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Abstract

:

Background and Objectives: Skull base reconstruction is a crucial step during transsphenoidal surgery. Sphenoid mucosa is a mucosal membrane located in the sphenoid sinus. Preservation and lateral shifting of sphenoid mucosa as sphenoid mucosal flap (SMF) during the transsphenoidal exposure of the sella may be important for later closure. This is the first systematic review to evaluate the utility of sphenoid mucosal flap for sellar reconstruction after transsphenoidal surgery. Materials and Methods: A systematic literature search was performed in January 2023: Cochrane, EMBASE, PubMed, Scopus, and Web of Science. The following keywords and their combinations were used: “sphenoid mucosa”, “sphenoid sinus mucosa”, “sphenoid mucosal flap”, “sphenoid sinus mucosal flap”. From a total number of 749 records, 10 articles involving 1671 patients were included in our systematic review. Results: Sphenoid sinus mucosa used to be applied for sellar reconstruction as either a vascularized pedicled flap or as a free flap. Three different types of mucosal flaps, an intersinus septal flap, a superiorly based flap and an inferiorly based flap, were described in the literature. Total SMF covering compared to partial or no SMF covering in sellar floor reconstruction resulted in fewer postoperative CSF leaks (p = 0.008) and a shorter duration of the postoperative lumbar drain (p = 0.003), if applied. Total or partial SMF resulted in fewer local complications (p = 0.012), such as fat graft necrosis, bone graft necrosis, sinusitis or fungal infection, in contrast to no SMF implementation. Conclusions: SMF seems to be an effective technique for skull base reconstruction after transsphenoidal surgery, as it can reduce the usage of avascular grafts such as fat along with the incidence of local complications, such as fat graft necrosis, bone graft necrosis, sinusitis and fungal infection, or it may improve the sinonasal quality of life by maintaining favorable wound healing through vascular flap and promote the normalization of the sphenoid sinus posterior wall. Further clinical studies evaluating sphenoid mucosal flap preservation and application in combination with other techniques, particularly for higher-grade CSF leaks, are required.
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1. Introduction


Sellar reconstruction is a crucial step during transsphenoidal surgery and may be associated with various complications, such as CSF leak, meningitis, pituitary abscess, rhinosinusitis, sinonasal mucocele or pyocele [1,2,3,4]. This procedure remains technically challenging, and the success rate depends on the defect size, intraoperative grade of CSF leakage, along with the selected operative techniques [5]. Various reconstruction techniques, such as avascular grafts (composite septal cartilage graft, muscle graft, fat graft or fascia lata graft), vascular flaps (nasoseptal mucosal flap, middle turbinate flap or anterior lateral nasal wall flap), artificial or bovine/equine dural substitutes (polydioxanone foil, Duragen, polytetrafluoroethylene, Duraform, Durafurm, TissuDura), lumbal drainage, hemostatic agents (oxidative cellulose, gelatine-thrombin matrix, Surgicel, Gelfoam, TachoComb, TachoSil, Greenplast, Evicel and other fibrin sealants) or combined techniques have been described [6,7,8,9,10,11,12,13,14,15,16,17,18,19,20].



The sphenoid sinus is air-filled space within sphenoid bone and lined with mucosal membrane commonly known as sphenoid mucosa. Preservation and lateral shifting of the sphenoid mucosal flap during the transsphenoidal exposure of the sella may be important, as several studies reported the advantage of sphenoid mucosal flap (SMF) application for skull base reconstruction after transsphenoidal surgery [17,18,21,22,23,24,25,26,27,28].



This is the first systematic review to evaluate the utility of SMF for skull base reconstruction after transsphenoidal surgery.




2. Methods


2.1. Search Strategy


A systematic literature review based on Cochrane, EMBASE, PubMed, Scopus, and Web of Science databases was performed in May 2023 according to ENTREQ guidelines (see Table S1 and Figure 1) by two independent reviewers (P.S. and M.P.) [29].



