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SUMMARY

Purpose: To evaluate patients with sphenoid sinus cerebrospinal fluid (CSF) leakage in terms of accompanying MRI findings suggestive
of idiopathic intracranial hypertension (I1H).

Methods: This retrospective study included 14 patients diagnosed with sphenoid sinus CSF leakage between 2012 and 2023. MRI
examinations were performed using 1.5T or 3T scanners with T2-weighted fat suppressed, T2-weighted SPACE, and CISS images. Images
were evaluated for empty sella, arachnoid pits, fluid in the optic nerve sheaths, vertical tortuosity of the optic nerves, Meckel's caves
enlargement, sphenoid sinis lateral recess pneumatization, and encephaloceles. Lateral recess pneumatization was defined as pneumatization
extending beyond the line connecting the foramen rotundum and Vidian canal. Descriptive statistics were applied.

Results: The mean age of the patients was 56 + 12 years (13 females, 1 male). Arachnoid pits were observed in all patients, while empty
sella and Meckel's cave enlargement were present in 86% and 79%, respectively. Encephaloceles were identified in 71% of cases, and lateral
pneumatization was present in 64%. In 36% of patients, CSF leakage occurred without excessive sphenoid sinus pneumatization. Four
patients had additional CSF leaks at the cribriform plate. Of the 12 patients who underwent CT prior to MRI, 10 showed a bony defect at the
site of the leak.

Conclusion: Sphenoid sinus CSF leaks are frequently associated with MRI findings such as empty sella, arachnoid pits, and Meckel's
cave enlargement, which likely reflect underlying intracranial hypertension. Recognition of these features on MRI is crucial for accurate
diagnosis, localization of the defect, and optimal surgical planning.

Keywords: Cerebrospinal fluid leak; Sphenoid sinus; Magnetic resonance imaging; Idiopathic intracranial hypertension

SPONTAN SFENOID SiNUS BEYIN OMURILIK SIVISI KACAKLARINDA MANYETIiK REZONANS GORUNTULEME
BULGULARI

OZET

Amag: Sfenoid siniis beyin omurilik sivis1 (BOS) kagagi bulunan hastalarda, manyetik rezonans goriintiilemede (MRG) idiyopatik
intrakraniyal hipertansiyonu (1IH) diisiindiirebilecek eslik eden bulgularin degerlendirilmesi amaglanmistir.

Yontem: Bu retrospektif ¢alismaya 2012-2023 yillar1 arasinda sfenoid siniis BOS kagagi tanist almig 14 hasta dahil edilmistic. MRG
incelemeleri 1.5T veya 3T cihazlarda T2 agirlikli yag baskili goriintiiler, T2 agirlikli SPACE goriintiiler ve CISS goriintiileri kullanilarak
yapilmustir. Gorlintiilerde "empty" sella, araknoid pitler, optik sinir kiliflarinda sivi, optik sinir tortiiyozitesi, Meckel kavitesi genislemesi,
sfenoid siniis lateral reses pnomatizasyonu ve ensefalosel bulgular1 degerlendirilmistir. Lateral reses pnomatizasyonu, foramen rotundum ile
Vidian kanalin1 birlestiren hattin lateraline uzanan pnomatizasyon olarak tanimlanmistir. Veriler tanimlayici istatistiklerle analiz edilmistir.

Bulgular: Hastalarin ortalama yas1 56 + 12 yil olup, 13"t kadin, 1'i erkekti. Araknoid pitler tiim hastalarda izlenirken, empty sella %86,
Meckel kavitesi genislemesi %79, ensefalosel %71 oraninda saptanmustir. Sfenoid siniis lateral reses pnomatizasyonu %64 hastada izlenmis,
%36 hastada asir1 pnomatizasyon olmadan BOS kagag tespit edilmistir. Dort hastada ek olarak kribriform plak diizeyinde BOS kagagi da
saptanmistir. MRG 6ncesinde BT incelemesi yapilmis 12 hastanin 10'unda, kagagim oldugu boélgede kemik defekti goriilmiistiir.

