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MR of Esthesioneuroblastoma (Olfactory Neuroblastoma) and
Appearance after Craniofacial Resection

James J. Schuster, C. Douglas Phillips, and Paul A. Levine

PURPOSE: To analyze the MR characteristics of a series of patients with esthesioneuroblastoma
and discuss the typical surgery and its postoperative MR appearance. METHODS: The MR studies
of 15 patients with the pathologic diagnosis of esthesioneuroblastoma (also known as olfactory
neuroblastoma) were retrospectively reviewed and correlated with CT and surgical findings. The
postoperative MR studies of 10 patients who underwent craniofacial resection were also reviewed.
RESULTS: In all cases the tumors arose in the superior nasal cavity and extended into the ethmoid
cells. In some instances the tumors extended into the other paranasal sinuses, orbits, anterior
cranial fossa, and cavernous sinus. The tumors were typically expansile and destructive in their
growth patterns. Compared with brain gray matter, the tumors were hypointense on T1-weighted
images and isointense to hyperintense on T2-weighted images. Nine tumors were heterogeneous
and 6 were homogeneous. Contrast enhancement ranged from mild to marked. MR was useful for
characterizing the various tissues and distinguishing fluid in the postoperative nasal cavity.
CONCLUSIONS: Esthesioneuroblastoma, although an uncommon tumor, may be suspected in
lesions of the superior nasal cavity demonstrating both expansile and destructive growth properties.
The MR findings are otherwise nonspecific. MR is the imaging modality of choice for depicting
local tumor extension and evaluating for recurrence after craniofacial resection.

Index terms: Esthesioneuroblastoma; Nasal cavity; Paranasal sinuses, neoplasms; Head, magnetic
resonance
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Esthesioneuroblastoma, also referred to as ol-
factory neuroblastoma, is an uncommon malig-
nant tumor of neural crest origin that arises from
the olfactory epithelium of the superior nasal
cavity. High-resolution computed tomography
(CT) has been the imaging procedure of choice.
In our experience, magnetic resonance (MR) can
provide additional information that is crucial for
treatment planning because the tumor is often
more extensive than clinically appreciated. The
treatment policy at our institution consists of
preoperative radiotherapy preceding craniofacial
resection. Adjuvant chemotherapy is reserved for
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tumor spread beyond the nasal cavity and para-
nasal sinuses. Craniofacial resection uses a frontal
craniotomy to permit a safe, controlled resection
of the cribriform plate and fovea ethmoidalis
region.

Materials and Methods

We retrospectively reviewed the MR studies of 15 pa-
tients referred to our institution with esthesioneuroblas-
toma. The pathologic reports of all 15 patients and the
surgical, hospital, and outpatient records of all but two
patients were available for review. These clinical data were
correlated with the MR findings. The patients ranged in age
from 16 to 73 years (mean, 53 years); 10 were male and 5
female. MR examinations were performed at initial tumor
presentation in 11 patients. Four patients had MR exams
that demonstrated tumor recurrence after previous surgery
(2 after lateral rhinotomy and 2 after craniofacial resection).
Nine of these patients were reimaged after preoperative
adjuvant therapy (ie, radiation alone or chemotherapy plus
radiation). Eight patients with esthesioneuroblastoma were
imaged at 1.5 T (Siemens Magnetom, Iselin, NJ, 7 patients;
General Electric Signa, Milwaukee, Wis, 1 patient), 4 at 1.0
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T (Siemens Magnetom), 1 at 0.5 T (Picker Vista Q, Highland
Heights, Ohio), and 2 at 0.3 T (Beta 3000 M, Fonar, Melville,
NY).

