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Olfactory Neuroblastoma: CT and MR Findings

Dong Kyung Lee, M.D., Moon Hee Han, M.D., Kee Hyun Chang, M.D.,
IN-One Kim, M.D., Heung Sik Kang, M.D., Kyung Mo Yeon, M.D.

Purpose : The purpose of our study was to determine the CT and MR imaging fea-
tures of olfactory neuroblastomas in 15 patients.

Materials and Methods : Fifteen patients with pathologically proven sinonasal olfactory
neuroblastomas were included in this study. MRI was performed in 12 cases, and CT in
11, while eight patients underwent both MRI and CT. Features analyzed included the
extent of the tumor at the time of presentation, its size and enhancement pattern, ero-
sion or destruction of bony structures adjacent to the tumor, and intratumoral cystic ar-
eas. Metastasis to regional lymph nodes of head and neck area was also evaluated.
Results : In all patients, the epicenter of primary tumor was the superior nasal cavity
or ethmoid sinuses. In 14 patients, the wall of the nasal cavity including the lamina pa-
pyracea was involved, while in 13 there was involvement of the cribriform plate.
Intracranial tumor extension was demonstrated in nine patients, and intracranial frank
mass formation in four. On MR, eight of 12 masses showed low signal intensity on T1-
weighted images, while in 11 cases, T2-weighted images revealed iso- or high intensity.
In 11 patients, the tumor showed a prominent enhancement pattern on post-contrast
enhanced images, while CT scans showed tumor enhancement in all 12 patients.
Conclusion : Olfactory neuroblastomas generally invade the paranasal sinuses and or-
bit, and are at Kadish stage B or C at the time at which symptoms suggest the need for
a hospital visit. Intracranial tumor extension of the tumor is frequent, but mass forma-
tion large enough to be detected radiologically is seen in less than half of all cases.
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Olfactory neuroblastomas, also known as esthesioneu-
roblastomas, are uncommon tumors originating from
the olfactory epithelium of the superior nasal cavity.
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They may occur at any age although bimodal peaks
have been observed in the second and the sixth decades
(1). Many studies based on cross-sectional imaging have
attempted to differentiate various sinonasal tumors, in-
cluding olfactory neuroblastomas. Unfortunately, how-
ever, these lesions tend to reveal no specific CT or MRI
findings, and specific diagnosis is thus very difficult (2,
3). Even pathological differentiation of these tumors
may be difficult, though pathologic diagnosis now relies
on the histochemical, biochemical and structural de-
monstration of neural elements as well as electron mi-
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croscopy (4-6).

It is well known that in olfactory neuroblastoma, in-
tracranial extension of a mass via the olfactory groove,
or extension to paranasal sinuses, is frequent (7-9), and
for accurate staging and preoperative planning, imaging
of these lesions to identify the intracranial and orbital
extension of the tumor is therefore essential.

The purpose of this study is to determine the CT and
MR imaging features of olfactory neuroblastomas, in-
cluding the primary extent of the tumors at the time of
presentation, in 15 patients.

Materials and Methods

Fifteen patients with pathologically proven sinonasal
olfactory neuroblastomas were included in this study.
Thirteen were male and two were female, and their age
ranged from 14 to 62 (mean, 33.9) years. Five of the pa-
tients were in their twenties, three in their teens, two in
their sixties, their forties, and their thirties, and one in
his fifties. Twelve patients underwent MRI, and eleven
CT, while eight underwent both MR and CT; all imag-
ing studies were performed prior to any treatment.

For CT scanning, a CT/T 9800 scanner (General Elec-
tric Medical Systems, Milwaukee, W1) or an equivalent
third generation CT scanner was used in all eleven pa-
tients. Sectional scans with 3-10 mm collimation were
obtained at 3-10 mm intervals. Contrast enhanced axial
and, when available, coronal images were obtained in
all these patients.