The following keywords and their combinations were used: “sphenoid mucosa”, “sphenoid sinus mucosa”, “sphenoid mucosal flap”, “sphenoid sinus mucosal flap”. Duplicate articles were excluded. The study was not registered in any systematic review database.




2.2. Study Selection


Eligibility criteria were: (1) original articles until 5 May 2023; (2) English only; (3) application of sphenoid mucosal flap after transsphenoidal surgery.




2.3. Quality Appraisal


Quality appraisal using Critical Appraisal Skills Program (CASP) guidelines was conducted for all potentially relevant studies by two reviewers (P.S. and M.P.) [30]. Each selected study was appraised for quality and internal validity according to the CASP checklist (see Table S2) for qualitative research. The CASP checklist contains 10 questions to assess the quality of qualitative research.




2.4. Data Extraction


Extracted data with an overview of included studies are presented in Table 1 and Table 2. For the organization of extracted data, a unified matrix was utilized to record specific characteristics of included studies. Extracted data comprised: reference details (author, year, title, journal/publisher), objectives or aims of the study, study design, ethics (how ethical issues were addressed), sampling methodology, sample size, indication for sellar reconstruction, anatomical aspects, description of operative technique, complications and outcome after surgery. All calculations were performed on Microsoft Excel (version 2019; Microsoft).




2.5. Data Synthesis


Thematic synthesis is a well-established analytical technique for qualitative research and commonly published according to ENTREQ reporting guidelines [29].



During readings of the studies, similar findings were coded into descriptive themes (see Table S3) within and across studies. The process of acquiring the descriptive themes from initial codes was inductive to assessing previously researched phenomena. Two reviewers were involved in the coding and analysis (P.S. and M.P.).




2.6. Classification of Sellar Defect


The CSF leak and extension of skull base defect were classified according to the Esposito-Kelly grading system [31].





3. Results


We identified 749 studies after removing duplicates and excluded 741 studies for the following reasons: (1) the title and/or abstract did not match selection criteria; (2) studies were irrelevant when applied to inclusion criteria. In addition, we included two studies after a related article search. As a result, we included 10 studies in the qualitative synthesis.



3.1. Operative Technique


Sphenoid sinus mucosa used to be applied for sellar reconstruction as either a well-vascularized pedicled flap or as a free flap, which can be subsequently sutured or stuck with fibrin glue covering the laceration or larger defect [21]. Three different types of sphenoid mucosal flaps, the intersinus septal mucosal flap, a superiorly based mucosal flap and an inferiorly based mucosal flap, were already described by Yoon and colleagues (see Figure 2) [28]. The intersinus septal mucosal flap was the most common and predominantly performed one after primary procedures. The superiorly based mucosal flap along with the inferiorly based mucosal flap were harvested mainly after multiple surgeries without an intersinus septum or in cases with multiple septums [28]. Furthermore, isolation of more than one flap and closure in a multi-layered fashion is possible [23]. SMF could be successfully implemented either by absence or small CSF leak as a stand-alone or in a combined technique for larger ones [17,18,21,22,23,24,25,26,27,28].




3.2. Advantages


When compared to partial or no SMF covering, total SMF covering in sellar floor reconstruction resulted in fewer postoperative CSF leaks (p = 0.008) and a shorter duration of the postoperative lumbar drain (p = 0.003) [28]. Total or partial SMF resulted in fewer local complications (p = 0.012), such as fat graft necrosis, bone graft necrosis, sinusitis or fungal infection, in contrast to no SMF implementation [28]. Application of SMF may also reduce the usage of fat grafts and the risk of associated necrosis [21,28]. SMF also promotes the normalization of the sphenoid sinus posterior wall [26]. Sellar reconstruction with SMF results in a better sinonasal QoL compared to NSF, as measured by the SNOT-22 Score for the first 6 weeks postoperatively (p < 0.05) [22]. The advantages of SMF are presented in Figure 3.




