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Intradural fat graft packing is
not indispensable in preventing
postoperative cerebrospinal fluid
leakage in endoscopic endonasal
pituitary adenoma surgeries

Xiefeng Wang †, Binbin Wang †, Gang Cheng, Yongping You*

and Chao Tao*

Department of Neurosurgery, The First Affiliated Hospital of Nanjing Medical University,
Nanjing, China
Objectives: Is intradural fat graft packing indispensable in preventing

postoperative cerebrospinal fluid leakage in endoscopic endonasal pituitary

adenoma surgeries? This study aimed to review the methods and outcomes of

our graded sellar floor reconstruction strategy without fat graft packing in

endoscopic endonasal pituitary adenoma surgeries.

Methods: From March 2018 to December 2022, 200 patients underwent

endoscopic endonasal pituitary adenoma resection by a single author in our

institute. We applied different graded skull base reconstruction strategies in

different periods. Intradural fat graft packing was used to reconstruct the skull

base in the early period, from March 2018 to June 2019, but fat graft was not

used in the late period, from January 2020 to December 2022. The effect of

these different graded skull base reconstruction strategies andwhether intradural

fat graft packing is necessary were evaluated by observing the incidence of

postoperative cerebrospinal fluid leak.

Results: In the early period, fat graft was used to reconstruct skull base when the

intraoperative cerebrospinal fluid (CSF) leakage existed. There were two patients

who suffered from postoperative cerebrospinal fluid leak in this group. In the late

period, fat graft was not used to reconstruct the skull base, and no patient

suffered from postoperative cerebrospinal fluid leakage in this group.

Conclusions: Intradural fat graft packing is unnecessary in the endoscopic

endonasal pituitary adenoma resection. The outcome of our graded sellar floor

reconstruction strategy is satisfactory.

KEYWORDS

pituitary tumors, surgery, neuroendoscopy, cerebrospinal fluid leakage, skull
base reconstruction
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1 Introduction

Endoscopic endonasal approach (EEA) is becoming the main

surgical approach for pituitary adenoma resection (1–5). EEA can

provide better visualization and wider exposure than the traditional

microscopic trans-sphenoidal approach (MTA) pituitary adenoma

resection (6–8).

Skull base reconstruction is a critical step in endoscopic

transnasal pituitary adenoma surgeries. The method of skull base

repair varies among surgeons (2, 4, 5, 9–11). Many surgeons

perform autologous fat graft packing during skull base

reconstruction, which is effective but may also bring problems.

There is no conclusion on whether fat packing is inevitable for skull

base repair after pituitary adenoma surgery. We have applied

different strategies of skull base reconstruction at different

periods. Through retrospective analysis, we compare the efficacy

of the two strategies to explore whether intradural fat graft packing

is inevitable during skull base reconstruction.

From March 2018 to December 2022, a total of 200 patients

underwent EEA pituitary adenoma resection by a single author in

our institute. Different skull base reconstruction strategies were

applied in different periods. In the early period, fromMarch 2018 to

June 2019, fat graft was used to reconstruct the skull base. In the late

period, from January 2020 to December 2022, fat graft was not used.

This study respectively reviewed the surgical methods and

outcomes of these cases to find out if intradural fat graft packing

is indispensable in preventing postoperative cerebrospinal fluid

leakage in endoscopic endonasal pituitary adenoma surgeries.
2 Methods

2.1 Patients

In the early period, from March 2018 to June 2019, 75 patients

underwent EEA pituitary adenoma resection in our institution. Of the

75 patients, 43 (57.3%) were male, 32 (42.7%) were female. According

to the size of the tumor, 6 (8.0%) patients had amicroadenoma (<1cm),

52 (69.3%) patients had a macroadenoma (≥1cm, ≤2.5cm), and 17

patients (22.7%) had a giant adenoma (>2.5cm). There were 19 (25.3%)

patients who suffered from pituitary adenoma with cavernous sinus

(CS) and (or) suprasellar invasion. A total of four patients suffered from

recurrent pituitary adenoma in this group, and these patients had

undergone transsphenoidal pituitary adenoma surgery before.

