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Abstract

Purpose: The aim of this study was to evaluate the
common interventions performed by neurosurgery and
otolaryngology in dural invasion in frontal sinus related
pathologies.

Materials and Methods: A comprehensive study
involving 45 patients who underwent surgical
interventions for frontal sinus-associated pathologies
between January 2018 and July 2023 was conducted
collaboratively by otorhinolaryngology and neurosurgery
departments. Patient data, including demographics,
pathology types, and surgical approaches, were collected
from medical records, surgical reports, imaging studies,
and videos. Interdisciplinary surgical teams executed
tailored interventions with documented techniques.
Results: Among 45 patients, 31 were female (68.8%) with
a mean age of 44. Posterior wall defects were detected in
13 (28.8%) patients, and intervention was necessary for
only 8 of them. Among the 8 (17.7%) patients with
identified dural invasion, pathological dural tissue was
excised, and duraplasty was performed in 5 (11.1%) cases.
There were no neurological complications observed in
patients during the postoperative period.

Conclusion: Despite limitations, the findings contribute
to evolving knowledge and highlight the need for
prospective studies to optimize patient cate strategies.
Keywords:. Dural invasion, frontal sinus, otolaryngology,
neurosurgery, interdisciplinary collaboration

Oz

Amag: Bu calismada frontal siniisle iligkili patolojilerde
dural invazyonun beyin cerrahi ve kulak buran bogaz
tarafindan yapilan ortak midahalelerin degrelndirilmesi
amaclanmustir.

Gereg ve Yontem: Ocak 2018 ile Temmuz 2023 tarihleri
arasinda frontal siniisle iliskili patolojiler i¢in Kulak Burun
Bogaz Hastaliklar1 ve Beyin Cerrahisi bélimleri tarafindan
isbirligiyle cerrahi uygulanan 45 hasta tzerinde kapsamlt
bir ¢alisma yapildi. Hastalatin demografik bilgileri, patoloji
tirleri ve cerrahi yaklagimlari; tibbi kayitlardan, cerrahi
raporlardan, goriintiileme ¢alismalarindan ve videolardan
topland1. Cerrahi tercih kararlart patolojiye 6zel verildi ve
uygulanan teknikler kayit altina alinds.

Bulgular: 45 hastanin 311 kadin (%068,8) olup yas
ortalamast 44'tiir. Cerrahi sirasinda arka duvar defekti 13
(%028,8) hastada tespit edilmis olup sadece 8'ine miidahale
gerekti. Tanimlanan dural invazyonu olan 8 (%17,7)
hastada ise 5 (%11,1) vakada patolojik dural doku ¢tkarild:
ve duraplasti yapildi. Hastalarda postoperatif dénemde
nérolojik komplikasyon goézlenmedi.

Sonug: Sinirlamalara ragmen, bulgular gelisen literatiire
katkida bulunurken, hasta degerlendirme stratejilerini
optimize etmek i¢in ileriye yonelik c¢alismalara ihtiyag

oldugunu da vurgulamaktadir.
Anahtar kelimeler: Dural tutulum, frontal sinus,
intrakraniyal komplikasyonlar, kulak burun bogaz,

nérosirtri, disiplinler arast igbirligi
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INTRODUCTION

Pathologies associated with the frontal sinus
encompass a wide range of conditions, from benign
to malignant tumors to infections'. Many of these
pathologies remain confined within the frontal sinus
and can be easily treated with endoscopic sinus
sutgery in today's medical practice’>. However,
infections and malignant tumors, particularly due to
their aggressive nature, can easily extend beyond the
posterior wall of the sinus into the intracranial or
intraorbital space. In such cases, the complications
they can generate can pose significant challenges for

monitoring and treatment.

In complex cases like these, preoperative MRI and
CT scans play a crucial role in surgical outcomes®”.
These investigations provide valuable information
for selecting the appropriate surgical approach by
revealing factors such as breach of sinus posterior
wall, dural invasion, and intracranial extension.
Especially when dural involvement is suspected, and
surgical resection of the dura and duraplasty are
deemed necessary, the rates of surgical difficulty and
postoperative complications increase®.

