
surgery and submitted to revision one during our 
study and were representing (13.95%) of the 
studied sample, they distributed between the three 
studied groups as follow, 3 patients in grade III, 2 
patients in grade I and finally only 1 patient in 
grade II CSF leak group. (Fig. 3) 

 
 

 
Fig. 4 Reported complications and its incidences 
 
Re-exploration performed for one case of graft 

failure and continuous postoperative CSF leak 
which necessitate revision surgery in young male 
patient of grade III intra operative leak, he 
underwent re exploration under general 
anesthetics and repaired with new multi-layered 
grafting sealed by nasal flour mucosal graft and 
tissue glue. (Fig. 4) 

 

DISCUSSION 

Endoscopic skull base approaches are well 
known to be associated with less morbidity than 
open transcranial one and provide easier access to 
skull base lesions. However, intraoperative and 
postoperative CSF leakage is still the most 
frequently reported complications. Degree and 
severity of CSF leak depends on many factors 
which are patient and approach related, as the 
resection of pituitary adenomas is often an extra 
arachnoid procedure, with a small dural defect 
created to access the pathology and is therefore 
associated with a low rate of CSF leaks of a low to 
moderate grades as compared to the high-flow 
CSF leaks which are common in more extended 
approaches as in the resection of some 
craniopharyngiomas, meningiomas, giant pituitary 
adenomas, clival chordomas, and olfactory 
neuromas. Many literatures indicated various 
factors that had been postulated to be a risk for 
post-operative CSF leak including GH secreting 
adenoma, old aged patients, previous surgery or 
radiotherapy and surgical team experience, but 
arachnoid membrane violations and intraoperative 
CSF leak has been found to be the most important 
predisposing and prognostic factors affecting the 
risk of postoperative CSF leaks. Although, fascia 
lata harvesting may prolong the procedure and 
additional wound-related problems may arise, 
autologous fascia lata still considered the most 
commonly used and effective graft material for 
multilayer reconstruction and several techniques 
are available that use grafting materials to 
reconstruct the skull base in a watertight manner.  
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In this study, three-layered reconstruction was 
performed in an inlay–onlay fashion with using of 
fat layer in between (Fascia Fat Fascia) regardless 
the grade of CSF leak intraoperatively and 
comparing our results with similar studies of 
graded repairing of skull base defects based on 
intraoperative CSF grading and degree of leaks. 

Out of all our procedures conducted during the 
period of this study, 22.87% had a recognized 
intraoperative CSF leak, including grade I (7,98%), 
grade II (9.57%) and grade III (5.32%) were 
accounted. (Fig. 1)  

Esposito, et al
14 

reported 56.6% intraoperative 
CSF leak, including grade I (32.5%), grade II 
(15.4%), and grade III (8.7%) leaks. 

M. Jalessi, et al
15 

 found about 44.5% 
intraoperative CSF leak, including grade I (32.5%) 
and grade II (12%) as they used their own 
modification of the CSF grading system. 

JH Park, et al.
16 

as they found about 27.4% 
intraoperative CSF leak, including grade I (14.7%), 
grade IIa (4.6%), grade IIb (3%) and grade III 
(5.1%) as they also used their own modification of 
the CSF grading system. Analyzing the relations of 
intra operative CSF leakage with primary pathology 
and comparing with other similar studies, we 
reported that macroadenoma and 
craniopharyngioma representing highest 
associated primary risk factor for intraoperative 
CSF leak in all the three grades. Similarly arterial 
and intracranial hypertension in association with 
revision procedures all were significantly increase 
the risk of intraoperative CSF leaks during 
endoscopic endonasal transsellar surgical 
procedures.  In order to directly compare the 
outcomes of three CSF leakage groups, we 
conducted an analysis only on the major and life-
threatening post operative complications namely 
meningitis, pneumocephalus and repair failure with 
resultant postoperative CSF leak as the donor site 
morbidity was non significantly affecting the 
outcome and causing non-disabling consequences 
to almost all of our studied patients. There was 
only one reported case of culture proved bacterial 
meningitis related to grade II leaking group, 
representing 2.32% of the studied three groups. 

Similarly, there was only one reported case of 
pneumocephalus, but was related to grade III 
leaking group, representing 2.32% of the studied 
three groups. Both were treated successfully 
without long standing or permanent consequences.  

Grafting failure with resultant persistent post 
operative CSF leak was reported in two cases, 
representing 4.65% of the studied three groups 
and distributed equally between grade II and III 
CSF groups. Both were treated surgically with 
successful outcomes. 

 

CONCLUSIONS AND RECOMMENDATIONS 

Until currently, there is unclear evidence to guide 
the ideal and water tight repair technique after 
endoscopic transsellar pituitary and skull base 
tumor resection, so multicenter studies and data 
collections are of significant usefulness in 
determining the future practice and outcomes of 
similar procedures. 

According to our findings and clinical outcomes, 
the use autologous facia lata and fat grafting in this 
modified three layered fashion technique is 
effective, reliable and safe procedure for 
reconstructing skull base defects regardless the 
CSF leak grading and severity, taking in 
consideration its tissue compatibility, availability 
and the ease of harvesting with negligible donor 
site morbidity, flexibility in size of the graft needed, 
it’s a good substitute for vascularized regional flaps 
in cases of unavailability of difficult to be harvested 
and lastly, it’s adding no cost on the patient when 
compared to other synthetic and artificial grafting 
substitutes avoiding the use of highly costed tissue 
glues and other synthetic sealant agents in most of 
cases. 
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