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Assessment of nasal outcomes 
after endoscopic removal of large midline skull 
base tumors with nasoseptal flap reconstruction
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Abstract 

Background  There have been several reconstructive methods with free flaps or vascular pedicled flaps constituting 
a large portion of the rebuilding of the skull base. The vascularized pedicled nasoseptal flap, however, appears to be 
the “gold standard” flap in the restoration of the integrity of the cranial base among all of the foregoing alternatives. 
This study aimed to assess the postoperative outcomes of endoscopic removal of large midline skull base tumors 
with nasoseptal flap reconstruction in 21 patients. Patients were assessed at 1 week postoperative using Sinona-
sal Outcome Test 22 (SNOT 22) to assess postoperative nasal symptoms. An endoscopic assessment of the nose 
was done at 1 week postoperative to assess the degree of crusting and at 4 weeks postoperative to assess the degree 
of nasal adhesions and the presence or absence of gangrene of the nasoseptal flap. Postoperative complications were 
assessed.

Results  The study patients included 12 cases with pituitary macroadenoma, five cases with anterior cranial fossa 
meningioma, and four cases with petroclival chordoma. The skull base defect size ranged from 2.5 to 4.5 cm. The most 
troublesome postoperative symptoms were decreased sense of smell/taste. Postoperatively, 10 patients had mild, 7 
patients had moderate, and 4 patients had severe nasal crusting. Three cases had epistaxis and two cases had postop-
erative cerebrospinal fluid rhinorrhea. Ten cases had no nasal adhesions, four cases had mild, four cases had moderate, 
and three cases had severe nasal adhesions. No cases had gangrene of the nasoseptal flap.

Conclusion  The nasoseptal flap is an effective option for large skull base defect reconstruction after endoscopic 
resection of large skull base tumors with an acceptable postoperative patient quality of life and a low incidence 
of postoperative complications.

Keywords  Nasal outcomes, Nasoseptal flap, Midline skull base tumors, Skull base reconstruction, Hadad-
Bassagaisteguy flap

Background
The primary purpose of endonasal reconstructive pro-
cedures for skull base defects was to treat cerebrospinal 
fluid (CSF) rhinorrhea, which was mostly caused by trau-
matic (including iatrogenic) causes. New techniques like 
the extended endonasal approach for skull base surgery 
have led to the development of skull base reconstruction 
as a component of planned surgical treatment of lesions 
localized in the skull base region. In 1952, Oscar Hirsch 
[1] was the first to document a successful endonasal sur-
gical closure of a CSF leak. Malte Wigand [2], however, 

Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

The Egyptian Journal
of Otolaryngology

*Correspondence:
Ahmad M. Hamdan
Ahmed.Hamdan@med.menofia.edu.eg
1 Otolaryngology Head & Neck Surgery Department, Faculty of Medicine, 
Menoufia University, Shebin El‑Kom, Egypt
2 Neurosurgery Department, Faculty of Medicine, Menoufia University, 
Shebin Elkom, Egypt

http://orcid.org/0000-0002-5148-2041
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43163-023-00515-y&domain=pdf


Page 2 of 8Ibrahim et al. The Egyptian Journal of Otolaryngology          (2023) 39:152 

was the one to conduct the first endoscopic cerebrospi-
nal fluid rhinorrhea closure with the use of a free mucosal 
flap in 1981.