In the late period, from January 2020 to December 2022, a total

of 125 patients underwent EEA pituitary adenoma resection in our

institution. Of the 125 patients, 68 (54.4%) were male and 57

(45.6%) were female. According to the size of the tumor, 12

(9.6%) patients had a microadenoma (<1cm), 68 (54.4%) patients

had a macroadenoma (≥1cm, ≤2.5cm), and 45 patients (36.0%) had

a giant adenoma (>2.5cm). There were 29 (23.2%) patients who

suffered from pituitary adenoma with cavernous sinus (CS) and (or)

suprasellar invasion. A total of eight patients suffered from

recurrent pituitary adenoma in this group, and these patients had

undergone transsphenoidal pituitary adenoma surgery before.
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2.2 Surgical technique

All patients underwent EEA to remove pituitary adenomas. The

preoperative evaluation, intraoperative positioning, and tumor

resection methods are consistent with the descriptions in our

previous article (12). All the patients underwent postoperative

pituitary function assessments on the first postoperative day. An

MRI scan with contrast was performed within 3 days or after

3 months.

2.2.1 Skull base reconstruction strategies in the
early period

If intraoperative CSF leak did not exist, only artificial dura

matter has been placed intradural. If the intraoperative CSF leak

existed without visible arachnoid defect, inlayer fat graft and

artificial dura matter were applied. If the intraoperative CSF leak

existed with visible arachnoid defect, inlayer fat graft, and artificial

dura matter, combined onlayer fascia lata graft were used. If

intraoperative suprasellar space, third ventricle, or internal carotid

artery (ICA) was exposed, inlayer fat graft and artificial dura matter,

onlayer fascia lata graft, and pedicled nasoseptal flap were used.

The nasal cavity was usually packed for 3 days. If the fascia lata

graft and pedicled nasoseptal flap were used, the nasal cavity was

packed for a week.

2.2.2 Skull base reconstruction strategies in the
late period

Artificial dura mater was placed intradural in all the patients.

However, intradural fat graft or muscle patty packing and dura

suturing were not performed. Artificial bone or autologous bone

fragments were not used.

The reconstruction methods for the epidural layer of the skull

base are as follows.

First, free nasal septummucosa flap or middle turbinate mucosa

flap was used in the following situations: when there is no apparent

cerebrospinal fluid leakage during the surgery; when a small

amount of intraoperative cerebrospinal fluid leakage was

observed, but there were no obvious tears on the arachnoid

membrane and sellar diaphragm; and when an evident

intraoperative cerebrospinal fluid leak was observed, with

apparent tears on the arachnoid membrane and sellar diaphragm,

meantime, the free nasal mucosa flap can completely cover the dura

defect of the sellar floor.

Free nasal septum mucosa flap can be harvested in the surgery

area. If we used the middle turbinate mucosa flap, it needs to be

peeled off from the removed middle turbinate before use, as shown

in Figure 1, paying attention to maintaining the integrity of the

mucosa flap and avoiding damage as much as possible when we peel

off the flap. No need to remove the bone of the middle turbinate.

The free middle turbinate mucosa flap usually has a side length of

approximately 2–3 cm, which is generally sufficient to repair the

sellar floor defect after pituitary adenoma surgery, as shown in

Figure 1. However, when encountering pituitary adenomas with

significant enlargement of the sellar floor and patients with small

middle turbinates, the free middle turbinate mucosal flap may not
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cover the dural gap of the sellar floor fully. Lay the free nasal

mucosal flap flat on the dura defect of the skull base, completely

covering it all around so that its edges come into contact with the

surrounding bone, as shown in Figure 2.

Second, fascia lata was used in the following situations: there

were apparent tears on the arachnoid membrane and sellar

diaphragm, but the free nasal mucosa flap could not fully cover

the dura defect of the skull base, or there was no available nasal

mucosa flap that can be harvested in the nasal cavity due to the

patient’s last surgery.

