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Abstract

Purpose A curvilinear pathway intervening between the olfactory fossa and nasal vestibule has not been well documented.
Therefore, the aim of this study was to examine its structure using magnetic resonance imaging (MRI).

Methods In total, 84 patients underwent thin-sliced, contrast MRI. Among these patients, 31 underwent additional thin-
sliced, sagittal T2-weighted imaging.

Results A curvilinear pathway intervening between the olfactory fossa and nasal vestibule was delineated on sagittal and
coronal imaging in 98% and 82% of patients, respectively. All of these pathways demonstrated communication with the
lower limit of the superior sagittal sinus (SSS) or fine venous channels connecting to the SSS in the vicinity of the crista
galli. The pathway was identified in the parasagittal regions on both sides with varying lengths, diameters, and curvatures.
In 94% of the patients who underwent sagittal T2-weighted imaging, the pathways appeared as linear high-intensity signals.
Most pathways were delineated as a single channel coursing extracranially adjacent to the olfactory fossa. In 38% of the
patients, post-contrast sagittal images showed variable filling defects between the olfactory bulb and floor of the olfactory
fossa, furthermore traversing the venous pathway. Additionally, in 73% of the patients, post-contrast images identified diploic
venous channels, variably in the nasal bone and communicating with the venous pathway.

Conclusions A curvilinear pathway intervening between the olfactory fossa and nasal vestibule is a consistent venous struc-
ture and may function as an extracranial route of cerebrospinal fluid drainage.
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Introduction surrounding the subarachnoid spaces thins out and becomes

continuous with the periosteum in the ethmoid bone [1].

The cribriform plate has a distinct morphology characterized
by numerous bony pores that transmit the olfactory filaments
extensively to the nasal cavity [4]. Several experimental
investigations have suggested that pathways in the cribriform
region may play a distinct role in the drainage of cerebro-
spinal fluid (CSF) into the extracranial lymphatic vessels
[2,6,8,9, 11, 15, 16]. In microscopic examinations using
human cadaveric specimens, fine subarachnoid spaces have
been identified around the olfactory filaments as they exit
the neural foramina of the cribriform plate. The dura mater
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Furthermore, a distinct foramen, the ethmoidal foramen, has
been identified in the anterior part of the olfactory fossa
representing an area of least resistance that is predisposed
to CSF leaks and meningocele [10].

Examinations using magnetic resonance imaging (MRI)
has encountered a curvilinear venous structure interven-
ing between the olfactory fossa and nasal vestibule. The
nasal vestibule has been documented as a distinct region
of the nasal cavity that is highly sensitive to the tempera-
ture-dependent, tactile stimulation of an airjet, and heavily
influences nasal airway resistance [5, 7, 13, 14]. The nasal
vestibule is also thought to function as a bacterial reservoir
[3]. To our knowledge, the venous pathway has not been well
documented [12]. The present retrospective study aimed to
characterize the undescribed pathway using contrast and
non-contrast MRIL.
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Materials and methods

The present retrospective study included 84 patients who
presented as outpatients to our hospital between April
2010 and April 2016 and underwent MRI examinations.
The patients presented with headaches, dizziness, tinni-
tus, hearing and hemisensory disturbances, and seizures.
Patients with a history of traumatic brain injury, hydro-
cephalus, skull base tumors affecting the anterior and mid-
dle cranial fossae, and tumors and inflammatory diseases
of the nasal cavity and paranasal sinuses were excluded
from the study. The patient population consisted of 37
men and 47 women aged 48.5 + 16.1 years (median + SD;
range 18—78 years). Initial examinations using axial T1-
and T2-weighted imaging, T2 gradient echo, fluid-attenu-
ated inversion recovery and diffusion-weighted sequences
confirmed that none of the patients had any signs of the
aforementioned pathologies. Then, the patients who
were suspected to have tumorous lesions, inflammatory
diseases, and vascular pathologies underwent imaging
examination with an intravenous gadolinium infusion
(0.1 mmol/kg) in the axial, coronal, and sagittal planes
involving the whole cranial vault. The following param-
eters were adopted: repetition time (TR), 4.1 ms; echo time
(TE), 1.92 ms; slice thickness, 1 mm; interslice gap, 0 mm;
matrix, 320 x 320; field of view (FOV), 250 mm; flip angle
(FA), 13°; and scan duration, 7 min 25 s. For 31 patients,
an additional thin-sliced, sagittal T2-weighted sequence
was performed involving the whole anterior fossa. The
following parameters were adopted: TR, 3500.00 ms; TE,
90.00 ms; slice thickness, 2.00 mm; interslice gap, 0 mm;
matrix, 300 x 189; FOV, 200 mm; FA, 90°; and scan dura-
tion, 2 min 40 s. All imaging sequences were performed
using a 3.0-T MRI scanner (Achieva R2.6; Philips Medi-
cal Systems, Best, The Netherlands). Imaging data were
transferred to a workstation (Virtual Place Lexus 64. 64th
edition; AZE, Tokyo, Japan) and independently analyzed
by two of the authors (H.I. and H.O.). The post-contrast
sagittal and coronal images and sagittal T2-weighted
images were used for analysis.

The study was conducted in accordance with the guide-
lines of our institution regarding human research. Written
informed consent was obtained from all patients prior to
their participation in the study.