Up to the current date, there have been several recon-
structive methods using both synthetic and autologous 
materials for skull base reconstruction. Surgical opera-
tions using free flaps or vascularized pedicled flaps con-
stitute a large portion of the rebuilding of the skull base. 
The most frequent vascularized flaps are harvested 
locally from the nasal turbinates or nasal septum based 
on the sphenopalatine artery (SPA). When the SPA is 
affected by a tumor or a prior treatment (surgery or radi-
ation), pedicled flaps raised on external head and neck 
arteries other than intranasal ones are used [3]. The tun-
neled temporoparietal fascia flap, endoscopically assisted 
pericranial flap, occipital flap, palatal flap, buccinator flap 
based on facial artery, and others can all be employed 
for skull base reconstruction [3]. The vascularized pedi-
cled nasoseptal flap (NSF), however, appears to be the 
“gold standard” flap in the restoration of the integrity of 
the cranial base among all of the foregoing alternatives 
[4, 5]. The Hadad-Bassagasteguy flap (HBF) is another 
name for it, and it was initially reported by Hadad and 
Bassagasteguy in 2006 [4]. Only 5% of their initial series 
of 43 operations showed postoperative CSF leakage [4]. 
Kassam et  al. [6] reported on a group of 75 patients, a 
failure rate of 10.66% in their first 25 operated patients, 
and 5% in their next 50 patients, thus stating NSF to be 
a very effective technique in skull base reconstruction. 
Although numerous studies have evaluated the use of 
nasoseptal flap in skull base reconstruction considering 
its efficacy and complications, few studies have investi-
gated the sinonasal manifestations and quality of life after 
the flap. This study aimed to assess the postoperative out-
comes of endoscopic removal of large midline skull base 
tumors with nasoseptal flap reconstruction.

Methods
The present study was a case series study including 21 
patients enrolled in the study to assess the sinonasal out-
comes after endoscopic excision of large midline skull 
base masses with nasoseptal flap reconstruction. Patients 
with other intranasal pathologies, patients with surgical 
unfitness, and patients requiring open approaches were 
excluded from the study. The study was conducted after 
approval of the institutional review board, and informed 
written consent was taken from every patient before par-
ticipation in the study.

Preoperative assessment
All patients of the study were assessed by a history taking 
and a comprehensive otorhinolaryngology examination 
including an endoscopic assessment of the nose to define 

the intranasal tumor and its site of origin. Imaging of the 
patients was done using computed tomography and mag-
netic resonance imaging of the nose, paranasal sinuses, 
and skull base.

Preoperative considerations
The cases were managed by an otorhinolaryngology-neu-
rosurgery team. The size of the anticipated post-surgical 
defect was assessed. When the tumor affects the septal 
tissue or the sphenoid rostrum, the nasoseptal flap may 
not be an effective alternative for reconstructing very 
anterior cranial fossa defects. Children younger than 10 
years might not be a good candidate for this flap because 
the size of the flap might not be sufficient to cover the 
defect in the skull base in this population.

Operative technique
The Hadad-Bassagasteguy flap, a pedicled flap supported 
by blood flow from the nasoseptal artery, a branch of the 
posterior septal artery, and a branch of the sphenopala-
tine artery, was employed. The surgical procedures were 
performed under general anesthesia with an endotracheal 
intubation. Nasal pledgets soaked in 4% oxymetazoline 
were placed in both nasal cavities to help decongestion 
of the nasal passages. Intranasal injection of 1% lidocaine 
and 1:100,000 epinephrine was performed at the subla-
bial plane, the posterior septum, the posterior section of 
the middle turbinate, and the anterior aspect of the sphe-
noid sinus to decongest the sphenopalatine artery. On 
the surgical side, 1% lidocaine and 1:100,000 epinephrine 
were injected into the nasal septal anterior region. Injec-
tions at the sublabial region and anterior septum were 
done just in case a septal cartilage graft was needed if the 
flap was not effective in closing the defect.

The posterior incision was first made with an electri-
cal cautery set to 10. The sphenoid ostium was identified 
followed by making the superior incision just under-
neath this ostium. The epithelium of the olfactory cleft 
was avoided as this incision was prolonged anteriorly, 
1–2 cm below, and parallel to the septum’s most superior 
part, reaching the inferior turbinate’s anterior edge. The 
incision was now prolonged inferiorly and vertically to 
the desired inferior boundary of the flap. Next, a cut was 
made in the inferior posterior part above the choana. The 
incision was then prolonged into the septum inferiorly, 
slightly above the maxillary crest, and directed anteriorly 
to meet the vertical limb of the incision (this incision may 
also be carried onto the nasal floor to generate a bigger 
flap).