Spin-echo images acquired had 3- to 5-mm thickness,
256 X 256 or 256 X 192 matrix, and 18- to 23-cm field of
view. Consecutive sections were separated by a 1.0- or
2.5-mm gap. T1-weighted images (500-800/20-25/2 [rep-
etition time/echo time/excitations]) and T2-weighted im-
ages (2200-2500/20-30, 60-90/1) were obtained in all
patients. Sagittal T1-weighted images were acquired in all
15 patients with esthesioneuroblastoma. Images were ac-
quired in the coronal plane in 14 examinations (T1-
weighted images in 12 patients, T2-weighted images in 12
patients). Images were acquired in the axial plane in 14
examinations (T1-weighted images in 6, T2-weighted im-
ages in 8). Images were enhanced with gadopentetate
dimeglumine (Magnevist, Berlex Laboratories, Cedar
Knolls, NJ) in 10 patients (coronal plane in 10 patients,
sagittal plane in 7, axial plane in 4); in the other 5 patients
the scans predated its availability. Eleven patients with
esthesioneuroblastoma also had coronal CT exams (6 pa-
tients, Siemens DRH; 4 patients, GE 9800; 1 patient, Picker
PQ 2000).

MR images of patients with esthesioneuroblastoma were
retrospectively reviewed by two of us (J.J.S. and C.D.P.).
We compared the tumor signal characteristics on all se-
quences to brain gray matter. MR and CT images were
compared to determine their ability to depict tumor exten-
sion, bone destruction, nasal cavity expansion, involvement
of the cribriform plate, hemorrhage, calcification, and dif-
ferentiation from entrapped sinus fluid. The imaging find-
ings were correlated with surgical or biopsy findings in 13
patients.

Ten patients had MR results available for review after
craniofacial resection. Eight of these had gadopentetate
dimeglumine-enhanced T1-weighted scans; the studies in
the two other patients predated contrast availability. All
these studies were performed at our institution (Siemens
1.5 T, 9 patients; Siemens 1.0 T, 1 patient). Two of these
patients also had postoperative CT results available for
review.

Results

MR demonstrated that all 15 tumors were cen-
tered in the superior nasal cavities with extension
into the ethmoid sinuses. Tumor extension into
the following additional locations was demon-
strated: maxillary sinus (9 patients), sphenoid
sinus (2 patients), frontal sinus (2 patients), orbits
(5 patients), anterior cranial fossa (6 patients),
brain (1 patient), cavernous sinus (2 patients),
and pterygomaxillary fossa (1 patient). These
findings were confirmed in 13 patients by review-
ing the surgical reports. Compared with brain
gray matter, 10 tumors were hypointense and 5
isointense on T1-weighted images; 9 isointense,
5 hyperintense, and 1 hypointense on proton-
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density images; and 7 isointense and 8 hyperin-
tense on T2-weighted images. Contrast enhance-
ment was uniform in 6 of 10 tumors (Fig 1C) and
heterogeneous in 4 of 10 tumors (Figs 2, 3, and
4). The enhancement ranged from mild to
marked.

MR clearly was superior to CT in differentiating
tumor from entrapped sinus fluid. Coronal images
generally yielded the most useful information. In
most cases, the T2-weighted images were excel-
lent in demonstrating the contrast between very
high signal sinus fluid and moderately high to
intermediate signal intensity of tumor (Fig 1C).
However, there were three cases in which precon-
trast and postcontrast T1-weighted images were
superior in making this distinction. This usually
occurred when sinus fluid had an intermediate
signal intensity on T2-weighted images that was
similar to the tumor. In these cases, the tumor
diffusely enhanced, whereas the fluid-filled si-
nuses demonstrated only peripheral mucosal en-
hancement (Figs 1D and 1E).

The tumor had homogeneous signal intensity
on T2-weighted images and noncontrast T1-
weighted images in 6 patients (Fig 1). In 9 patients
the tumor had a heterogeneous MR appearance
on postcontrast T1- and T2-weighted images (Fig
2). Four of the 6 tumors that extended into the
anterior cranial fossa had heterogeneous signal.
Two of the four tumor recurrences were hetero-
geneous (Fig 3). Signal heterogeneity was also
helpful in distinguishing tumor from entrapped
sinus fluid (Figs 2A and 2B). Calcification was
demonstrated in 4 of the 11 patients who had
preoperative CT examinations. One of these was
a tumor recurrence. The MR examination of only
one patient demonstrated foci of low signal that
corresponded to calcifications on CT. Focal hem-
orrhage was not seen within any tumor, with the
exception of patients who had undergone recent
biopsy. Biopsy sites appeared as small foci of
high signal on T1-weighted images, generally in
the anterior inferior aspect of the tumor.