Third, Hadad–Bassagasteguy vascularized nasoseptal flap was

used in the following situations: for invasive pituitary tumors, the

suprasellar cistern or the third ventricular is exposed, resulting in

high-flow cerebrospinal fluid leak; invasive pituitary tumors
Frontiers in Oncology 03
required open tuberculum sellae, planum sphenoidale; and the

tumor invaded into the cavernous sinus, and the cavernous

segment of the internal carotid artery was exposed after tumor

removing. The method of vascularized nasoseptal flap harvesting

had been described in the relevant literature (13).

The edge of the free nasal mucosa flap, fascia lata, or vascularized

nasoseptal flap was covered with a small amount of hemostatic gauze

and gelfoam and sprayed with biological protein glue.

If the free nasal mucosa flap or fascia lata was used, the nasal

cavity should be packed with a sponge and removed 1–2 days after

the surgery. If a vascularized nasoseptal flap was used, the sphenoid

sinus and nasal cavity were packed with iodoform gauze and

removed 7 days after the surgery. The lumbar drain is not used

irregularly after surgery.
FIGURE 1

A middle turbinate was removed during surgery and the free middle turbinate mucosa flap was peeled off. (A) Middle turbinate. (B) Free middle
turbinate mucosa flap.
FIGURE 2

A free middle turbinate mucosa flap was used to reconstruct the sellar floor. (A) The pituitary tumor had been removed, and the defect of the sellar
diaphragm was packed with gelfoam. (B) The sellar floor was repaired with the free middle turbinate mucosa flap. A white asterisk indicates the
displaced pituitary gland, a black asterisk indicates the gelfoam, and a white arrow indicates the edge of the free middle turbinate mucosa flap.
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Within 1–2 months after surgery, patients were advised to avoid

actions such as coughing, sneezing, defecating, bending, and lifting

heavy objects that may instantly increase intracranial pressure.
3 Results

Complete removal of the tumor was considered to be gross

total resection (GTR), more than 95% removal was considered to be

near-total resection (NTR), 80%–95% removal was considered to

be sub-total resection (STR), and <80% removal was considered

to be partial resection (PR).

In the early period, of the 75 patients, GTR was achieved in 56

(74.7%) patients, NTR was achieved in 12 (16.0%) patients, STR was

achieved in 6 (8.0%) patients, PR was achieved in 1 (1.3%) patient.

The techniques used to reconstruct skull base in the late period

group are shown in Table 1. Two (2.7%) patients had postoperative

CSF leaks in this group. Intraoperative CSF leak existed in these two

patients but without visible arachnoid defect. Inlayer fat graft and

artificial dura matter were applied to repair the skull base for these

two patients. One patient was cured by placing a lumbar drain, and

one underwent operative repair twice and had meningitis, but the

outcome was good.

In the late period, of the 125 patients, GTR was achieved in 105

(84.0%) patients, NTR was achieved in 3 (2.4%) patients, STR was

achieved in 11 (8.8%) patients, and PR was achieved in 6 (4.8%)

patients. The techniques used to reconstruct skull base in the late

period group are shown in Table 2. No patient had postoperative

CSF leak in this group.
4 Discussion

Skull base reconstruction is an essential step in EEA pituitary

adenoma surgeries, especially in cases with intraoperative

cerebrospinal fluid leak. Proper skull base reconstruction is

crucial. Suppose the skull base cannot be properly repaired, it

may require further surgery and even severe consequences such

as secondary intracranial infection. There are significant differences

in skull base repair methods among different authors. Regarding

materials for skull base reconstruction, it includes various

autologous materials, such as muscle patty, fat graft, fascia lata,

free nasal mucosa flap, and pedicled nasal septal flap. Artificial

materials include artificial dura mater and artificial bone. These
Frontiers in Oncology 04
reconstruction materials’ usage and applicability vary significantly

among different authors.