The flap was subsequently moved back to the ante-
rior face of the sphenoid sinus between the posterior 
superior and inferior incisions using a Cottle elevator, 
while maintaining the pedicle, in a subperichondrial and 
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subperiosteal plane. The flap was pushed into the naso-
pharynx after being fully elevated. The nasoseptal flap 
was then guided out of the nasopharynx and restored to 
its normal orientation along the septum after the neu-
rosurgery component of the procedure, which involved 
filling the defect with fat graft, to make sure it was not 
rotated or twisted. The flap was then placed over the 
skull base, mostly concealing the fat and the defect in 
the skull base. The flap should not be bent to make sure 
that it covers the bony margins of the defect and that the 
mucosal surface faces the nasal cavity and not the intrac-
ranial defect. The flap was then secured with a number 
of pieces of Gelfoam. The nasal packing made of Merocel 
was utilized to secure the septal flap.

Postoperative care
The patients were instructed not to blow their noses. In 
order to lessen crusting at the flap donor site, humidified 
air was employed. The patient was prevented from rais-
ing the intracranial pressure by not straining, hunching 
over, or carrying heavy things. Stool softeners and open-
mouth sneezing were suggested to patients. To prevent 
cerebral infections, the patients received perioperative 
third-generation cephalosporin prescriptions. Three days 
after surgery, the nasal packing was removed. Depend-
ing on the risk factors for CSF leak and the current clini-
cal picture, nasal saline spray can be begun. Office nasal 
debridement was performed beginning 2 weeks postop-
eratively and then every 1 to 2 weeks afterwards until 
no more crusting was seen. Debriding over the flap was 
done carefully to prevent damaging it and allowing CSF 
to leak. Follow-up was done for 6–8 weeks till complete 
healing of the donor site which is the main source of 
crusting after this surgery.

Postoperative assessment and outcomes
Patients were assessed at 1 week postoperative using 
SNOT 22 to assess postoperative nasal symptoms. An 
endoscopic assessment of the nose was done at 1 week 
postoperative to assess the degree of crusting whether 
mild, moderate, or severe, and at 4 weeks postoperative 
to assess the degree of nasal adhesions and the presence 
or absence of gangrene of the nasoseptal flap. Postopera-
tive complications including bleeding and CSF leak were 
assessed.

Statistical analysis
The study data were analyzed using the Statistical Pack-
age for Social Sciences (SPSS), version 23.0 (IBM Corp., 
Armonk, NY, USA). Mean and standard deviation (SD) 
were used to express quantitative data. Frequency and 
percentage were used to express qualitative data.

Results
The current study included 21 patients distributed as 13 
(61.9%) males and 8 (38.1%) females with an age range 
from 41 to 62 years and a mean of 46.7 ± 6.83 years. 
The 21 cases included 12 cases (57.1%) with a diagnosis 
of pituitary macroadenoma (Fig.  1) and were operated 
by transnasal transsellar hypophysectomy. Five cases 
(23.8%) had a diagnosis of anterior cranial fossa menin-
gioma (Fig. 2) and were operated by endoscopic transp-
lanum excision, and four cases (19.1%) had a diagnosis 
of petroclival chordoma (Fig.  3) and were operated by 
endoscopic transclival excision. The skull base defect size 
ranged from 2.5 to 4.5 cm with a mean of 3.64 cm ± 0.57 
SD (Table 1).

The postoperative evaluation of sinonasal outcomes 1 
week after the operation using the SNOT 22 question-
naire revealed that the most troublesome symptoms for 
the patients were decreased sense of smell/taste with 
a mean score of 3.95 ± 0.74 SD, irritability with a mean 
score of 3.24 ± 0.44 SD, nasal blockage with a mean 
score of 3.14 ± 0.73 SD, and need to blow the nose with 
a mean of 3.14 ± 0.57 SD. However, the least troublesome 
symptoms for the patients were sneezing with a mean 
score of 0.29 ± 0.46 SD, ear fullness with a mean score of 
0.33 ± 0.48 SD, ear pain with a mean score of 0.43 ± 0.51 
SD, and reduced productivity with a mean score of 
0.43 ± 0.51SD (Table 2).