We characterized 12 of the 15 tumors as ex-
pansile and destructive. The tumors of two pa-
tients were thought to be purely destructive. The
expansile tendency of esthesioneuroblastoma
was characterized by bowing of the sinus walls
(Figs 2—-4). The destructive nature was manifested
as tumor replacing the turbinates, nasal septum,
and sinus walls with extension into contiguous
areas (Fig 1). Another patient had a subtle tumor
recurrence that was neither expansile nor destruc-
tive but was biopsied after MR demonstrated



AJNR: 15, June 1994 ESTHESIONEUROBLASTOMA 1171

Fig. 1. Sixty-seven-year-old man with nasal stuffiness. A to E are from pretherapy
MR study. Fand G are from MR study 10 months after craniofacial resection.

A, Precontrast sagittal T1-weighted image shows a mass (asterisk) with homogeneous
intermediate signal in the superior nasal cavity with extension through the cribriform
plate. Because the usual linear low signal of dura was absent (short arrows), the tumor
was thought to have invaded through the dura into the anterior cranial fossa. This was
confirmed at surgery. Tumor is differentiated from fluid in the frontal sinus and sphenoid
sinus (long arrows) by different signal intensity.

B, Coronal T2-weighted image (2500/90) shows the mass to have homogeneous
intermediate signal (isointense to gray matter). The mass is easily distinguished from
fluid-filled ethmoid sinuses (arrowheads).

C, Postcontrast coronal T1-weighted image (500/20), same level as B, shows a
uniform, moderately enhancing mass that is distinguished from low-signal fluid in the
uninvolved ethmoid sinuses (arrows). The superior extent of the tumor is well depicted.

D, Coronal T2-weighted image shows high-signal inflammatory fluid in the right side
of the sphenoid sinus and intermediate signal filling the left side of the sinus. On this
image it cannot be determined whether the left side of the sinus contains fluid or tumor.

E, Postcontrast coronal T1-weighted image, at same location as D, demonstrates no tumor in the sphenoid sinus, only intermediate-
signal inflammatory fluid. There is peripheral mucosal enhancement within the sinus (arrowheads).

F, Precontrast sagittal T1-weighted image after craniofacial resection. Tumor mass has been removed, and there is tissue with mixed
intermediate and high signal (arrows) in the superior nasal cavity and frontal sinus, which represents the fat, fascia, and muscle grafts
placed at surgery (see text).

G, Postcontrast coronal T1-weighted image after craniofacial resection, at a location similar to B and C, shows uniform enhancing
tissues in the superior nasal cavity (arrow). This is a common postoperative finding, representing granulation tissue. The tumor, middle
and superior turbinates, nasal septum, and ethmoid sinuses have been resected. There is inflammatory fluid with irregular mucosal
enhancement within both maxillary sinuses.
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Fig. 2. Sixteen-year-old boy. f

A, Coronal T2-weighted image (2500/90)
shows an expansile mass that has predomi-
nately high signal (white arrow) with smaller
areas of intermediate signal (black arrow).
The tumor signal heterogeneity allows it to
be distinguished from entrapped low-signal
fluid (asterisk)and thickened high-signal mu-
cosa (arrowheads).

B, Postcontrast coronal T1-weighted im-
age (500/20) at same location as B. There
is heterogeneous enhancement of the tumor.
There is expansion into the left orbit (arrow)
and the maxillary sinus (arrowhead) without
evidence of extension through the cribriform
plate.

C, Precontrast sagittal T1-weighted im-
age (500/20) 2 years after craniofacial re-
section shows a large area of increased signal
in the superior nasal cavity (asterisk) and
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in the region of the obliterated frontal sinus (arrowhead). This finding was unchanged when compared with an MR study 1 year after
craniofacial resection (not shown) and represents fat placed at the time of surgery.