The anatomical proximity of the frontal sinus to
critical intracranial structures necessitates meticulous
attention to the potential for dural invasion or
involvement, which can significantly influence
treatment decisions and surgical planning®'?. The
management of these complex cases may pose
significant challenges for otorhinolaryngologists. In
such scenarios, secking the assistance of a
neurosurgeon experienced in these pathologies
becomes inevitable. Ideally, complex cases of this
nature should undergo preoperative evaluation and
treatment planning through a collaborative effort
between both specialties, culminating in a joint
decision-making process. While encounters with such
cases may be relatively rare, we believe that the
synergy between these two disciplines can yield
substantial benefits for both patients and healthcare
providers. In line with this approach, over the past
five years, our otorhinolaryngology and neurosurgery
departments have jointly evaluated and managed
cases involving lesions associated with the posterior
wall of the frontal sinus or those posing a threat
further posteriotly.

In this study, we share our experiences, focusing on
the short-term surgical outcomes, intraoperative
observations of posterior sinus wall involvement,
dural interactions, and intracranial extensions, along
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with our treatment choices in such cases.
Furthermore, we aim to underscore the positive
impact of this collaborative approach on the quality
of surgical interventions and outcomes, as well as its
contributions to our mutual education in regional

anatomy and surgery.
MATERIALS AND METHODS

Study design and participants

This study was conducted at the Health Sciences
University Antalya Training and Research Hospital,
which is a tertiary care facility. Between January 2018
and July 2023, a total of 267 patients who underwent
surgery due to paranasal sinus pathologies were
retrospectively evaluated. Out of these cases, 45 were
included in the study, which focused on pathologies
related to the frontal sinus. Cases involving frontal
sinus masses due to nasal polyps (n=31), nasal polyps
with sinusitis in other paranasal sinuses (n==81),
benign and malignant tumors originating from other
paranasal sinuses (n=22), mycetomas (n=52), foreign
bodies (n=18), mucormycosis cases (n=9), and
pediatric cases (n=9) were excluded from the study.

We secured ethical approval from the institutional
review board (Health Sciences University Antalya
Training and Research Hospital Clinical Research
Ethics Committee, Approval Number and date:
11/25, 24/08/2023). Informed consent was waived
due to the retrospective nature of the study.

Data collection

Patient data, including demographic information,
medical history, radiological images, surgical
procedures, and outcomes, were collected from
electronic medical records and surgical reports. To
ensure accuracy, we regularly reviewed and verified
the collected data. To enhance data reliability, we
conducted an inter-rater reliability assessment by
having two independent experts evaluate the data
separately.

Preoperative evaluation

All patients underwent preoperative endoscopic
examination conducted by the otorhinolaryngology
team. Also contrast-enhanced/non-contrast cranial
magnetic resonance imaging (MRI) as well as
paranasal sinus computed tomography (CT) scans
were performed.
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Surgical procedures

All cases were performed by two senior surgeons, one
of whom was an otorhinolaryngologist and the other
a neurosurgeon. Both surgeons had a minimum of 10
years of experience in the specific pathologies
mentioned in the study. The surgeries were
conducted in the otorhinolaryngology operating
room. In all cases, the neurosurgeon was present in
the operating room. In the event of dural and/or
intracranial involvement being observed, the
neurosurgeon actively participated in the surgery.
Tailored to each patient's unique condition, these
procedures were carefully conducted to address the
specific pathology.

A wide incision was made along the tissue border
where dural involvement was suspected, while
preserving healthy tissue. Galeal graft and fibrin glue
were used for duraplasty. Lumbar drainage was not
required.

Statistical analysis

Considering the numerical limitations of our study,
we aimed to conduct data analysis through visual
examination of the data, creating tables, summarizing
the data, and drawing certain conclusions with
explanations, instead of utilizing statistical methods.
While this approach may have certain drawbacks,

Frontal sinus surgery

such as potentially affecting the reliability of the
study's data, its generalizability, and the ability to
make data comparisons, we believe it has provided
some insights that can serve as clues for future
research.