During the postoperative period, 10 patients (47.6%) 
had mild nasal crusting, 7 patients (33.35%) had mod-
erate nasal crusting, and 4 patients (19.05%) had severe 
nasal crusting. Three cases (14.3%) had epistaxis and 
were managed by endoscopic cautery of the bleeding 
vessel. Two cases (9.5%) had postoperative CSF rhinor-
rhea which were managed by an endoscopic repair. Ten 
cases (47.6%) had no nasal adhesions, 4 cases (19.05%) 
had mild nasal adhesions, 4 cases (19.05%) had moder-
ate nasal adhesions, and 3 cases (14.3%) had severe nasal 
adhesions. No cases had gangrene of the nasoseptal flap 
(Table 3).

Discussion
Prior to the adaptation of the nasoseptal flap for endo-
nasal skull base reconstruction, large defects of the ante-
rior cranial base were repaired with multiple layers of 
non-vascularized tissues, including fat, fascia (autologous 
and cadaveric), bone, cartilage, or alloplastic materials. 
These materials were supplemented with nasal packing, 
balloon catheters for external support, and postopera-
tive spinal drains to lower CSF pressure. Endonasal skull 
base surgery was effectively held back by the abnormally 
high rate of postoperative CSF leaks (20–30%) and high 
flow intraoperative leakage. With the addition of the 
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Fig. 1  A 24-year-old male patient with a pituitary macroadenoma: A sagittal T1 pre-contrast MRI image, B sagittal T1 post-contrast MRI image, 
and C coronal T1 post-contrast MRI image showing an intensely enhanced pituitary macroadenoma with a suprasellar extension. D Intraoperative 
endoscopic view revealing the exposed pituitary adenoma after opening the sellar floor. E An intraoperative endoscopic view showing the covered 
skull base defect with a nasoseptal flap. F A 1-month postoperative endoscopic view showing the healed nasoseptal flap with minimal crusting

Fig. 2  A 30-year-old male patient with an anterior cranial fossa meningioma: A sagittal T1 post-contrast MRI image, B coronal T1 post-contrast MRI 
image, and C coronal T2 MRI image showing a large sellar lesion with suprasellar extension, an intense enhancement, and hyperintense in T2. D 
Intraoperative endoscopic view revealing the exposed dura after opening the sellar floor
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vascularized mucosal nasoseptal flap, the postopera-
tive CSF leak rate was decreased to around 5% [4, 7, 8]. 
Hadad Bassagaisteguy flap is a pedicled nasoseptal flap 
based on the posterior nasoseptal artery, a branch of the 
posterior nasal artery, and is made up of the mucoperi-
osteum and mucoperichondrium of the nasal septum. 

The significant defects of the anterior, middle, clival, and 
parasellar skull bases can be repaired with this adaptable 
flap [9]. Due to the huge size and broad arc of rotation of 
the nasoseptal flap, defects from the frontal sinus to the 
lower clivus can be reached by this flap [10]. Infrasellar 
or suprasellar defects can be repaired with this flap, but 
not both at once. It is angled vertically when utilized for a 
suprasellar defect and may repair a defect that spans the 
sella to the frontal sinus and between the two orbits. If 
used for an intrasellar defect, it is horizontally oriented 
and can cover a defect from the sellar floor to the fora-
men magnum [11].

In the current study, the most troublesome mani-
festation for the patient based on SNOT 22 question-
naire was the decreased sense of smell/taste. This can 
be explained by the encroachment of flap harvest on 
the epithelium of the olfactory cleft. Upadhyay et  al. 
[12] assessed the results of the University of Pennsyl-
vania Smell Identification Test (UPSIT) in 10 patients 
who had free mucosal graft restoration and 35 patients 
who underwent reconstruction of a skull base defect 
using NSF. Following surgery, the UPSIT scores 