D and E, Coronal precontrast T1-weighted image (500/20) and T2-weighted image (2500/20) 2 years after craniofacial resection at
similar locations as B and C. There has been resection of the tumor, superior and middle turbinates, left ethmoid sinuses, and the
medial wall of the left maxillary sinus. Residual fluid is seen in the right maxillary sinus and remaining portions of the right ethmoid
sinuses (asterisks). Tissue placed at surgery in the superior nasal cavity follows the signal characteristics of fat (arrows).

persistent soft tissue in the high nasal cavity.
Both CT and MR were able to demonstrate orbital
and intracranial involvement (anterior cranial
fossa, cavernous sinus, and brain) in all patients
subsequently shown to have tumor extension to
these regions at surgery. We considered MR more
accurate in depicting the exact margins of intra-
cranial tumor extension because of its ability to
obtain direct sagittal and coronal images and
superior contrast between tumor and normal tis-
sue, such as dura. In the one patient with brain
invasion, the subarachnoid spread of tumor was
seen only on MR (Fig 4). The cribriform plate
seemed to be involved on MR in 11 of 15 patients
and in 8 of 11 patients who had preoperative CT
examinations. These data correlated with the
findings at surgery. All 8 patients who had crib-
riform plate involvement on CT demonstrated
this finding on MR.

There were two tumor recurrences in the 10
patients who had MR after craniofacial resection.
We believe sagittal and coronal images best de-
picted the nasal cavities after tumor, turbinate,
and cribriform plate removal. Noncontrast MR
demonstrated varying amounts of soft tissue with
a range of signal intensities in the superior nasal
cavities. This depended on what type of tissue
(muscle, fat, bone, fascia, or combinations
thereof) was placed in this region after resection
(Figs 2C-2E). Enhancing tissue usually persisted
in the superior nasal cavity after craniofacial
resection. This tissue ranged from 2 to 10 mm in
thickness and was hypointense or hyperintense
on T2-weighted images. In one of our patients
this tissue was biopsied 6 months after cranio-
facial resection and at pathologic examination
represented granulation tissue. Serial follow-up
MR scans were useful in assessing for stability or
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Fig. 3. Forty-three-year-old woman who
underwent craniofacial resection in January
1988 for esthesioneuroblastoma. A and B,
done in June 1988. C and D, done January
1990. MR studies performed in December
1988 and December 1989 (not shown) dem-
onstrated increasing size of recurrent tumor.

A, Precontrast coronal T1-weighted im-
age (500/20) shows low-signal tissue (aster-
isk) in the right superior nasal cavity that
cannot be distinguished from entrapped
fluid.

B, Coronal T2-weighted image (2500/90)
shows intermediate signal in the right supe-
rior nasal cavity (arrow) that is distinguished
from entrapped fluid (arrowhead). The pos-
sibility of residual tumor was raised on this
initial postoperative scan.

C and D, Coronal T1-weighted images
(500/20) before and after contrast adminis-
tration show huge expansile tumor recur-
rence with spread into both orbits and an-
terior cranial fossa. The central area of non-
enhancement presumably represents necro-
sis (arrow).

Fig. 4. Forty-seven-year-old woman.

A and B, Postcontrast sagittal and coronal T1-weighted images show an expansile
mass with heterogeneous enhancement that extends from the superior nasal cavity
superiorly into the anterior cranial fossa. Irregular linear enhancement between sulci
indicates subarachnoid spread of the tumor (white arrows). Entrapped sphenoid sinus
fluid has low signal with peripheral mucosal enhancement. The enhancing tumor also
extends into the right pterygomaxillary fossa (black arrow).

C, Coronal T2-weighted image shows mass to be hyperintense (asterisks). Vasogenic
edema in the right frontal lobe indicates direct brain invasion by the tumor.

D, Axial CT shows bowing of medial orbital walls caused by the expansile nature of
the mass. Ethmoid plates and the nasal septum are destroyed.
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a decrease in the amount of this enhancing tissue
to exclude residual or recurrent tumor. In most
cases, there was retained fluid and mucosal thick-
ening in the paranasal sinuses and nasal vaults.

The MR scans after craniofacial resection dem-
onstrated a variety of appearances in the space
between the anterior wall of the surgically oblit-
erated frontal sinus and the dura (Figs 1F and
2C). Most commonly there was a thin layer of
tissue that was hypointense signal on T1-
weighted images that enhanced and became
moderately hyperintense on T2-weighted images.
We presume this represents granulation tissue
similar to the tissue usually present in the superior
nasal cavity. Often there was an associated cen-
tral fluid component that did not enhance. Oc-
casionally there was nonenhancing tissue of high
signal on T1-weighted images, which lost signal
on T2-weighted images. This represented fat
placed at surgery in this space. Scans obtained
relatively early after craniofacial resection occa-
sionally showed evidence of blood-breakdown
products, that is, methemoglobin that was high
on T1- and T2-weighted sequences.