For MR imaging, Spin-echo MR images were obtained
onvarious MR imagers; a 1.5 T Signa (General Electric
Medical Systems, Milwaukee, W1) (n=2),a 1.0 T Mag-
netom Expert (n=1), a 1.5 T Magnetom (n=5),a05T
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GE-Max (General Electric Medical Systems, Milwaukee,
WI) (n=2), 1.0 T SP (General Electric Medical Systems,
Milwaukee, WI) (n=1), a Toshiba (n=1)anda2.0 T
Spectro-20000 (Goldstar medical Systems, Seoul, Korea)
(n=1). The imaging parameters were 350-800/14-
30(repetition time (TR) msec/echo time (TE) msec) for
T1- weighted images, and 2200-6000/ 80-100 (TR/TE)
for T2- weighted images. Sectional thickness was 4-5
mm, with an intersection gap of between 4 and 11 mm.
Field of view varied from 19-25 cm and acquisition ma-
trix from 192-256x 200-256.

Masses were evaluated according to the information
provided by pre-contrast T1- and T2-weighted axial im-
ages, T1-weighted coronal images, and post-contrast T1-
weighted axial images.

In all patients, tumors were mapped according to the
CT or MR findings. In the case of patients who under-
went both CT and MRI, the extent of the tumor at the
time of presentation was evaluated only on the basis of
the initial imaging modality performed.

Other imaging features of tumor included size, en-
hancement pattern, the erosion or destruction of bony
structures adjacent to the tumor, and intratumoral cystic
areas. In MR evaluation, the signal intensities of the tu-
mor in various imaging sequences were also included.
Signal intensities of each tumor at various pulse se-
quences were compared with those of muscles.

Tumor size is determined on the basis of the greatest
tumor diameter, and in order to accurately determine
the greatest diameter of a tumor whose longest dimen-
sion is parallel to the craniocaudal axis, contiguous im-
ages were thus examined. Where CT revealed invasion
of the paranasal sinus or orbit, disruption of the continu-
ity of a high-attenuated bony area caused by extension

Fig. 1. Sphenoid sinus invasion of olfac-
tory neuroblastomain a 42-year old
man. Contrast enhanced coronal CT
image (A) shows well enhancing mass
in the left nasal cavity and left ethmoid
sinus. The cribriform plate or the left
orbital wall does not show any abnor-
mality. Contrast enhanced axial CT im-
age (B) shows focal tumor invasion of
the sphenoid sinus (arrow).
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of a tumor was considered positive. The MR imaging
criterion of adjacent structural invasion by a tumor was
discontinuity of the low signal intensity line of bony cor-
tex. Decreased bony thickness by an abutting mass le-
sion without definite evidence of discontinuity of bony
structures was defined as bony erosion. Intratumoral
cystic areas were defined as intratumoral areas, with a
similar Hounsfield number to that of fluid.

Where images of neck areas were available, metasta-
sis to regional lymph nodes of the head and neck areas
was evaluated, and this was possible in 12 patients: CT
images were obtained in seven patients, and MR images
in eight. Lymph node metastases were considered posi-
tive when the respective size of radiologically detected
regional lymph nodes was greater than 1cm in long di-
ameter (11).

Results

In all cases, the epicenter of primary tumors was the
superior nasal cavity or ethmoid sinuses (Table 1). Bila-
teral tumor involvement of the ethmoid sinuses was
found in eight patients (53 %). Evaluation of the initial
imaging study showed that in all patients but one (93 %),
there was involvement of the wall of the nasal cavity in-
cluding the lamina papyracea. Involvement of the cribri-
form plate - either erosion or frank destruction - was
demonstrated in 13 patients (87 %), and in two there
was no radiological abnormality of the cribriform plate
(Fig. 1). Tumor invasion of the cavernous sinus was
demonstrated in one patient (Fig. 2).

In one patient, whose follow-up MRI about one month
later showed intracranial tumor involvement, the CT

Table 1. Tumor Mapping, Lymph Node Metastasis, and Tumor Size in 15 Patients with Olfactory Neuroblastoma

Ade/Sex Sphenoid Maxillary Ethmoid Orbital Cribriform Intraorbital Cavernous Intracranial Intracranial Neck node Tumor Size
g Sinus Siuns Sinus Wall Plate linvasion Sinus  Involvement  Mass  Enlargement (cm)
23/M - + + + + - - - - - 6
25/M - + + + + - - ? - ? 7
36/M - + + + + + - + + - 4.2
62/M - + + + + - - + + + 57
24/M + - + + + - + + - + 5
19/F + - + + + - - - - - 3.5
52/M - + + + - + - - - + 3.8
42/IM + + + + + + - + + ? 8.2
17/M - + + + + + - + - + 7
62/F - - + + + _ - _ _ _ 48
27IM + + + + + + _ + + + 10
24/M + + + + + - _ + _ ) 5
42/M + - + - - - - - - - 4.2
13IM - - + + + + - + - + 55
36/M - - + + + + - + + ? 7.2