3.3. Limitations


The anatomy of sphenoid sinus and sphenoid mucosa is variable and may limit the application of SMF. Mucosal thickness may vary from being very dense and elastic, suitable for dura and bone defect reconstruction, to being skinny and fragile, susceptible to tearing by bony ridges of the sphenoid sinus or any surgical manipulation [21,23]. Anatomical variants such as Onodi cells or multiple intersphenoidal septa were described as limiting the usage of SMF [22]. Mucosal quality and its utility for sella repair can be limited by infections or infrasellar tumor invasion, where not only the sella turcica is being destructed but also sphenoid mucosa [21,22]. A worse mucosal quality with partial SMF covering is associated with a higher risk of CSF leak [28]. Postoperative irradiation may also interrupt the healing process, resulting in a delayed CSF leak [21]. Another issue is invagination of SMF after sellar reconstruction, which may be a result of increased intracranial pressure by sneezing, blowing the nose during the early healing process and/or an incompletely unfolded sphenoid mucosa during sellar floor reconstruction [27]. Clinically, it may be associated with a reduced improvement of postoperative headaches during early follow-up [27]. Limitations of SMF are summarized in Figure 4.





4. Discussion


4.1. Clinical Significance


Our systematic review presents the utility of SMF for sellar reconstruction after transsphenoidal surgery. SMF is a vascularized flap similar to the nasoseptal mucosal flap, middle turbinate flap or anterior lateral nasal wall flap. All these flaps present with a lower risk of necrosis, lower risk of CSF leak and support a better healing process compared to avascular grafts [32,33]. However the usage of NSF and MTF alters the physiological nasal or sphenoidal passage and may be associated with additional adverse effects, such as nasal fossa synechia, internal nasal valve failure, nasal dorsum collapse or septal perforation, while also lowering the sinonasal quality of life compared to SMF [21,22,34,35]. For small CSF leaks, both SMF and NSF have a comparable risk of CSF leak, and SMF may be applied as a stand-alone [22]. In the case of higher grades of CSF leak, SMF application alone may be insufficient, and the implementation of NSF along with other techniques such as multilayered closure may be necessary [21,22,25,36]. Avascular grafts, such as fat, muscle or fascia lata grafts, are usually implanted in the case of a lower risk or CSF rhinorrhoea and reveal a higher risk of local complications than SMF, such as necrosis or infections [28,36]. SMF application can reduce the usage rate of fat graft and the duration of lumbar drain for CSF leak [21,28]. Studies with sellar reconstruction using biomaterials (dural substitutes and hemostatic agents) disclosed a similar efficacy regarding CSF leaks and a more favorable side-effect profile compared to avascular grafts (fat or fascia lata graft) [14,15,16,19,20,37].



Preserved SMFs maintain the physiological restoration of the posterior sphenoid sinus wall and facilitate exploration through a potential reoperation [26,27]. Preoperative planning is not only essential for a surgical approach but also for preparing the strategy for sellar reconstruction. The presence of thin and fragile mucosa susceptible to tearing, Onodi cells, multiple intersphenoidal septa or pathological states, such as mucosal tumor invasion or previous infection, may restrict the application of SMF [21,22,28]. Invagination of SMF after sellar reconstruction remains a clinical issue [27]. To prevent this condition, the implementation of rigid materials resistant to physical pressure is recommended [27,37].




4.2. Limitations


Our review was limited by several aspects. Most of the included studies were non-comparative and investigated the application of SMF in combination with other techniques. As a consequence, the direct impact and significance of SMF for sellar floor reconstruction could not be quantified. Comparative studies were restricted by the small number of sample sizes and their retrospective nature. Therefore, correlations requiring prospective data, larger cohorts and more detailed information could not be conducted.




4.3. Perspectives


Future investigations should focus on a more comprehensive clinical and morphological analysis of sphenoid mucosa including different inter-patient anatomical variations to reveal the significance of its restoration and the potential limitation of SMF. To accomplish the highest grade of evidence, multicentric randomized controlled trials shall be designed.