The reconstruction materials can be divided into two categories

based on placement and function. One type is materials placed

intradural, such as muscle patty, fat graft, and artificial dura mater.

Their primary function is to repair the skull base through subdural

filling, which can prevent cerebrospinal fluid leak or at least reduce

cerebrospinal fluid flow. Another type is placed epidural to achieve

closure of skull base defects through adhesion and healing with the

skull base bone and dura, such as fascia lata, free nasal mucosa flap,

and pedicled nasal septal flap. Many surgeons use both types of

materials for multi-layer repair simultaneously (14–16).

Free nasal mucosa flap, such as free middle turbinate mucosa

flap and free nasal septummucosa flap, can play a perfect role in the

repair of the sellar floor, and the materials are easy to achieve (17,

18). Compared with the pedicled nasal septum flap, the free nasal

mucosa flap has no severe side effects or nasal complications. Before

the invention of the pedicled nasal septum flap, the free nasal

mucosa flap played an important role in the repair of the sellar floor

in EEA pituitary adenoma resection. The fascia lata is also a

commonly used material for repairing the sellar floor during EEA

pituitary adenoma resection, but the trauma of fascia lata harvesting

is significant (19). Generally, it is used when there is no available

free nasal mucosa or when the skull base defect is large and the free

nasal mucosa flap cannot fully cover the defect of the skull base.

The Hadad–Bassagasteguy vascularized nasoseptal flap is a

revolutionary technique for reconstructing the skull base.

Applying a vascularized nasoseptal flap is very important if a

high-flow cerebrospinal fluid leak exists (20). Harvesting the

vascularized nasoseptal flap can lead to nasal complications. The

majority of complications became manifest beyond the immediate

postoperative period and were associated with the septal donor site,

including septal perforation, prolonged crusting, and cartilage

necrosis (21). It should not be applied to all patients with

pituitary tumors. This study only harvested the pedicled

vascularized nasoseptal flap in patients with a high-flow

intraoperative CSF leak.

The intradural fat graft packing is a traditional method of skull

base repair, which can be used alone or in combination with other

materials mentioned above. Many surgeons use multiple layers of

materials for skull base reconstruction, meantime filling fat graft

intradurally (14, 16–19, 22). Intradural fat graft packing may

completely seal the skull base, or at least reduce cerebrospinal

fluid flow, and achieve skull base reconstruction by combining
TABLE 1 The skull base reconstruction techniques in the early stage.

Method Intraoperative CSF leak did not exist Intraoperative CSF leak exist Number

Artificial dura 53 0 53 (70.7%)

Fat graft and Artificial dura 0 14 14 (18.7%)

Fat graft, artificial dura, and fascia lata graft 0 4 4 (5.3%)

Fat graft, artificial dura, fascia graft, and pedicled nasoseptal
flap

0 4 4 (5.3%)

Total 53 22 75
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multiple layers repair (16, 23). We performed intradural fat graft

packing in the early period group. Intradural fat graft packing was

an effective method for repairing the skull base. However, there is

still a certain probability of postoperative cerebrospinal fluid leak

after intradural fat graft packing (24). Out of the 75 patients in our

early period group, two suffered postoperative cerebrospinal fluid

leak. Insufficient fat graft packing may not effectively seal the skull

base. The volume of fat graft packed will gradually decrease after

surgery (25). Insufficient filling and fat liquefaction absorption may

be the reasons for postoperative cerebrospinal fluid leakage caused

by only using fat graft to repair the skull base. Although many

authors adopt intradural fat graft packing, there is no clear

indication of the amount of fat graft used. Overpacking is also a

potential risk; it may cause compression of the optic chiasm and

optic nerve. Fat graft packing has its disadvantages. To harvest fat

graft needs extra incision, and it may bring complications. Fat graft

signal in the postoperative MRI can affect the evaluation of the

extent of tumor resection and tumor recurrence.