+: Involved; -: Not Involved; ?: Unable to Evaluate

Fig. 2. Cavernous sinus invasion of ol-
factory neuroblastoma in a 24-year-old
man. Precontrast T1-weighted MR im-
age (A) shows a hypointense tumor in-
volving the ethmoid and sphenoid si-
nuses. On Gadolinium-enhanced T1-
weighted sagittal MR image (B), the in-
ternal carotid artery (arrows) is encased
by the mass. Note strong enhancement
of the tumor.
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scan of the area above the ethmoid sinus was not avail-
able. The evaluation of intracranial tumor extension
seen on initial images was thus possible in 14 patients,
and in nine of these (64 %), extension was demonstrat-
ed. Frank mass formation in the brain, with adjacent
parenchymal edema, was demonstrated in four of these
nine (44 %), and remaining five, discontinuity of the
bony cribriform plate was definite, but only dural en-
hancement or thickening was present, with no evidence
of intracranial tumor formation (Fig. 3). Follow up im-
ages showed intracranial tumor involvement in two fur-
ther patients. Intracranial tumor extension was thus
seen in a total of 11 patients (73 %). Three of nine mass-
es with intracranial extension had intratumoral cystic
areas in their intracranial portion (Fig. 4). Two masses
had cysts in their peripheral margins, but in one case,
the cystic area was in the center of the mass. In two cas-
es, the interface between solid areas and cystic portions
of the tumor was convex to the direction of cystic areas.
In no patient cystic lesion was detected in the extracra-
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nial portion of the tumor.

Lymph node metastasis occurred in six of twelve pa-
tients; this involved the jugulodigastric chain in four, the
retropharyngeal chain in two, and the posterior spinal
accessory chain in two (Fig. 5). The mean diameter of
primary tumor with lymph node metastasis was 6.2 cm,
which was greater than that without regional lymph n-
ode metastasis (4.6 cm). Both patients with retropharyn-
geal node metastasis were less than twenty years old.

On MR, eight of 12 masses showed low signal intensi-
ty on T1-weighted images, three masses showed iso-sig-
nal intensity and only one mass showed slightly higher
signal intensity than gray matter. On T2-weighted im-
ages, the mass showed iso- or high signal intensity in 11
cases, and in only one patient was the signal intensity of
the tumor lower than that of gray matter. In 11 patients,
the tumor showed a prominent enhancement pattern on
post-contrast enhanced images, and minimal tumor en-
hancement was seen in the other. CT scans also demon-
strated prominent tumor enhancement in all 12 patients.

Fig. 3. Intracranial involvement of ol-
factory neuroblastoma in a 63-year-old
female. Precontrast T1-weighted axial
MR image (A) shows a hypointense tu-
mor involving the left ethmoid sinuses
and the left nasal cavity. On T2-weight-
ed axial MR image (B), the tumor is
seen as hyperintensity. Gadolinium-en-
hanced T1-weighted axial (C) and coro-
nal (D) MR image shows intense en-
hancement of the tumor. Note the dis-
continuation of hypointense bony cor-
tex in the cribriform plate (arrowhead)
and medial wall of the left orbit (ar-
row).
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Discussion

Olfactory neuroblastomas are unusual tumors that
arise primarily in the nasal fossa and are considered to
be one of the differential diagnoses of masses in the su-

perior nasal vault. Normally, olfactory epithelium can
exist in any area between the cribriform plate and the
level of the middle turbinates, and olfactory neuroblas-
tomas can therefore arise in that area with the same dis-
tribution as that of olfactory epithelium (11). Primary
parasellar, nasopharyngeal, and paranasal sinus lesions

Fig. 4. Intracranial mass formation of
olfactory neuroblastomain a 42-year-
old man. T1-weighted axial MR image
(A) shows a mass involving the nasal
cavity, ethmoid sinus, and the left or-
bit. T2-weighted axial MR image (B) at
the upper level shows a hyperintense
mass that extends contiguously from
the sinonasal mass. There is a crescent-
shaped area (arrowheads) in the pe-
riphery of the mass. It has the same sig-
nal intensity as that of CSF. On Gadoli-
nium-enhanced T1-weighted sagittal
MR image (C), the intratumoral cystic
area has well-demarcated margin with
prominent rim enhancement. Contrast
enhanced coronal CT image (D) shows
large intracranial tumor extension (ar-
rows).