RESULTS

A total of 45 patients who underwent surgical
intervention for pathologies associated with the
frontal sinus between January 2018 and July 2023
were retrospectively evaluated. Of these patients, 31
were female (68.8%), and the mean age was 44 years
(range, 32—61).

An investigation of posterior wall damage and the
presence of dural invasion were conducted. If dural
invasion was present, additional surgeries performed
(dural excision, duraplasty) were documented (Table
1). In the preoperative paranasal sinus computerized
tomography images, sinus posterior wall defects were
detected in 13 (28.8%) patients. However, during the
intraoperative assessment, only eight (17.7%) of them
showed dural invasion, and out of these, dural
excision and duraplasty were performed in only five
(11.1%) cases. Additionally, in two cases with brain
abscess, craniotomy was required for drainage of the
abscess within the brain parenchyma.

Table 1. Dural involvement of the lesions (SCC: Squamous cell carcinoma)

Pathology Number of Posterior wall Dural Dural Duraplast
Patients defect involvement excision y
Osteoma 20 3 - - -
Fibrous dysplasia 2 2% - - -
Mucocele 15 - - - -
Brain abscess 2 2 2 2 2
SCC 1 1 1 1 1
Inverted papilloma 4 4 1 1
Meningioma 1 1 1 1 1
Total 45 13 8 5 5

* Defects developed post-surgery; however, no repair was necessary.

In none of the cases where duraplasty was performed,
postoperative cerebrospinal fluid leakage occurred.
Additionally, there were no postoperative wound
infections or instances of meningitis observed in
these patients.

Patients were discharged after an average of 3 days
postoperatively. Only the two patients with brain
abscesses received intravenous antibiotic treatment
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for several weeks in the neurosurgery department
before being discharged with oral antibiotics.

The surgical approaches were stratified based on the
identified pathologies, and the findings are presented
below:

Osteoma: Osteomas were detected in 20 patients,
with 4 undergoing a bicoronal approach and 16
treated through an eyebrow incision approach.
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Recurrence was observed in only one patient. No
patient required obliteration procedures. The
pathology was unilateral in the majority except for
two cases, which were bilateral. Furthermore, three
patients exhibited posterior wall defects; however, no
repair was needed (Figure 1).

Figure 1. Coronal (A), axial (B), and 3D Computed
tomography (CT) images of the patient diagnosed
with osteoma, along with the endoscopic view of
the tumor (D).

Mucocele: Mucoceles were diagnosed in 15 patients,
with no cases of posterior wall defects. Among these,
one patient had a history of prior endoscopic sinus
surgery and required an osteoplastic, obliterative,
eyebrow incision approach due to recurrence. One
patient underwent a unilateral eye brow incision
approach with obliteration; another patient received
a unilateral bicoronal approach without obliteration;
and one patient underwent a unilateral eye brow
incision without obliteration. The remaining 11
patients were managed solely through endoscopic
procedures.

Fibrous Dysplasia: Two patients were diagnosed
with fibrous dysplasia, and both underwent an
osteoplastic approach. During surgery, posterior wall
defects occurred in both cases but did not necessitate
repait.

Meningioma: Meningioma was identified in one
patient. Surgical intervention involved an osteoplastic
approach with an eyebrow incision, revealing dural
involvement intraoperatively. Dural tissue was
excised, and duraplasty was performed (Figure 2).
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Figure 2. Images before tumor removal (A), before
dural repair (B), and after duraplasty (C) in a
patient diagnosed with meningioma.

Figure 3. Sagittal T2 coronal section images of a
patient with a brain abscess detected in the right
frontal region.

Figure 4. Preoperative coronal (A), axial (B), and
3D computed tomography (C) images of a patient
diagnosed with inverted papilloma, along with the
macroscopic view after tumor and attached dura
were removed and duraplasty was petformed (D).