Sonug: Sfenoid siniis BOS kacaklari, MRG'de sik olarak empty sella, araknoid pit ve Meckel kavitesi genislemesi gibi, altta yatan
intrakraniyal hipertansiyonu yansitabilecek bulgularla birlikte izlenmektedir. Bu bulgularin taninmasi, dogru tani, defektin lokalizasyonu ve
uygun cerrahi planlama agisindan kritik 6neme sahiptir.

Anahtar Sozciikler: Beyin omurilik stvist kacagi; Sfenoid siniis; Manyetik rezonans goriintiileme; Idiyopatik intrakraniyal hipertansiyon
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CSF leaks of the sphenoid sinus may occur in the
perisellar region or within the lateral recesses,
the latter being the more common localization.
Because of its close anatomical relationship with
critical neurovascular structures, the
management of sphenoid sinus CSF leaks can be
more challenging. Visualization of leaks located
in the lateral recesses is particularly difficult with
a standard endonasal approach. In such cases, a
transpterygoid approach is required to access and
repair the defect. Therefore, preoperative
localization of the leak site using imaging plays a
crucial role in surgical planning?.
It has been reported that sphenoid sinus CSF
leaks may be associated with findings such as
arachnoid pits, empty sella, and
hyperpneumatization of the lateral recess®. The
most likely mechanism for the development of
CSF fistulas in the lateral recess of the sphenoid
sinus is thought to be the coexistence of
pneumatization of the lateral recess, localized
bony flattening, and the presence of arachnoid
pits in this region®.
The aim of this study was to evaluate MRI
findings of patients with CSF leakage, focusing
on accompanying features detectable on CSF
leak-dedicated sequences.

MATERIAL and METHODS

The institutional review board approved
this single-center retrospective study. Patients
with suspected CSF leakage who underwent
MRI with a special protocol between 2012 and
2023 were evaluated. Images of 240 consecutive
patients were assessed for CSF leakage by two
neuroradiologist with 10 and 3 years of
experience. Patients with leakage from sites
other than the sphenoid sinus were excluded
from the study (n = 220). Six out of 20 patients
with a history of trauma or surgery of the
sphenoid sinus or cavernous sinus were also
excluded. The remaining 14 patients with
sphenoid sinus CSF leakage formed the study
group. Leakage was supported by surgical
findings and beta-2 transferrin test. All imaging
was performed using 3 Tesla (Verio, Siemens,
Erlangen, Germany) or 1.5 Tesla (Aera,
Siemens, Erlangen, Germany) MR scanners. The
MRI protocol for CSF leakage consisted of T2
weighted fat suppressed coronal plane images
with 3 mm slice thickness, T2-weighted sagittal
plane SPACE images with 1 mm slice thickness,
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and CISS coronal plane images with 1 mm slice
thickness. All images were evaluated by two
radiologist with 4 years of experience in terms of
empty sella, enlargement of the Meckel's caves
(Figure 1), fluid in the optic nerve sheaths,
vertical tortuosity of the optic nerves (Figure 2),
arachnoid pits, encephaloceles (Figure 3), and
lateral recess pneumatization of the sphenoid
sinuses. Lateral recess pneumatization was
defined as pneumatization lateral to the line
connecting the foramen rotundum and the Vidian
canal (Figure 4). The side of the leakage and the
other accompanying sites of leakage were noted.
The presence of a bony defect was evaluated on
CT images (Figure 5).

Descriptive statistics were used for data
analysis. Continuous variables were presented as
mean +* standard deviation [median (minimum-
maximum)], and categorical variables were
expressed as frequency and percentage.

Figure 1: Coronal CISS image and sagittal T2-weighted
SPACE image show empty sella (arrows) and enlargement

of the Meckel's caves (arrowheads).

Figure 2: Sagittal CISS images show fluid in the right (R)
and the left (L) optic nerve sheaths (arrowheads) and
tortuosity of the optic nerves (arrows).
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Figure 5: Coronal CT image (A) shows bony defect (arrow)
in the left sphenoid sinus lateral wall and coronal CISS
image (B) show CSF (arrowhead) in the left sphenoid sinus.

RESULTS

The mean age of patients was 56+12
years (13 females and 1 male).