Fig. 5. Regional lymph node metastasis
of olfactory neuroblastoma in 52-year-
old man. Gadolinium-enhanced T1-
weighted coronal MR image (A) shows
a large tumor, involving the right nasal
cavity, paranasal sinuses including the
maxillary sinus, and the right orbit.
Note the gross mass formation (arrow-
head) in the right orbit. Gadolinium-en-
hanced T1-weighted axial MR image
(B) shows an enlarged lymph node (ar-
row) in the right internal jugular chain.
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have been described in the literature, though we have
not encountered such cases (2, 12-14). In our series, the
most common CT or MR imaging appearance of olfacto-
ry neuroblastomas at the time of initial diagnostic work-
up was a mass in the superior nasal cavity or ethmoid si-
nus, with destruction of the cribriform plate and in-
volvement of the lateral nasal wall including the lamina
papyracea.

Intracranial extension was common, although gross
invasion and mass formation in the parenchyma of the
brain were found in less than half of all cases with in-
tracranial tumor extension. Kadish classified three
groups for the staging of olfactory neuroblastoma: Group
A, a tumor confined to the nasal cavity; Group B, a tu-
mor involving the nasal cavity and paranasal sinuses;
and Group C, a tumor which has spread beyond the
nasal cavity and paranasal sinuses (15).

In our study, most but not all olfactory neuroblas-
tomas invaded the cribriform plate or orbital wall, caus-
ing bony erosion or destruction, and most thus belonged
to Kadish group B or C. This result may represent the
uppermost location of a primary tumor in the nasal cavi-
ty, rather than an exclusive feature of the tumor itself.
Any malignant tumors other than olfactory neuroblas-
tomas originating from the superior nasal cavity or eth-
moid sinus readily demonstrate invasion of adjacent
structures such as the olfactory bulb, anterior cranial
fossa, orbits, and paranasal sinuses (9, 16). Although ol-
factory neuroblastoma is a unilateral mass, our series
showed that extension of the mass involved the opposite
nasal cavity or paranasal sinuses.

Common sense suggests that the greater the diameter
of the primary mass, the higher the likelihood that the
tumor will invade adjacent structures, and our results
support this supposition. In two cases in our series with
intraorbital tumor extension, the tumor was smaller
than average, and without intraorbital extension. Thus,
a small primary mass does not necessarily imply con-
finement in nasal cavity, or that the tumor is at a lower
stage.

Furthermore, tumor invasion of adjacent paranasal si-
nuses, especially the ethmoid sinus, was detected in all
patients in our series. Kadish reported the percentage of
stage A as about 40% (15), but according to his staging,
no patient in our series belonged to stage A; in most of
our patients the tumor invaded the ethmoid sinuses.
Other reported imaging studies have presented similar
results (7, 17). One report dealing with the clinicopatho-
logical features of olfactory neuroblastoma showed that
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only one of 21 cases belonged to Group A (18). The sig-
nificant discrepancy between Kadish’ s results and those
of other investigators may be due to the fact that his s-
tudy did not include cross sectional images, and tumor
imaging involved only roentgenological evaluation.
Thus, in his study, the extent of primary tumor could be
underestimated.

In olfactory neuroblastomas, the detection of intracra-
nial tumor extension is very important in tumor staging
and planning in relation to radiation ports or craniofacial
surgery. In olfactory neuroblastomas, the reported rate
of gross intracranial spread is about 30 % (15). In five pa-
tients, in our study with intracranial tumor extension,
average mass size (6.4cm) was greater than in those
without such extension (4.5 cm). Due to the small sam-
ple size in our series, the significant difference in tumor
size between these two groups is unknown. One patient
with a 4.5cm-sized tumor showed intracranial exten-
sion, but the size in this case was the same as the aver-
age size of a tumor without intracranial extension. Thus,
tumor growth to a certain critical size may not always
precede intracranial extension of olfactory neuroblas-
toma.