Brain Abscess: A brain abscess was observed in 2
patients, presumed to have developed due to frontal
sinusitis. A cranial osteotomy was performed, abscess
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drainage was conducted, and the frontal sinus was

obliterated (Figure 3).

Inverted Papilloma: Inverted papillomas were
diagnosed in 4 patients. Two patients were managed
using the osteoplastic approach, with one requiring
duraplasty. The other two patients were treated
endoscopically without duraplasty (Figure 4).

Squamous Cell Carcinoma: Squamous cell
carcinoma was identified in one patient. Open
surgery was performed on the patient. Upon
detecting dural invasion, the pathological tissue was
excised, and duraplasty was carried out using galeal
fascia graft and fibrin glue.

DISCUSSION

The collaborative surgical interventions involving the
otorhinolaryngology and neurosurgery departments
for complex frontal sinus-related pathologies
exemplify the of interdisciplinary
teamwork in managing complex cases. This
comprehensive study aimed to explore the
implications of dural invasion or involvement within
this collaborative framework. In the literature, there
are articles reporting that neurologic complications of
paranasal sinus surgery such as dural injury and CSF

fistula can be repaired by otorhinolaryngologists
14-17

significance

using endoscopic approaches. However, the
challenge arises especially for an
otorhinolaryngologist when dealing with pathologies
extending intracranially or into brain parenchyma.
The evaluation of such a patient by both specialties
preoperatively and  the collaborative  surgical
intervention by both branches undoubtedly enhance
the effectiveness of the procedute and reduce the
likelihood of postoperative neurological
complications. In our experience, out of a total of 45
collaboratively performed surgeries, dural invasion
was observed in only eight cases. Among these cases,
dural excision followed by duraplasty was performed
in five instances. Apart from cases of brain abscess,
no  parenchymal pathology was  detected.
Consequently, there was a need for neurosurgical
involvement in a total of 5 (11.1%)
Neurological complications such as CSF fistula and
meningitis did not occur in these cases during the
postoperative period. These findings suggest that
collaboration is needed more in cases where dural
repair is challenging or when intracranial spread is
observed, rather than in every case where dural
invasion is suspected.

cases.
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Indications for frontal sinus surgery include chronic
sinusitis that does not improve with maximum
medical treatment, the presence of polyps and allergic
fungal sinusitis, intracranial complications related to
frontal sinusitis, mucoceles or mucopyoceles, benign
neoplasms like osteomas and inverting papillomas, as
well as malignant tumors occurring in the frontal
sinus, antetior cranial base, or supetior nasal cavity.'®
On the other hand, the indications for open frontal
sinus surgery include defects in the anterior wall,
lesions with lateral localization, stenosis of the frontal
recess area, intracranial spread, orbital spread, and
associated complications, as well as benign and
malignant tumors located in the frontal sinus,
anterior cranial base, ot superior nasal cavity.!
However, in recent years, advancements in
endoscopic sinus surgery have made it possible to
address much pathology that was previously
considered indications for open surgery using
endoscopic techniques. The surgeon's experience and
the availability of surgical equipment and tools (such
as navigation) are also important factors determining
the approach. In our surgical preferences, we initially
prioritize the endoscopic approach. However, in
cases where we anticipate potential difficulties in
management, we either opt for open surgery right
from the beginning or choose open surgery after
attempting the endoscopic approach first.

In a study conducted by Schur and colleagues in 2022,
sinonasal cancers with skull base

and intracranial extension, dural
invasion was detected in 48.9% of cases, and it was
found to be directly proportional to disease
progression and mortality?®. It was also noted that
minor and major complications may be higher in such
cases. We indeed observed that in cases with dural
involvement and a more aggressive course, the
removal of the pathological tissue and repair of the
extensive defect were more challenging compared to
other cases. In these cases, the presence of an
experienced neurosurgeon, in particular, helped us
overcome the surgical difficulties.

evaluating
involvement

In a 2019 review article discussing intracranial
complications of frontal sinus infections, a total of 16
articles were examined, and these complications were
listed in order of frequency as follows: epidural
abscess, subdural empyema, meningitis, cerebral
abscess, superior sagittal sinus thrombosis, cavernous
sinus thrombosis, and bone erosions!3. Furthermore,
the study emphasized that for such life-threatening
cases, the most appropriate treatment modality is a
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collaborative approach involving endoscopic sinus
surgery and neurosurgery.