Considering the side effects of fat graft packing, we changed the

skull base reconstruction strategy to explore whether the fat graft

packing is an indispensable material for the skull base repair in EEA

pituitary adenoma resection in our late period group. Suppose there

was no obvious intraoperative cerebrospinal fluid leak or only low-flow

intraoperative cerebrospinal fluid leak. In that case, we used free

autogenous materials such as the middle turbinate mucosa flap, nasal

septummucosa flap, and fascia lata.We used the pedicled nasal septum

flap in case of a high-flow intraoperative cerebrospinal fluid leak or

huge skull base defect. When using these autologous materials for the

skull base repair, it was important to ensure that the skull base dura

defect was completely covered, and the edges were in contact with the

exposed skull base bone. We did not use fat graft or muscle patty for

intradural packing. We used artificial dura mater intradural to reduce

cerebrospinal fluid flow in all the cases. In our late period group, of the

125 patients, we completely abandoned intradural fat graft packing,

and there was no postoperative cerebrospinal fluid leak. In our late

period group, even if there was no obvious intraoperative cerebrospinal

fluid leak, we still used the free nasal mucosa flap for routine skull base

repair. Even if no apparent intraoperative cerebrospinal fluid leak was

observed, the possibility of postoperative cerebrospinal fluid leak still

existed (18, 23). The free nasal mucosa flap was harvested from the

surgical area and had no severe side effects. At least one layer of

reconstruction material was used in order to avoiding postoperative

cerebrospinal fluid leak. The skull base reconstruction strategies that we

adopted in the early and late periods had achieved good clinical results,
Frontiers in Oncology 05
indicating that intradural fat graft packing is not indispensable for the

skull base reconstruction during EEA pituitary adenoma resection.

Anyway, “less is more”; if intradural fat graft packing is not

indispensable in preventing postoperative cerebrospinal fluid leak, we

prefer to avoid this step.
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TABLE 2 The skull base reconstruction techniques in the late stage.

Method Intraoperative CSF leak did not exist Intraoperative CSF leak exist Number

Free nasal septum mucosa flap 18 3 21 (16.8%)
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Fascia lata graft 0 2 2 (8.0%)
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fro
ntiersin.org

https://doi.org/10.3389/fonc.2023.1222581
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wang et al. 10.3389/fonc.2023.1222581
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated
Frontiers in Oncology 06
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Jho HD, Carrau RL. Endoscopic endonasal transsphenoidal surgery: experience
with 50 patients. J Neurosurg (1997) 87(1):44–51. doi: 10.3171/jns.1997.87.1.0044

2. Wang F, Zhou T, Wei S, Meng X, Zhang J, Hou Y, et al. Endoscopic endonasal
transsphenoidal surgery of 1,166 pituitary adenomas. Surg Endosc (2015) 29(6):1270–
80. doi: 10.1007/s00464-014-3815-0

3. Koutourousiou M, Gardner PA, Fernandez-Miranda JC, Paluzzi A, Wang EW,
Snyderman CH. Endoscopic endonasal surgery for giant pituitary adenomas:
advantages and limitations. J Neurosurg (2013) 118(3):621–31. doi: 10.3171/
2012.11.JNS121190

4. Gondim JA, Almeida JP, Albuquerque LA, Schops M, Gomes E, Ferraz T, et al.
Endoscopic endonasal approach for pituitary adenoma: surgical complications in 301
patients. Pituitary (2011) 14(2):174–83. doi: 10.1007/s11102-010-0280-1

5. Paluzzi A, Fernandez-Miranda JC, Tonya Stefko S, Challinor S, Snyderman CH,
Gardner PA. Endoscopic endonasal approach for pituitary adenomas: a series of 555
patients. Pituitary (2014) 17(4):307–19. doi: 10.1007/s11102-013-0502-4

6. Singh H, Essayed WI, Cohen-Gadol A, Zada G, Schwartz TH. Resection of
pituitary tumors: endoscopic versus microscopic. J Neurooncol (2016) 130(2):309–17.
doi: 10.1007/s11060-016-2124-y