MR generally fails to demonstrate a small area of bony
destruction in the floor of the anterior cranial fossa, so
the image is not as clear as those obtained by CT. More
than a few millimeters of bony defect may, however, be
detected on MR as an area of absent signal void in the
bone. Pamela et al. suggested that the decreased sensi-
tivity of MRI in detecting minimal bone erosion can be
overcome by the use of Gd-DTPA, which shows abnor-
mal enhancement at the site of bony defect and the en-
hancing epidural tumor bulge (19). We agree with the
results of another report which claims that due to its u-
nique capability of multiplanar imaging, MR is superior
to CT both in distinguishing a tumor from associated in-
flammatory disease and in tumor mapping (11). On the
other hand, because CT more clearly demonstrates
bony structures, subtle erosion of the cribriform plate
and roof of the ethmoid sinus is more easily demonstrat-
ed on CT than on MRI (20). In cases of contiguous tu-
mor spread to adjacent structures, frank bony destruc-
tion is also detected more easily on CT, appearing as dis-
continuity of markedly high-attenuated bony structures
by primary mass, with soft tissue attenuation.

In view of the fact that tumor staging is determined on
the basis of invasion of adjacent anatomical compart-
ments, and that MR is superior to CT in tumor mapping,
CT demonstration of bony destruction does not seem to
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provide radiologists with additional information about
tumor staging, or offer clinicians a treatment plan. Our
series showed that a tumor invariably involves the lami-
na papyracea, and that at the time of initial imaging
there may also be frank bony destruction. The erosion
of adjacent bony structures does not influence the stag-
ing of this neoplasm, and this is not a specific finding of
nasal tumors. Where there is no detectable bony erosion
of lamina papyracea in a case involving nasal mass imag-
ing, this finding can, however, help exclude the diagnos-
tic possibility of olfactory neuroblastoma.

In our series, three tumors of five with intracranial tu-
mor extension had intratumoral cystic areas involving
the brain, and one report insisted that such a finding
should be one of the specific imaging characteristics of
olfactory neuroblastoma (21). However, our study did
not include sinonasal tumors other than olfactory neu-
roblastomas, and for confirmation of this finding as a
valuable diagnostic feature, further studies must be un-
dertaken.

Except in one case, our study did not reveal any cystic
areas in the extracranial portion of the mass, as seen on
cross- sectional images. There was no evident extracra-
nial cystic or hemorrhagic area, even in masses in which
the cystic portion lay within intracranial areas, as in two
of three cases. Although histologic evaluation of olfacto-
ry neuroblastomas readily shows necrotic areas, other
radiological reports reached the same conclusions as
ours (19, 22). This result implies that intracranial cystic
or hemorrhagic areas of this neoplasm might not repre-
sent specific biologic features of the tumor itself, but
could be the products of unknown interaction between
atumor and the brain.

In cases of olfactory neuroblastoma, the establishment
of a proper treatment plan depends on the evaluation of
regional lymph nodes. According to many clinical stud-
ies of olfactory neuroblastoma, metastasis to cervical
lymph nodes, the liver, bone and other sites occurs in
14-20% of patients (15, 23, 24). In our series, the region-
al lymph node metastasis rate was 50 %, a higher per-
centage than that noted in other studies. The mean di-
ameter of primary tumor with lymph node metastasis
was larger than that in which there was no such metas-
tasis. Due to the small sample size, the significance of
these values is unknown, but the result shows an in-
creased incidence of regional metastasis in advanced tu-
mors. In general, metastasis of nasal mass occurs initial-
ly via the retropharyngeal chain, but repeated infection
in childhood makes obliteration of lymph nodes in

retropharyngeal areas. This fact could explain the ab-
sence, in our series, of lymph node metastasis in adult
via the retropharyngeal chain.

The features of this tumor revealed by CT, namely
that it is a homogeneous soft tissue mass showing uni-
form enhancement in the superior nasal cavity (25),
were reconfirmed in our study. All the masses in our se-
ries showed a prominent enhancement pattern on CT s-
cans. It is well known that the MR appearance of olfac-
tory neuroblastoma is variable (7, 15, 19).

In conclusion, our study showed that olfactory neu-
roblastomas generally belong to Kadish stage B or C at
the time at which symptoms are apparent. Intracranial
tumor extension was frequent, but frank mass forma-
tion large enough to be detected radiologically was seen
in less than half of all cases. Regional lymph node meta-
stasis was also frequent.
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