5. Conclusions


The sphenoid mucosal flap (SMF) seems to be an effective technique for skull base reconstruction after transspenoidal surgery, as it can reduce the usage of avascular grafts, such as fat, along with the incidence of local complications, such as fat graft necrosis, bone graft necrosis, sinusitis or fungal infection, and may improve the sinonasal quality of life by maintaining favorable wound healing through the vascular flap and promote the normalization of the sphenoid sinus posterior wall. Further clinical studies evaluating sphenoid mucosal flap preservation and application in combination with other techniques, especially for higher-grade CSF leaks, are required.








Supplementary Materials


The following supporting information can be downloaded at: https://doi.org/10.3390/medicina60020282/s1, Table S1: Reporting guideline checklist; Table S2: CASP Checklist; Table S3: Literature quotations.





Author Contributions


Conceptualization, P.S. and R.R.; methodology, P.S. and R.R.; software, P.S. and M.P.; validation, P.S. and M.P.; formal analysis, P.S. and M.P.; investigation, P.S. and M.P.; Resources, P.S. and M.P.; data curation, P.S. and M.P.; writing—original draft preparation, P.S.; writing—review and editing, P.S. and R.R.; visualization, P.S.; supervision, J.R., J.F. and R.R.; project administration, P.S. and R.R.; funding acquisition, R.R. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The data presented in this study are available on request from the corresponding author (accurately indicate status).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Giordano, M.; Gerganov, V.M.; Draf, W.; Fahlbusch, R. Sphenoid sinus pyocele after transsphenoidal approach for pituitary adenoma. Pituitary 2012, 15, 188–192. [Google Scholar] [CrossRef]

	



Li, Z.; Yang, C.; Bao, X.; Yao, Y.; Feng, M.; Deng, K.; Liu, X.; Xing, B.; Wang, R. Clinical Features and Treatment of Secondary Pituitary Abscess After Transsphenoidal Surgery: A Retrospective Study of 23 Cases. World Neurosurg. 2018, 113, e138–e145. [Google Scholar] [CrossRef]

	



Lu, Y.J.; Chang, C.N.; Pai, P.C.; Wei, K.C.; Chuang, C.C. Isolated sphenoid sinusitis or mucocele: A potential complication of endonasal transsphenoidal surgery. J. Neuro-Oncol. 2009, 91, 63–67. [Google Scholar] [CrossRef] [PubMed]

	



Sanders-Taylor, C.; Anaizi, A.; Kosty, J.; Zimmer, L.A.; Theodosopoulos, P.V. Sellar Reconstruction and Rates of Delayed Cerebrospinal Fluid Leak after Endoscopic Pituitary Surgery. J. Neurol. Surg. Part B Skull Base 2015, 76, 281–285. [Google Scholar] [CrossRef] [PubMed]

	



Tosun, F.; Carrau, R.L.; Snyderman, C.H.; Kassam, A.; Celin, S.; Schaitkin, B. Endonasal endoscopic repair of cerebrospinal fluid leaks of the sphenoid sinus. Arch. Otolaryngol. Head Neck Surg. 2003, 129, 576–580. [Google Scholar] [CrossRef] [PubMed]

	



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. [Google Scholar] [CrossRef] [PubMed]

	



Bhatki, A.M.; Pant, H.; Snyderman, C.H.; Carrau, R.L.; Kassam, A.B.; Prevedello, D.M.; Gardner, P. Reconstruction of the cranial base after endonasal skull base surgery: Local tissue flaps. Oper. Tech. Otolaryngol. Head Neck Surg. 2010, 21, 74–82. [Google Scholar] [CrossRef]

	



Freyschlag, C.F.; Goerke, S.A.; Obernauer, J.; Kerschbaumer, J.; Thomé, C.; Seiz, M. A Sandwich Technique for Prevention of Cerebrospinal Fluid Rhinorrhea and Reconstruction of the Sellar Floor after Microsurgical Transsphenoidal Pituitary Surgery. J. Neurol. Surg. Part A Central Eur. Neurosurg. 2016, 77, 229–232. [Google Scholar] [CrossRef] [PubMed]