Osteomas represent the most prevalent type of
benign skull tumor. They have a benign nature, but
growths can exert compression on adjacent
structures and block sinus passages. It has been
reported that intracranial growths can lead to
significant neurological complications®'?2. In our
series, they managed successfully through either
bicoronal or eyebrow incision approaches. The low
recurrence rate emphasizes the effectiveness of these
surgical strategies. Interestingly, bilateral involvement
and posterior wall defects were observed in a subset
of cases, suggesting potential anatomical variations
that warrant further investigation and possible repair
considerations.

Mucoceles, often presenting intricate challenges,
demonstrated diverse management approaches??2+
Although mucoceles are initially described as sterile
lesions, when they become infected and transform
into mucopyoceles, they give rise to much more
serious problems. In a significant portion of our
cases, we were able to achieve successful outcomes
solely through endoscopic procedures. Having
observed no instances of sinus posterior wall defects
in any case, except for the necessity of obliteration in
only 2 patients, has been a significant factor in
reducing the challenges posed by the cases.

Fibrous dysplasia in the frontal sinus is a rare benign
condition, but albeit uncommonly, it has the potential
to malignantly transform. It predominantly manifests
in childhood and evolves into symptomatic stages in
later years. The treatment objective is the radical
resection of the mass?. In the two cases we
encountered, we performed total resection using
osteoplastic  surgery. Post-surgery, both cases
exhibited defects in the posterior wall of the sinus;
however, they did not require repair.

In cases of brain abscess, inverted papilloma, and
SCC, dural invasion or involvement was obsetved in
all instances. A brain abscess is commonly believed
to develop primarily through direct spread via
proximity, often originating from frontal sinusitis?¢-2’.
Once it reaches the subdural space, there are no
barriers ahead, allowing easy dissemination onto the
cerebral hemisphere surface and complicating the
condition?. In both of our cases, patients exhibited
mild symptoms such as headaches and nausea.
Imaging showed a late cerebritis-early capsule-stage
abscess appearance, characterized by prominent
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contrast enhancement and perilesional edema in the
frontal region adjacent to the sinus. Craniotomy was
performed to access and drain the abscess. The sinus
mucosa was removed and obliterated. Following
several courses of intravenous antibiotic treatment,
fortunately, no neurological sequelac were observed
in the discharged patients.

In sum, our study highlights the critical importance
of interdisciplinary collaboration in managing
complex frontal sinus-related pathologies with dural
invasion or involvement. While our findings offer
valuable insights into the prevalence and implications
of these cases, there remain several avenues for future
research in this field.

Firstly, prospective studies with larger sample sizes
and longer follow-up periods are needed to provide
more robust evidence of the benefits of collaborative
surgical approaches. Tracking patient outcomes over
an extended period will allow for a more
comprehensive assessment of the durability of
surgical interventions and the potential for long-term
complications.

Secondly, exploring the role of advanced surgical
techniques and technologies, such as intraoperative
navigation and minimally invasive approaches, in
managing these challenging cases could further
enhance patient outcomes. Investigating the impact
of these innovations on surgical success rates and
postoperative recovery is an exciting avenue for
future research.

Additionally, the development of standardized
protocols and guidelines for the evaluation and
management of frontal sinus pathologies involving
intracranial extension can help ensure consistency
and optimize patient care. Comparative studies
evaluating different treatment approaches and their
associated outcomes may inform the creation of such

guidelines.

Furthermore, a deeper understanding of the
anatomical variations and factors contributing to
dural invasion in specific pathologies can aid in risk
stratification and treatment planning. Investigating
the genetic and molecular markers associated with
these pathologies may also open new avenues for

targeted therapies and personalized medicine.