Fig. 3  A 63-year-old female patient with a petroclival chordoma: A coronal T2 MRI image, B axial T2 MRI image, and C sagittal T2 MRI image 
showing a large clival lesion intermediate to hyperintense signal with invasion of the sella with right parasellar extension and extension 
to sphenoidal sinus and both pterygoid plates and prepontine cistern posteriorly. D A 3-month postoperative endoscopic view showing the healed 
nasoseptal flap covering the skull base defect

Table 1  Demographic and clinical criteria of study patients

Item Mean Percentage

Age 46.7 6.83

No %

Gender Male 13 61.9%

Female 8 38.1%

Operation Transnasal transsellar hypo-
physectomy

12 57.1%

Transplanum Excision 5 23.8%

Transclival excision 4 19.1%

Diagnosis Pituitary macroadenoma 12 57.1%

Meningioma 5 23.8%

Chordoma 4 19.1%
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were compared at baseline, 6 weeks, 3 months, and 
6 months. When compared to baseline, the authors 
reported a statistically significant decline in UPSIT 
scores in the NSF group after 6 weeks. The scores were 
returned to preoperative levels at the 3- and 6-month 
follow-ups. However, there was no appreciable drop in 
UPSIT scores in the free mucosal graft group postoper-
atively. Similar results with full olfactory recovery after 
6 months were obtained in other series that described 

comparable olfactory strip preservation strategies 
[13–15]. Kim et  al. [16] compared electrocautery to 
cold knife dissection of the NSF and discovered higher 
epithelial damage in the former, but no statistical differ-
ence in olfaction.

The second most troublesome symptom for the 
patients was irritability which reflects the degree of 
stress encountered by the patients based on their diag-
nosis of having skull base tumors along with the associ-
ated postoperative nasal discomfort. Nasal blockage with 
a need to blow the nose constituted the next significant 
postoperative symptoms which can be explained by the 
commonly encountered postoperative crusting caused by 
the exposed bone and cartilage following harvesting the 
nasoseptal flap.

In the current study, during the postoperative period, 
10 patients (47.6%) had mild nasal crusting, 7 patients 
(33.35%) had moderate nasal crusting, and 4 patients 
(19.05%) had severe crusting. Septal cartilage and bone 
are exposed to the nasal cavity following nasoseptal flap 
harvest. Re-epithelialization of the exposed bone and 
cartilage is thought to cause the healing process to take 
a longer time [17]. De Almeida et al. [18] compared indi-
viduals with and without NSFs to examine how long it 
took for nasal crusting to resolve. Those with an NSF did 
not recover more slowly than patients without an NSF. 
They found no independent variables linked to persistent 
crusting in their investigation (age, sex, radiation therapy, 
chemotherapy, surgical complexity, and use of fat graft). 
Similar to this, Pant et al. [19] discovered no variation in 
the time spent crusting between groups. Obstruction, 
post-nasal discharge, and thick nasal discharge from the 
Sino-Nasal Outcome test—22 items (SNOT-22) were 
employed as indices for nasal crusting by Jalessi et  al. 
[20]. They discovered no differences at 3, 6, or 12 months, 
but a substantially higher score in the NSF group at 1 
month.

In the present study, two cases (9.5%) had postop-
erative CSF rhinorrhea which were managed by endo-
scopic repair. In a study involving twenty-five patients 
who had expanded endonasal approach (EEA) surgeries 
with the use of NSF, Wardas et al. [21] reported a non-
anticipated postoperative CSF leakage in 2 cases. Singh 
et  al. [22] assessed 53 patients who received Hadad-
Bassagasteguy flap (HBF) to restore anterior skull base 
lesions among patients with high-flow on-table CSF 
leak and found that only 2 of the total patients (2/53; 
3.8%) experienced a post-operative CSF fluid leak. They 
concluded that patients with high-flow intraoperative 
CSF leak can benefit significantly from the use of HB 
posterior nasal septal flap for rebuilding of anterior 
skull base. For the correction of defects in the skull 
base, Eloy et  al. [23] evaluated the effectiveness of the 