	



Garcia-Navarro, V.; Anand, V.K.; Schwartz, T.H. Gasket seal closure for extended endonasal endoscopic skull base surgery: Efficacy in a large case series. World Neurosurg. 2013, 80, 563–568. [Google Scholar] [CrossRef] [PubMed]

	



Hannan, C.J.; Kelleher, E.; Javadpour, M. Methods of Skull Base Repair Following Endoscopic Endonasal Tumor Resection: A Review. Front. Oncol. 2020, 10, 1614. [Google Scholar] [CrossRef]

	



Mehta, G.U.; Oldfield, E.H. Prevention of intraoperative cerebrospinal fluid leaks by lumbar cerebrospinal fluid drainage during surgery for pituitary macroadenomas: Clinical article. J. Neurosurg. 2012, 116, 1299–1303. [Google Scholar] [CrossRef] [PubMed]

	



El-Sayed, I.H.; Roediger, F.C.; Goldberg, A.N.; Parsa, A.T.; McDermott, M.W. Endoscopic reconstruction of skull base defects with the nasal septal flap. Skull Base 2008, 18, 385–394. [Google Scholar] [CrossRef] [PubMed]

	



El Shazly, A.; El Wardany, M.; Abo El Ezz, T. Sellar repair with autologous muscle and composite septal cartilage grafts for treatment of cerebrospinal fluid leakage following trans-sphenoidal pituitary surgery. Asian J Neurosurg. 2016, 11, 433–439. [Google Scholar] [CrossRef] [PubMed]

	



Sherman, J.H.; Pouratian, N.; Okonkwo, D.O.; Jane, J.A.; Laws, E.R. Reconstruction of the sellar dura in transsphenoidal surgery using an expanded polytetrafluoroethylene dural substitute. Surg Neurol. 2008, 69, 73–76. [Google Scholar] [CrossRef] [PubMed]

	



Soneru, C.P.; Riley, C.A.; Minkowitz, S.; Tabaee, A.; Anand, V.K.; Schwartz, T.H. Adherus Dural Sealant in Endoscopic Skull Base Surgery: Safety, Imaging Characteristics, and Sinonasal Quality of Life. J. Neurol. Surg. Part B Skull Base 2020, 81, 659–663. [Google Scholar] [CrossRef] [PubMed]

	



Cappabianca, P.; Esposito, F.; Cavallo, L.M.; Messina, A.; Solari, D.; di Somma, L.G.; de Divitiis, E. Use of equine collagen foil as dura mater substitute in endoscopic endonasal transsphenoidal surgery. Surg Neurol. 2006, 65, 144–148. [Google Scholar] [CrossRef]

	



Lee, I.H.; Kim, D.H.; Park, J.S.; Jeun, S.S.; Hong, Y.K.; Kim, S.W. Cerebrospinal fluid leakage repair of various grades developing during endoscopic transnasal transsphenoidal surgery. PLoS ONE 2021, 16, e0248229. [Google Scholar] [CrossRef]

	



Park, J.H.; Choi, J.H.; Kim YIl Kim, S.W.; Hong, Y.K. Modified graded repair of cerebrospinal fluid leaks in endoscopic endonasal transsphenoidal surgery. J. Korean Neurosurg. Soc. 2015, 58, 36–42. [Google Scholar] [CrossRef]

	



Burkett, C.J.; Patel, S.; Tabor, M.H.; Padhya, T.; Vale, F.L. Polyethylene glycol (PEG) hydrogel dural sealant and collagen dural graft matrix in transsphenoidal pituitary surgery for prevention of postoperative cerebrospinal fluid leaks. J. Clin. Neurosci. 2011, 18, 1513–1517. [Google Scholar] [CrossRef]

	