Among the study group, arachnoid pits
were observed in all patients, while
;ig;:ﬁoi; ﬁéia(:irzozv'v"s";igzée% nsmgﬁcmagveiths"g;"; encephalocele was identified in 10 patients
extending t(?the sphenoid sinus (arr%whead). (71%). Empt.y sella was the .Second r.nOSt

common finding and observed in 12 patients
’ (86%). Increased fluid in the optic nerve sheaths

and vertical tortuosity of the optic nerves were
noted in 9 patients (both 64%). Enlargement of
Meckel's caves was present in 11 patients (79%).
Lateral pneumatization of the sphenoid sinuses
was seen in 9 patients (64%). In 36% of the
cases, CSF leakage was present without
excessive pneumatization of the sphenoid sinus.
In 4 patients, in addition to the CSF leak
observed in the sphenoid sinus, an additional
leak was also detected at the level of the
cribriform plate.

Evaluation of CSF leaks according to
their location within the sphenoid sinus revealed
that 5 (36%) were on the right side, 4 (29%) on
the left side, 2 (14%) were bilateral, 1 (7%) was
located anteriorly, and 2 (14%) posteriorly.

Twelve patients had undergone CT before
MRI, and in 10 of these cases, a bony defect was
identified on CT at the site of the CSF leak.

Figure 4: Coronal CT image of the sphenoid sinus
showing the anatomical landmarks used to define lateral
recess pneumatization. Lateral recess pneumatization was
defined as pneumatization lateral to the line connecting
the foramen rotundum (FR) and the Vidian canal (VC).
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DISCUSSION

In this retrospective study, MRI findings
of 14 patients with sphenoid sinus CSF leaks
were  evaluated. The most common
accompanying imaging features were empty
sella, Meckel's cave enlargement, and arachnoid
pits, which are frequently described in
association with spontaneous CSF leaks and
idiopathic intracranial hypertension (I1H). These
findings are consistent with previous studies
reporting that radiologic markers of chronically
increased intracranial pressure, such as empty
sella and arachnoid pits, are often present in
patients with spontaneous skull base CSF
leaks®*.

Previous studies have suggested that
spontaneous CSF leaks of the sphenoid sinus are
most often related to defects in the lateral
recess>®. In our study, 64% of patients had
lateral pneumatization of the sphenoid sinus, and
the majority of leaks were located in the lateral
recess. This aligns with the observations of
Shetty et al3, who found that extensive
pneumatization of the lateral recess predisposes
the thin bony walls to erosion and subsequent
CSF leakage. The absence of excessive
pneumatization in 36% of our patients, however,
can indicate that other anatomic or physiologic
factors, such as bone remodeling due to
sustained intracranial pressure, may also
contribute to defect formation.

The coexistence of arachnoid pits,
Meckel's cave enlargement, and empty sella in
most of our cases supports the hypothesis that
chronically elevated intracranial pressure plays a
key role in the pathogenesis of spontaneous
sphenoid sinus CSF leaks. Repetitive CSF
pulsations through arachnoid pits can result in
bone thinning and herniation of meninges or
brain tissue, leading to encephalocele formation
and osteodural defects®.

From a clinical perspective, the
identification of imaging findings such as lateral
pneumatization, arachnoid pits, and
encephaloceles has important implications for
surgical planning. Visualization of defects in the
lateral recess is challenging with a standard
endonasal approach, and a transpterygoid route
may be required for adequate exposure?.
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Accurate preoperative localization of the defect
on MRI is therefore essential to ensure a
successful repair and to minimize the risk of
recurrence.

This study has certain limitations,
primarily its small sample size and retrospective
design, which restrict statistical analysis and
generalizability. Additionally, it was not known
whether the patients had a clinically established
diagnosis of IIH and the evaluation was based
solely on the indirect imaging findings of IIH.
Nevertheless, our results contribute to the
evidence suggesting that anatomical variations of
the sphenoid sinus and radiologic markers of
increased intracranial pressure are key factors in
the development of spontaneous CSF leaks.

In conclusion, sphenoid sinus CSF leaks
are frequently associated with imaging features
such as empty sella, arachnoid pits, and Meckel's
cave enlargement, which likely reflect
underlying intracranial hypertension.
Recognition of these findings on dedicated MRI
sequences is essential for accurate diagnosis,
determination of the defect location, and
appropriate surgical planning.
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