Table 2  Mean scores of items of SNOT 22 questionnaire two 
weeks postoperative

Item Mean SD

1. Need to blow nose 3.14 0.57

2. Nasal Blockage 3.14 0.73

3. Sneezing 0.29 0.46

4. Runny nose 2 0.63

5. Cough 3.1 0.54

6. Post-nasal discharge 1.95 0.67

7. Thick nasal discharge 2.05 0.67

8. Ear fullness 0.33 0.48

9. Dizziness 0.57 0.51

10. Ear pain 0.43 0.51

11. Facial pain/pressure 2.05 0.67

12. Decreased sense of smell/taste 3.95 0.74

13. Difficulty falling asleep 1.95 0.67

14. Wake up at night 2.29 0.46

15. Lack of a good night’s sleep 2.14 0.57

16. Wake up tired 2 0.63

17. Fatigue 0.48 0.51

18. Reduced productivity 0.43 0.51

19. Reduced concentration 1.48 0.51

20. Frustrated/restless/irritable 3.24 0.44

21. Sad 0.57 0.51

22. Embarrassed 1.86 0.57

Table 3  Postoperative endoscopic assessment and 
complications of the study patients

Parameter Number Percentage

Degree of crusting Mild 10 47.6%
Moderate 7 33.35%
Severe 4 19.05%

Flap gangrene 0 0%
Epistaxis 3 14.3%
CSF rhinorrhea 2 9.5%
Nasal Adhesion None 10 47.6%

Mild 4 19.05%
Moderate 4 19.05%
Severe 3 14.3%
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pedicled nasoseptal flap without CSF diversion in 59 
patients. No participants in this research experienced a 
postoperative CSF leak.

In the present study, ten cases (47.6%) had no nasal 
adhesions, 4 cases (19.05%) had mild nasal adhesions, 4 
cases (19.05%) had moderate nasal adhesions, and 3 cases 
(14.3%) had severe nasal adhesions. In a study by Dolci 
et al. [24] to investigate the postoperative complications 
in 41 patients subjected to transnasal endoscopic sur-
gery to access the skull base utilizing the nasoseptal flap 
technique, eight patients (19.5%) exhibited nasal fossa 
synechia. Nasoseptal flap for skull base reconstruction 
in 12 children was evaluated by Ben-Ari et  al. [25] who 
reported that 2 patients (16.7%) had synechia.

In the current study, three cases (14.3%) had epistaxis 
which was managed by endoscopic cautery of the bleed-
ing vessel. In the cohort of 330 consecutive patients 
studied by Thompson et  al. [26], 3% developed postop-
erative epistaxis, including 3 who had several episodes 
(14 events). Packing in the emergency room was used 
to control the majority of the patients (8/14 incidents). 
Five patients needed operating room control, while one 
patient needed chemical cautery. Abstinence from alco-
hol was the only patient trait to approach significance (p 
value = 0.04). The likelihood of a patient having epistaxis 
was higher if they were a man, older, and hypertensive. 
The limitations of our study included the lack of a control 
group which may be attributed to the relative scarcity of 
these cases in our center. Another limitation is the lack of 
thorough assessment of preoperative and postoperative 
olfactory status using a smell assessment tool like The 
University of Pennsylvania Smell Identification test. This 
will be considered in future studies focusing on the effect 
of the nasoseptal flap on the olfactory function.

Conclusion
Nasoseptal flap is an effective option for the reconstruc-
tion of large skull base defects after endoscopic resection 
of large skull base tumors with acceptable postoperative 
patient’s quality of life as expressed by SNOT 22 ques-
tionnaire, postoperative clinical findings of the nasal cav-
ity. The procedure had a low incidence of postoperative 
complications including epistaxis and CSF rhinorrhea.

Abbreviations
CSF	� Cerebrospinal fluid
EEA	� Extended endonasal approach
HBF	� Hadad-Bassagaisteguy flap
NSF	� Nasoseptal flap
SNOT 22	� Sinonasal Outcome Test 22
UPSIT	� University of Pennsylvania Smell Identification Test

Acknowledgements
Not applicable for this article.