Chaskes, M.B.; Barton, B.; Karsy, M.; Chitguppi, C.; McKnight, T.; McCambridge, J.; Flanders, A.; Toskala, E.; Rabinowitz, M.R.; Nyquist, G.G.; et al. An algorithm for sellar reconstruction following endoscopic transsphenoidal surgery for pituitary adenoma: A review of 582 cases. Int. Forum Allergy Rhinol. 2022, 12, 1120–1130. [Google Scholar] [CrossRef]

	



Amano, K.; Hori, T.; Kawamata, T.; Okada, Y. Repair and prevention of cerebrospinal fluid leakage in transsphenoidal surgery: A sphenoid sinus mucosa technique. Neurosurg. Rev. 2016, 39, 123–131. [Google Scholar] [CrossRef] [PubMed]

	



Castle-Kirszbaum, M.; Wang, Y.Y.; Uren, B.; Dixon, B.; Rimmer, J.; King, J.; Zhao, Y.C.; Goldschlager, T. Closure of skull base defects after endoscopic endonasal transsphenoidal surgery: The role of the local sphenoid mucosal flap for low flow leaks. Neurosurg. Rev. 2022, 45, 429–437. [Google Scholar] [CrossRef] [PubMed]

	



Goel, A.; Muzumdar, D.P. Reconstruction of the sella floor using vascularized pedicled mucosal flap. Br. J. Neurosurg. 2003, 17, 553–555. [Google Scholar] [CrossRef] [PubMed]

	



Goljo, E.; Kinberg, E.; Stepan, K.; Gregory, J.K.; Iloreta, A.M.; Govindaraj, S.; Zou, H. Reconstruction of a skull base defect after endoscopic endonasal resection of a pituitary adenoma: Sphenoid mucosal flaps. Am. J. Otolaryngol. Head Neck Med. Surg. 2018, 39, 253–256. [Google Scholar] [CrossRef]

	



Hara, T.; Akutsu, H.; Yamamoto, T.; Tanaka, S.; Takano, S.; Ishikawa, E.; Matsuda, M.; Matsumura, A. Cranial base repair using suturing technique combined with a mucosal flap for cerebrospinal fluid leakage during endoscopic endonasal surgery. World Neurosurg. 2015, 84, 1887–1893. [Google Scholar] [CrossRef] [PubMed]

	



Jeong, C.Y.; Hong, Y.; Jeun, S.; Park, J.; Kim, S.W.; Cho, J.H.; Park, Y.J.; Kim, D.H.; Kim, S.W. Changes in the Sphenoid Bone Encountered During the Endoscopic Endonasal Transsphenoidal Approach. Laryngoscope 2022, 132, 965–972. [Google Scholar] [CrossRef] [PubMed]

	



Kim, D.H.; Hong, Y.-K.; Jeun, S.-S.; Park, J.-S.; Jung, K.H.; Kim, S.W.; Cho, J.H.; Park, Y.J.; Kang, Y.J.; Kim, S.W. Invagination of the sphenoid sinus mucosa after endoscopic endonasal transsphenoidal approach and its significance. PLoS ONE 2016, 11, e0162836. [Google Scholar] [CrossRef] [PubMed]

	



Yoon, T.M.; Lim, S.C.; Jung, S. Utility of sphenoid mucosal flaps in transnasal transsphenoidal surgery. Acta Oto-Laryngol. 2008, 128, 785–789. [Google Scholar] [CrossRef]

	



Tong, A.; Flemming, K.; McInnes, E.; Oliver, S.; Craig, J. Enhancing transparency in reporting the synthesis of qualitative research: ENTREQ. BMC Med. Res. Methodol. 2012, 12, 181. [Google Scholar] [CrossRef]

	



CASP. Critical Appraisal Skills Programme. CASP Qualitative Checklist. 2018. Available online: https://casp-uk.net/ (accessed on 17 December 2023).