Lastly, studies that focus on the patient's petspective
and quality of life following surgery for frontal sinus
pathologies could provide a more holistic view of the
impact of these procedures.
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In conclusion, our study serves as a stepping stone
for future investigations into the complex world of
frontal sinus pathologies. By addressing these
suggested areas of research, we can collectively

advance
outcomes,

our understanding, improve patient
and further refine the collaborative

approach advocated in this study.

Author Contributions: Concept/Design : OEG, TG; Data acquisition:
TG; Data analysis and interpretation: TG; Drafting manuscript: TG;
Critical revision of manuscript: TG; Final approval and accountability:
TG, OEG; Technical or material support: OEG; Supervision: TG;
Securing funding (if available): n/a.

Ethical Approval: Ethical approval was obtained from the Clinical
Research Ethics Committee of Antalya Education and Research

Hospital by its decision dated 24.08.2023 and numbered 11/25.
Peer-review: Externally peer-reviewed.

Conflict of Interest: Authors declared no conflict of interest.
Financial Disclosure: Authors declared no financial support

REFERENCES

10.

Vizquez A, Baredes S, Setzen M, Eloy JA. Overview
of frontal sinus pathology and management.
Otolaryngol Clin North Am. 2016;49;4:899-910.
Pronina OM, Koptev MM, Vynnyk NI, Proskurnya
SA, Filenko BM. Current view on the structure and
function of the frontal sinus: literature review. Wiad
Lek. 2018;71;6:1215-18.

Wu PW, Huang CC, Yang SW, Huang Y, Huang CC,
Chang PH et al. Endoscopic sinus surgery for
pediatric patients: Prognostic factors related to
revision surgery. Laryngoscope. 2020;130;4:1051-55.
Kaski HM, Alakirppi A, Lantto U, Laajala A, Tokola
P, Penna T et al. Endoscopic sinus surgery (ESS) to
change quality of life for adults with recurrent
rhinosinusitis: study protocol for a randomized
controlled trial. Trials. 2021;8;22;1:606.

Koizumi M, Suzuki S, Matsui H, Fushimi K,
Yamasoba T, Yasunaga H. Trends in complications
after functional endoscopic sinus surgery in Japan: A
comparison with a previous study (2007-2013vs.
2013-2017). Auris Nasus Larynx. 2020;47;5:814-19.
Spinos D, Kalamatianos T, Terzakis D, Piagkou M,
Georgalas C. Treatment strategies for inverted
papillomas  with intracranial or intraorbital
involvement. ] Latyngol Otol. 2021;135;10:904-10.
Fanucci E, Fiaschetti V, Fusco N, Viarani S, Gargari
M, Barlattani A et al. Role of diagnostic imaging to
malignant sinus tumors in presurgical staging. Oral
Implantol (Rome). 2008;1;2:56-65.

Welch KC. Neurologic Complications and Treatment.
Otolaryngol Clin North Am. 2015;48;5:769-82.
Kolcun JPG, Richardson AM, Gernsback JE,
Rosenberg A, Komotar R]. Frontal sinus osteoma
presenting with meningitis and epilepsy. World
Neurosurg. 2019;123:216-20.

Licci M, Zweifel C, Hench ], Guzman R, Soleman J.
Frontoethmoidal osteoma with secondary intradural
mucocele extension causing frontal lobe syndrome

985

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Frontal sinus surgery

and pneumocephalus: case report and review of
literature. Wortld Neurosurg. 2018;115:301-8.

Osborn MK, Steinberg JP. Subdural empyema and
other suppurative complications of paranasal sinusitis.
Lancet Infect Dis. 2007;7;1:62-7.

Asiri MA, Almusallam MH, Almashari Y, Allarakia Y,
Alhedaithy ~ RA.  Orbital and  Intracranial
Complications of Acute Rhinosinusitis in a Tertiary
Center, Saudi Arabia. Cureus. 2023;2;15;8:42866.
Scullen T, Hanna J, Carr C, Mathkour M, Aslam R,
Amenta P et al. Surgical Approaches in the Treatment
of Intracranial Complications of Paranasal Sinus
Disease: A Review of the Literature. World
Neurosurg. 2019;130:24-9.