7. Little AS, Kelly DF, White WL, Gardner PA, Fernandez-Miranda JC, Chicoine
MR, et al. Results of a prospective multicenter controlled study comparing surgical
outcomes of microscopic versus fully endoscopic transsphenoidal surgery for
nonfunctioning pituitary adenomas: the Transsphenoidal Extent of Resection
(TRANSSPHER) Study. J Neurosurg (2019) 132(4):1043–53. doi: 10.3171/
2018.11.JNS181238

8. Guo S, Wang Z, Kang X, Xin W, Li X. A meta-analysis of endoscopic vs.
Microscopic transsphenoidal surgery for non-functioning and functioning pituitary
adenomas: comparisons of efficacy and safety. Front Neurol (2021) 12:614382.
doi: 10.3389/fneur.2021.614382

9. Di Maio S, Cavallo LM, Esposito F, Stagno V, Corriero OV, Cappabianca P.
Extended endoscopic endonasal approach for selected pituitary adenomas: early
experience. J Neurosurg (2011) 114(2):345–53. doi: 10.3171/2010.9.JNS10262

10. Garcia-Navarro V, Anand VK, Schwartz TH. Gasket seal closure for extended
endonasal endoscopic skull base surgery: efficacy in a large case series.World Neurosurg
(2013) 80(5):563–8. doi: 10.1016/j.wneu.2011.08.034

11. Baussart B, Venier A, Jouinot A, Reuter G, Gaillard S. Closure strategy for
endoscopic pituitary surgery: Experience from 3015 patients. Front Oncol (2023)
12:1067312. doi: 10.3389/fonc.2022.1067312

12. Tao C, Cheng G, Chen Y, Gu P, HuW. Early outcomes of endoscopic endonasal
approach pituitary adenomas resection with minimal nasal injury. Med (Baltimore).
(2021) 100(46):e27843. doi: 10.1097/MD.0000000000027843

13. Hadad G, Bassagasteguy L, Carrau RL, Mataza JC, Kassam A, Snyderman CH,
et al. A novel reconstructive technique after endoscopic expanded endonasal
approaches: vascular pedicle nasoseptal flap. Laryngoscope (2006) 116(10):1882–6.
doi: 10.1097/01.mlg.0000234933.37779.e4

14. Sigler AC, D’Anza B, Lobo BC, Woodard TD, Recinos PF, Sindwani R.
Endoscopic skull base reconstruction: an evolution of materials and methods.
Otolaryngol Clin North Am (2017) 50(3):643–53. doi: 10.1016/j.otc.2017.01.015

15. Conger A, Zhao F, Wang X, Eisenberg A, Griffiths C, Esposito F, et al. Evolution
of the graded repair of CSF leaks and skull base defects in endonasal endoscopic tumor
surgery: trends in repair failure and meningitis rates in 509 patients. J Neurosurg (2018)
130(3):861–75. doi: 10.3171/2017.11.JNS172141

16. Cavallo LM, Solari D, Somma T, Cappabianca P. The 3F (Fat, flap, and flash)
technique for skull base reconstruction after endoscopic endonasal suprasellar
approach. World Neurosurg (2019) 126:439–46. doi: 10.1016/j.wneu.2019.03.125

17. El-Banhawy OA, Halaka AN, El-Dien AE, Ayad H. Sellar floor reconstruction
with nasal turbinate tissue after endoscopic endonasal transsphenoidal surgery for
pituitary adenomas. Minim Invasive Neurosurg (2003) 46(5):289–92. doi: 10.1055/s-
2003-44453

18. Scagnelli RJ, Patel V, Peris-Celda M, Kenning TJ, Pinheiro-Neto CD.
Implementation of free mucosal graft technique for sellar reconstruction after
pituitary surgery: outcomes of 158 consecutive patients. World Neurosurg (2019)
122:e506–11. doi: 10.1016/j.wneu.2018.10.090

19. Berker M, Aghayev K, Yücel T, Hazer DB, Onerci M. Management of
cerebrospinal fluid leak during endoscopic pituitary surgery. Auris Nasus Larynx
(2013) 40(4):373–8. doi: 10.1016/j.anl.2012.11.006