	



Esposito, F.; Dusick, J.R.; Fatemi, N.; Kelly, D.F. Graded repair of cranial base defects and cerebrospinal fluid leaks in transsphenoidal surgery. Neurosurgery 2007, 60 (Suppl. S2), 295–304. [Google Scholar] [CrossRef]

	



Harvey, R.J.; Parmar, P.; Sacks, R.; Zanation, A.M. Endoscopic skull base reconstruction of large dural defects: A Systematic Review of Published Evidence. Laryngoscope 2012, 122, 452–459. [Google Scholar] [CrossRef]

	



Patel, M.R.; Stadler, M.; Snyderman, C.H.; Carrau, R.L.; Kassam, A.B.; Germanwala, A.V.; Gardner, P.; Zanation, A.M. How to choose? Endoscopic skull base reconstructive options and limitations. J. Neurol. Surg. Part B Skull Base 2010, 20, 397–404. [Google Scholar] [CrossRef]

	



Dolci, R.L.L.; Miyake, M.M.; Tateno, D.A.; Cançado, N.A.; Campos, C.A.C.; dos Santos, A.R.L.; Lazarini, P.R. Postoperative otorhinolaryngologic complications in transnasal endoscopic surgery to access the skull base. Braz. J. Otorhinolaryngol. 2017, 83, 349–355. [Google Scholar] [CrossRef] [PubMed]

	



Lavigne, P.; Faden, D.L.; Wang, E.W.; Snyderman, C.H. Complications of Nasoseptal Flap Reconstruction: A Systematic Review. J Neurol Surg B Skull Base. 2018, 79, S291–S299. [Google Scholar] [CrossRef] [PubMed]

	



Lavigne, P.; Faden, D.L.; Wang, E.W.; Snyderman, C.H. Skull base repair following endonasal pituitary and skull base tumour resection: A systematic review. Pituitary 2021, 24, 698–713. [Google Scholar] [CrossRef]

	



Locatelli, D.; Vitali, M.; Custodi, V.M.; Scagnelli, P.; Castelnuovo, P.; Canevari, F.R. Endonasal approaches to the sellar and parasellar regions: Closure techniques using biomaterials. Acta Neurochir. 2009, 151, 1431–1437. [Google Scholar] [CrossRef]








[image: Medicina 60 00282 g001] 





Figure 1. ENTREQ flow diagram for selected studies. 
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Figure 2. Illustration of different sphenoid mucosal flaps. (a,d) Normal preoperative sphenoid and sellar anatomy. (b) Superiorly and (c) inferiorly based mucosal flaps. (e) The most common intersinus septal mucosal flap. 
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Figure 3. Advantages of SMF application. 
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Figure 4. Limitations of SMF application. 
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Table 1. Summary of all SMF studies’ characteristics.
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Authors (Year)

	
N

	
Indication

	
Only SMF or Combined Technique

	
Technique

	
Successful Attempts (%)






	
Amano et al. [21]

	
295

	
CSF-Leak Grade 1, 2 and 3

	
Only SMF/SSM (sphenoid sinus mucosa) patch

or

combined

	
SSM patching (partially with suturing), SMF or combination of SSM patching and SMF with/without fat or fascia graft

	
293 (99.3%)




	
Castle-Kirszbaum et al. [22]

	
127

	
CSF-Leak Grade 0, 1

	
combined

	
Oxidized cellulose (37.8%), Gelatine sponge (23.6%), Autologous fat (8.7%), Polyethylene glycol hydrogel (18.1%), Fibrin sealant (44.9%), Gelatine-thrombin matrix (4.7%), Nasal tampons (37.8%), SMF

	
CSF-Leak Grade 0

	
98 (98%)




	
CSF-Leak Grade 1

	
27 (100%)




	
Goel et al. [23]

	
42

	
N/A

	
combined

	
Gelfoam, bone chips, SMF

	
31 (73.8%)




	
Goljo et al. [24]

	
1

	
CSF-Leak Grade 1

	
combined

	
Duragen, SMF, Surgicel, Gelfoam, Evicel

	
1 (100%)




	
Hara et al. [25]

	
81

	
CSF-Leak Grade 1 and 2

	
combined

	
Gelfoam, fibrin glue, fat graft, SMF, dural sutures

	
CSF-Leak Grade 1

	
51 (100%)