Authors’ contributions
AI provided the concept and design with the definition of intellectual content 
and conducted clinical studies, data collection, and manuscript editing. HN 
conducted clinical studies, data collection, data analysis, and manuscript 
editing. AH conducted literature research, clinical studies, data collection, data 
analysis, and manuscript preparation. All authors have read and approved the 
manuscript.

Funding
No funding for this research.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the institutional review board of Menoufia Faculty 
of Medicine with approval number 6/2022-ENT-11. The participants of the 
study provided written consent before participation in the study or publica-
tion of their data.

Consent for publication
The participants of the study provided written consent before publication of 
their data.

Competing interests
The authors declare that they have no competing interests.

Received: 16 June 2023   Accepted: 8 September 2023

References
	1.	 Hirsch O (1952) Successful closure of cere brospinal fluid rhinorrhea by 

endonasal surgery. AMA Arch Otolaryngol 56(1):1–12
	2.	 Wigand M (1981) Transnasal ethmoidectomy under endoscopical control. 

Rhinology 19:7–15
	3.	 Patel MR, Taylor RJ, Hackman TG, Germanwala AV, Sasaki-Adams D, Ewend 

MG et al (2014) Beyond the nasoseptal flap: outcomes and pearls with 
secondary flaps in endoscopic endonasal skull base reconstruction. 
Laryngoscope 124(4):846–852

	4.	 Hadad G, Bassagasteguy L, Carrau RL, Mataza JC, Kassam A, Snyder-
man CH et al (2006) A novel reconstructive technique after endoscopic 
expanded endonasal approaches: vascular pedicle nasoseptal flap. 
Laryngoscope 116(10):1882–1886

	5.	 Bhatki AM, Carrau RL, Snyderman CH, Prevedello DM, Gardner PA, Kas-
sam AB (2010) Endonasal surgery of the ventral skull base–endoscopic 
transcranial surgery. Oral Maxillofac Surg Clin North Am 22(1):157–168

	6.	 Kassam AB, Prevedello DM, Carrau RL, Snyderman CH, Thomas A, 
Gardner P et al (2011) Endoscopic endonasal skull base surgery: 
analysis of complications in the authors’ initial 800 patients. J Neurosurg 
114(6):1544–1568

	7.	 Zanation AM, Carrau RL, Snyderman CH, Germanwala AV, Gardner PA, 
Prevedello DM et al (2009) Nasoseptal flap reconstruction of high flow 
intraoperative cerebral spinal fluid leaks during endoscopic skull base 
surgery. Am J Rhinol Allergy 23(5):518–521

	8.	 Harvey RJ, Parmar P, Sacks R, Zanation AM (2012) Endoscopic skull base 
reconstruction of large dural defects: a systematic review of published 
evidence. Laryngoscope 122(2):452–459

	9.	 Tang IP, Carrau RL, Otto BA, Prevedello DM, Kasemsiri P, Ditzel L, Muto J, 
Kapucu B, Kirsch C (2015) Technical nuances of commonly used vascular-
ised flaps for skull base reconstruction. J Laryngol Otol 129(8):752–761

	10.	 Pinheiro-Neto CD, Prevedello DM, Carrau RL, Snyderman CH, Mintz A, 
Gardner P et al (2007) Improving the design of the pedicled nasoseptal 



Page 8 of 8Ibrahim et al. The Egyptian Journal of Otolaryngology          (2023) 39:152 

flap for skull base reconstruction: a radioanatomic study. Laryngoscope 
117(9):1560–1569

	11.	 Pinheiro-Neto CD, Snyderman CH (2013) Nasoseptal flap. Adv Otorhi-
nolaryngol 74:42–55

	12.	 Upadhyay S, Buohliqah L, Dolci RLL, Otto BA, Prevedello DM, Carrau 
RL (2017) Periodic olfactory assessment in patients undergoing skull 
base surgery with preservation of the olfactory strip. Laryngoscope 
127(9):1970–1975

	13.	 Soudry E, Psaltis AJ, Lee KH, Vaezafshar R, Nayak JV, Hwang PH (2015) 
Complications associated with the pedicled nasoseptal flap for skull base 
reconstruction. Laryngoscope 125(1):80–85