20. Clavenna MJ, Turner JH, Chandra RK. Pedicled flaps in endoscopic skull base
reconstruction: review of current techniques. Curr Opin Otolaryngol Head Neck Surg
(2015) 23(1):71–7. doi: 10.1097/MOO.0000000000000115

21. Soudry E, Psaltis AJ, Lee KH, Vaezafshar R, Nayak JV, Hwang PH.
Complications associated with the pedicled nasoseptal flap for skull base
reconstruction. Laryngoscope (2015) 125(1):80–5. doi: 10.1002/lary.24863

22. Ziu M, Jimenez DF. The history of autologous fat graft use for prevention of
cerebrospinal fluid rhinorrhea after transsphenoidal approaches. World Neurosurg
(2013) 80(5):554–62. doi: 10.1016/j.wneu.2012.08.001

23. Ahn S, Park JS, Kim DH, Kim SW, Jeun SS. Surgical experience in prevention of
postoperative CSF leaks using abdominal fat grafts in endoscopic endonasal
transsphenoidal surgery for pituitary adenomas. J Neurol Surg B Skull Base (2021) 82
(5):522–7. doi: 10.1055/s-0040-1712179

24. Roca E, Penn DL, Safain MG, Burke WT, Castlen JP, Laws ER. Abdominal fat
graft for sellar reconstruction: retrospective outcomes review and technical note. Oper
Neurosurg (Hagerstown) (2019) 16(6):667–74. doi: 10.1093/ons/opy219

25. d’Avella E, Solari D, De Rosa A, Elefante A, Tortora F, Esposito F, et al. The fate
of fat graft in extended endoscopic transtuberculum-transplanum approaches. World
Neurosurg (2022) 167:e590–9. doi: 10.1016/j.wneu.2022.08.059
frontiersin.org

https://doi.org/10.3171/jns.1997.87.1.0044
https://doi.org/10.1007/s00464-014-3815-0
https://doi.org/10.3171/2012.11.JNS121190
https://doi.org/10.3171/2012.11.JNS121190
https://doi.org/10.1007/s11102-010-0280-1
https://doi.org/10.1007/s11102-013-0502-4
https://doi.org/10.1007/s11060-016-2124-y
https://doi.org/10.3171/2018.11.JNS181238
https://doi.org/10.3171/2018.11.JNS181238
https://doi.org/10.3389/fneur.2021.614382
https://doi.org/10.3171/2010.9.JNS10262
https://doi.org/10.1016/j.wneu.2011.08.034
https://doi.org/10.3389/fonc.2022.1067312
https://doi.org/10.1097/MD.0000000000027843
https://doi.org/10.1097/01.mlg.0000234933.37779.e4
https://doi.org/10.1016/j.otc.2017.01.015
https://doi.org/10.3171/2017.11.JNS172141
https://doi.org/10.1016/j.wneu.2019.03.125
https://doi.org/10.1055/s-2003-44453
https://doi.org/10.1055/s-2003-44453
https://doi.org/10.1016/j.wneu.2018.10.090
https://doi.org/10.1016/j.anl.2012.11.006
https://doi.org/10.1097/MOO.0000000000000115
https://doi.org/10.1002/lary.24863
https://doi.org/10.1016/j.wneu.2012.08.001
https://doi.org/10.1055/s-0040-1712179
https://doi.org/10.1093/ons/opy219
https://doi.org/10.1016/j.wneu.2022.08.059
https://doi.org/10.3389/fonc.2023.1222581
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Intradural fat graft packing is not indispensable in preventing postoperative cerebrospinal fluid leakage in endoscopic endonasal pituitary adenoma surgeries
	1 Introduction
	2 Methods
	2.1 Patients
	2.2 Surgical technique
	2.2.1 Skull base reconstruction strategies in the early period
	2.2.2 Skull base reconstruction strategies in the late period


	3 Results
	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