	
CSF-Leak Grade 2

	
30 (100%)




	
Jeong et al. [26]

	
37

	
CSF-Leak Grade 0

	
with/without SMF

	
SMF

	
13 with SMF

	
13 (100%)




	
24 without SMF

	
24 (100%)




	
Kim et al. [27]

	
155

	
CSF-Leak Grade 0

	
only SMF

	
SMF

	
8 patients with SMF invagination

	
8 (100%)




	
147 patients without SMF invagination

	
147 (100%)




	
Lee et al. [17]

	
827

	
CSF-Leak Grade 0, 1 and 2

	
combined

	
CSF-Leak Grade 0: oxidative cellulose, SMF, Greenplast

	
CSF-Leak Grade 0

	
609 (100%)




	
CSF-Leak Grade 1: oxidative cellulose, Duraform or fat, SMF, DuraSeal

	
CSF-Leak Grade 1

	
129 (95.6%)




	
CSF-Leak Grade 2: oxidative cellulose, Duraform or fat, SMF, DuraSeal

	
CSF-Leak Grade 2

	
76 (91.6%)




	
Park et al. [18]

	
38

	
CSF-Leak Grade 1 and 2a

	
combined

	
CSF-Leak Grade 1: Duraform, Surgicel, epidural septal bone, SMF, DuraSeal

	
CSF-Leak Grade 1

	
29 (100%)




	
CSF-Leak Grade 2a: TachoComb, Duraform, Surgicel, epidural septal bone, SMF, DuraSeal

	
CSF-Leak Grade 2a

	
9 (100%)




	
Yoon et al. [28]

	
43

total SMF-covering

	
Both no intraoperative and intraoperative CSF Leak

	
combined

	
No CSF-Leak

	
Gelfoam, Fibrin sealant, SMF

	
37 (100%)




	
CSF-Leak

	
Gelfoam, Fibrin sealant, SMF, fat graft, lumbar drain

	
6 (100%)




	
25

partial or no SMF covering

	
No CSF-Leak

	
Gelfoam, Fibrin sealant, partial or no SMF

	
13 (92.9%)




	
CSF-Leak

	
Gelfoam, Fibrin sealant, partial or no SMF, fat graft, lumbar drain

	
6 (54.5%)








N = number of patients in a study; Indication for sellar reconstruction was defined as a grade of CSF leak according to Esposito–Kelly grading system [31].













 





Table 2. Comparative studies regarding SMF.






Table 2. Comparative studies regarding SMF.





	
Authors

	
Comparison

	
Results






	
Amano et al. [21]

	
SMF with or without fat graft

	

	-

	
reduced usage rate of fat graft after SMF (p = 0.00021)










	
Castle-Kirszbaum et al. [22]

	
SMF vs. NSF

	

	-

	
better sinonasal QoL after SMF compared to NSF up to 6 weeks postoperative (p < 0.05)




	-

	
comparable risk of CSF leak between SMF and NSF, 98.4% vs. 100%, respectively










	
Jeong et al. [26]

	
with vs. without SMF

	

	-

	
significantly smaller postoperative volume in the SMF group than in the control group (p = 0.012)




	-

	
smaller volume difference (postoperative minus preoperative) in the SMF group than in the control group (p = 0.046)










	
Kim et al. [27]

	
invagination of SMF vs. controls

	

	-

	
reduced improvement of postoperative headaches by invagination of SMF (p = 0.049)










	
Yoon et al. [28]

	
total SMF covering vs. partial or no SMF covering

	

	-

	
shorter duration of postoperative lumbar drain after SMF (p = 0.003)




	-

	
lower risk of postoperative CSF leak (p = 0.008)










	
total or partial SMF covering vs. no SMF covering

	

	-

	
lower risk of local complications: 1 fungal infection after total or partial SMF covering vs. 2 fat graft necrosis, 1 bone graft necrosis, 1 sinusitis and 1 fungal infection without SMF covering (p = 0.012)
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