	14.	 Rioja E, Bernal-Sprekelsen M, Enriquez K, Enseñat J, Valero R, de Notaris 
M et al (2016) Long-term outcomes of endoscopic endonasal approach 
for skull base surgery: a prospective study. Eur Arch Otorhinolaryngol 
273(7):1809–1817

	15.	 Harvey RJ, Winder M, Davidson A, Steel T, Nalavenkata S, Mrad N et al 
(2015) The olfactory strip and its preservation in endoscopic pituitary 
surgery maintains smell and sinonasal function. J Neurol Surg B Skull Base 
76(6):464–470

	16.	 Kim SW, Park KB, Khalmuratova R, Lee HK, Jeon SY, Kim DW (2013) Clini-
cal and histologic studies of olfactory outcomes after nasoseptal flap 
harvesting. Laryngoscope 123(7):1602–1606

	17.	 Lavigne P, Faden DL, Wang EW, Snyderman CH (2018) Complications of 
nasoseptal flap reconstruction: a systematic review. J Neurol Surg B Skull 
Base 79(Suppl 4):S291–S299

	18.	 de Almeida JR, Snyderman CH, Gardner PA, Carrau RL, Vescan AD (2011) 
Nasal morbidity following endoscopic skull base surgery: a prospective 
cohort study. Head Neck 33(4):547–551

	19.	 Pant H, Bhatki AM, Snyderman CH, Vescan AD, Carrau RL, Gardner P et al 
(2010) Quality of life following endonasal skull base surgery. Skull Base 
20(1):35–40

	20.	 Jalessi M, Jahanbakhshi A, Amini E, Kamrava SK, Farhadi M (2016) Impact 
of nasoseptal flap elevation on sinonasal quality of life in endoscopic 
endonasal approach to pituitary adenomas. Eur Arch Otorhinolaryngol 
273(5):1199–1205

	21.	 Wardas P, Tymowski M, Piotrowska-Seweryn A, Markowski J, Ładziński P 
(2019) Hadad-Bassagasteguy flap in skull base reconstruction - current 
reconstructive techniques and evaluation of criteria used for quali-
fication for harvesting the flap. Wideochir Inne Tech Maloinwazyjne 
14(2):340–347

	22.	 Singh CV, Shah NJ (2017) Hadad-Bassagasteguy flap in reconstruction of 
skull base defects after endonasal skull base surgery. Int J Otorhinolaryn-
gol Head Neck Surg 3(4):1020–1026

	23.	 Eloy JA, Kuperan AB, Choudhry OJ, Harirchian S, Liu JK (2012) Efficacy of 
the pedicled nasoseptal flap without cerebrospinal fluid (CSF) diversion 
for repair of skull base defects: incidence of postoperative CSF leaks. Int 
Forum Allergy Rhinol 2(5):397–401

	24.	 Dolci RLL, Miyake MM, Tateno DA, Cançado NA, Campos CAC, Dos Santos 
ARL et al (2017) Postoperative otorhinolaryngologic complications in 
transnasal endoscopic surgery to access the skull base. Braz J Otorhi-
nolaryngol 83(3):349–355

	25.	 Ben-Ari O, Wengier A, Ringel B, Carmel Neiderman NN, Ram Z, Margalit 
N et al (2018) Nasoseptal flap for skull base reconstruction in children. J 
Neurol Surg B Skull Base 79(1):37–41

	26.	 Thompson CF, Wang MB, Kim BJ, Bergsneider M, Suh JD (2012) Incidence 
and management of epistaxis after endoscopic skull base surgery. ORL J 
Otorhinolaryngol Relat Spec 74(6):315–319

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Assessment of nasal outcomes after endoscopic removal of large midline skull base tumors with nasoseptal flap reconstruction
	Abstract 
	Background 
	Results 
	Conclusion 

	Background
	Methods
	Preoperative assessment
	Preoperative considerations
	Operative technique
	Postoperative care
	Postoperative assessment and outcomes
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