Results
The morphology of the curvilinear pathway intervening

between the olfactory fossa and nasal vestibule was well
delineated in 82 (98%) and 69 (82%) of the 84 patients on
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post-contrast sagittal and coronal imaging, respectively.
Because all of the pathways demonstrated communication
with the lower limit of the superior sagittal sinus (SSS) or
fine venous channels connecting to the SSS in the vicinity
of the crista galli, they were considered as venous struc-
tures. The pathways were consistently identified in the
parasagittal regions on both sides with segmental dilation
at the nasal vestibule (Fig. 1). On sagittal sections, the
pathways were delineated as linear structures with vary-
ing lengths, diameters, and curvatures (Fig. 2a-h, upper
rows). On coronal sections, the pathways were consistently
identified as lying below the olfactory bulbs (Fig. 2a—h,
lower rows). In 29 of the 31 patients (94%) who under-
went thin-sliced, sagittal T2-weighted imaging, the path-
ways appeared as linear high-intensity signals in accord-
ance with that delineated on post-contrast sagittal images
(Fig. 3). Most of the pathways were identified as a single
channel coursing extracranially adjacent to the olfac-
tory fossa, whereas in two patients, the courses divided
into many branches (Fig. 4). Furthermore, in 32 patients
(38%), post-contrast sagittal images showed variable fill-
ing defects of gadolinium between the olfactory bulb and
the floor of the olfactory fossa, furthermore traversing the
venous pathway (Fig. 5). There were no differences found
in these patients compared to the remaining patients. Addi-
tionally, in 61 patients (73%), post-contrast sagittal images
showed diploic venous channels variably distributed in the
adjacent nasal bone and communicating with the venous
pathway (Fig. 6).

Discussion

In this study, the curvilinear venous pathway intervening
between the olfactory fossa and nasal vestibule was consist-
ently delineated both on sagittal and coronal images. It was
identified parasagittal on both sides with varying lengths,
diameters, and curvatures. In 38% of the 84 patients, post-
contrast sagittal images showed variable filling defects
between the olfactory bulb and the floor of the olfactory
fossa, furthermore traversing the venous pathway. Because
the olfactory filaments arising from the olfactory bulb,
coursing downward, and exiting the neural foramina of the
cribriform plate are accompanied by subarachnoid spaces
at the exits of the neural foramina [1], the filling defects,
probably containing the olfactory filaments and their sur-
rounding CSF-filled spaces, could join the venous pathway
lying underneath. Furthermore, in most of the patients who
underwent sagittal T2-weighted imaging, the venous path-
way appeared as a high-intensity signal in accordance with
that delineated on post-contrast sagittal images. Based on
these findings, we assumed that the venous pathway inter-
vening between the olfactory fossa and nasal vestibule could
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Fig.1 a-d Seral images of
post-contrast sagittal magnetic
resonance imaging of a 71-year-
old female patient showing a
curvilinear venous pathway
(arrows) in the left parasagittal
region intervening between the
olfactory fossa and nasal ves-
tibule. e Post-contrast coronal
magnetic resonance image at the
level of the posterior edge of the
bulb showing venous pathways
on both parasagittal regions
lying below the olfactory bulbs
(arrows). The venous pathway
shows segmental dilation at the
nasal vestibule (¢). IRM inferior
rectus muscle, MRM medial rec-
tus muscle, OB olfactory bulb,
SObM superior oblique muscle,
SRM superior rectus muscle

function as an extracranial route of CSF drainage into the
lymphatic vessels around the nasal vestibule. The reasons
for the venous pathway consistently reaching the nasal vesti-
bule and exhibiting segmental dilation at the nasal vestibule
remain unknown.

In this study, diploic venous channels variably distributed
in the nasal bone and communication with the venous path-
way were identified in more than 70% of the 84 examined
patients. This finding may reflect a unique characteristic of
the venous pathway and warrants further verification in a
sufficiently large population.

The present study has limitations and weaknesses. The
study population consisted of patients with inhomogene-
ous age distribution and uneven sex ratio. They were ret-
rospectively evaluated and not randomly assigned to the
contrast and non-contrast T2-weighted MRI examinations.

o »
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Furthermore, the hypothetical function of the venous path-
way as an extracranial route of CSF drainage was derived
only from MRI findings rather than quantitative analysis.
Despite these limitations, we believe that the results of this
study can provide a clearer understanding of the distinct
venous pathway intervening between the olfactory fossa
and nasal vestibule.

Conclusions
A curvilinear pathway intervening between the olfactory

fossa and nasal vestibule is a consistent venous structure
and may function as an extracranial route of CSF drainage.
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Fig.2 Post-contrast sagittal (a—f, upper rows) and coronal (a—f, lower upper rows) intervening between the olfactory fossa and nasal ves-
rows) magnetic resonance images of different patients showing vari- tibule. The venous pathway courses below the olfactory bulb (a—f,
able morphologies of the curvilinear venous pathway (a—f, arrow in arrows in lower rows). *Olfactory bulb

Fig.3 Post-contrast sagittal
(a) and sagittal T2-weighted
(b) magnetic resonance images
at the same level in the same
patient showing a curvilinear
venous pathway in the left
parasagittal region (arrows).
The venous pathway appears
as a high-intensity signal on
T2-weighted imaging in accord-
ance with that delineated on
post-contrast sagittal imaging
(b, arrows)
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Fig.4 a-d Sagittal T2-weighted
magnetic resonance images of
different patients showing a
single venous pathway cours-
ing extracranially adjacent to
the olfactory fossa (a—c, blue
arrows), and a venous pathway
dividing into many branches (d,
yellow arrows). (Color figure
online)

Fig.5 Post-contrast magnetic
resonance images of different
patients showing variable filling
defects of gadolinium between
the olfactory bulb and the floor
of the olfactory fossa (yellow
arrows), traversing the venous
pathway (blue arrows). (Color
figure online)
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Fig.6 a—c Post-contrast magnetic resonance images of different
patients showing diploic venous channels variably distributed in the
nasal bone (yellow arrows) and connecting with the venous path-
way coursing between the olfactory fossa and nasal vestibule (blue
arrows). (Color figure online)
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