Adil E, Kim JJ, Kawai K, Cunningham M]J.
Management of intracranial sinusitis complications in
children and adolescents: similarities and differences
among otolaryngology subspecialists. OTO Open.
2022;21;6;3:2473974X221120635.

Kaski HM, Alakirppi A, Lantto U, Laajala A, Tokola
P, Penna T et al. Endoscopic sinus surgery (ESS) to
change quality of life for adults with recurrent
rhinosinusitis: study protocol for a randomized
controlled trial. Trials. 2021;8;22;1:606.

Suzuki S, Yasunaga H, Matsui H, Fushimi K, Kondo
K, Yamasoba T. Complication rates after functional
endoscopic sinus surgery: analysis of 50,734 Japanese
patients. Laryngoscope. 2015;125;8:1785-91.

Tewfik MA, Wormald PJ. Ten pearls for safe
endoscopic sinus surgery. Otolaryngol Clin North
Am. 2010;43;4:933-44.

Lawson W, Ho Y. Open frontal sinus surgery: a lost
art. Otolaryngol Clin North Am. 2016;49:1067-89.
Kelly A, Alhelali N, McGarry GW. A stepwise
approach to open surgery for the frontal sinus. |
Laryngol Otol. 2021;135;2:173-75.

Schur SE, Hanna EY, Su SY, Kupferman ME,
DeMonte F, Raza SM. Impact of salvage surgery for
recurrent sinonasal cancers with skull base and
intracranial involvement. | Neurosurg. 2022;4:1-8.
Strek P, Zagolski O, Skladzien J, Kurzynski M,
Dyduch G. Osteomas of the paranasal sinuses:
surgical treatment options. Med Sci  Monit.
2007;13;5:244-50.

Licci M, Zweifel C, Hench ], Guzman R, Soleman J.
Frontoethmoidal osteoma with secondary intradural
mucocele extension causing frontal lobe syndrome
and pneumocephalus: case report and review of
literature. World Neurosurg. 2018;115:301-8.
Herndon M, McMains KC, Kountakis SE.
Presentation and management of extensive fronto-
orbital-ethmoid mucoceles. Am ] Otolaryngol.
2007;28:145-47.

Stokken J, Wali E, Woodard T, Recinos PF, Sindwani
R. Considerations in the management of giant frontal
mucoceles with significant intracranial extension: A
systematic  review. Am ] Rhinol Allergy.
2016;30;4:301-5.



Gediz and Gur

25.

26.

27.

Béquignon E, Cardinne C, Lachiver X, Wagner I,
Chabolle F, Baujat B. Craniofacial fibrous dysplasia
surgery: a functional approach. Eur Ann
Otorhinolaryngol Head Neck Dis. 2013;130;4:215-20.
Yen PT, Chan ST, Huang TS. Brain abscess: with
special reference to otolaryngologic sources of
infection.  Otolaryngol ~ Head  Neck  Surg.
1995;113;1:15-22.

Koizumi M, Ishimaru M, Matsui H, Fushimi K,
Yamasoba T, Yasunaga H. Outcomes of endoscopic

986

28.

Cukurova Medical Joutrnal

sinus surgery for sinusitis-induced intracranial abscess
in patients undergoing neurosurgery. Neurosurg
Focus. 2019;1;47;2:12.

Bandino F, Thota R, Pendolino AL, Chaidas K,
Jeyaretna S, Lawrence T et al. A surgical protocol for
sinogenic brain abscess: the Oxford experience and a
review of the literature. Rhinology. 2022;1;60;5:357-
67.



	Research
	INTRODUCTION
	MATERIALS AND METHODS
	Study design and participants
	Data collection
	Preoperative evaluation
	Surgical procedures
	Statistical analysis

	RESULTS
	DISCUSSION
	REFERENCES