Discussion

Esthesioneuroblastoma may arise anywhere
throughout the distribution of the olfactory epi-
thelium, which extends from the cribriform plate
to the middle turbinates (1). Patients initially pres-
ent with nasal symptoms, most frequently unilat-
eral nasal obstruction and epistaxis. Other symp-
toms, such as rhinorrhea and anosmia, may be
present. A cerebrospinal fluid leak and headache
may develop (2). Often the initial clinical diagnosis
is incorrect. Nasal carcinoma, nasal polyps, or
sinusitis may be suspected. The differential di-
agnosis of a superior nasal vault mass includes
squamous cell carcinoma, adenoid cystic carci-
noma, sinonasal undifferentiated carcinoma, ma-
lignant melanoma, lymphoma, lymphoepithe-
lioma, extramedullary plasmacytoma, minor sal-
ivary gland tumors, neuroma, and sarcoma
(especially rhabdomyosarcoma) (3).

Esthesioneuroblastoma bears histologic resem-
blance to neuroblastomas at other sites. Esthesi-
oneuroblastoma has become recognized increas-
ingly by surgical pathologists with the clarification
of the light-microscopic features and clinical
awareness (4). The presence of either an inter-
cellular fibrillary background or Homer Wright
rosettes in a sinonasal neoplasm is diagnostic for
esthesioneuroblastoma. Formerly, esthesioneu-
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roblastomas were classified as neuroepitheliomas,
neuroblastomas, or neurocytomas. Such desig-
nations were abandoned when subsequent data
showed a lack of correlation between morpho-
logic features and prognosis (5, 6). Occasionally,
electron microscopy and immunohistochemistry
studies are needed to confirm the diagnosis. Ol-
factory neuroblastoma is used more commonly
by surgical pathologists; esthesioneuroblastoma
is the most widely accepted term by head and
neck surgeons (3).

The MR appearance of esthesioneuroblastoma
is variable. The tumor can have homogeneous or
heterogeneous signal characteristics. Compared
with brain gray matter the tumors are generally
hypointense on T1-weighted images and isoin-
tense to hyperintense on proton-density and T2-
weighted images. We chose to compare the tu-
mor signal intensity with gray matter, because in
all cases the tumor was hyperintense to white
matter and muscle on T2-weighted images. The
tumors can almost always be differentiated from
entrapped sinus fluid after careful scrutinization
and comparison of all image sequences, including
postcontrast scans. The tumors in our series did
not demonstrate evidence of hemorrhage. The
MR appearance of the recurrent esthesioneuro-
blastoma did not differ significantly from tumors
imaged at initial presentation. Contrast enhance-
ment of the tumor is variable but always present.
Esthesioneuroblastoma often expands the nasal
cavity, usually with concurrent destruction of the
nasal septum, turbinates, and ethmoid septa. Lo-
cal extension with further bone destruction can
occur. Although subtle erosion of the cribriform
plate and roof of the ethmoids is better seen on
CT, esthesioneuroblastoma usually presents at a
stage at which the cribriform plate involvement
is easily seen on MR as well. It is not crucial to
detect subtle involvement of the cribriform plate,
because this structure is resected en bloc at the
time of craniofacial resection (7). These MR fea-
tures of esthesioneuroblastoma are nonspecific
and cannot be differentiated readily from differ-
ential considerations listed above. Biopsy may be
required to make a definitive diagnosis.

The CT features of esthesioneuroblastoma are
a homogeneous soft-tissue mass with relatively
uniform enhancement centered in the superior
nasal cavity (8). Bone molding and erosion is
frequent. Calcification has been reported in es-
thesioneuroblastoma both histologically and ra-
diologically (9, 10). Som et al have pointed out
that CT provides an accurate assessment of the
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extent of sinonasal tumors before craniofacial
resection (11). This may result in modification of
the craniotomy flap size and extent of dura or
brain to be removed. Another series with fewer
patients examined with MR and a case report
have specifically discussed the appearance of
esthesioneuroblastoma on MR (12, 13). A review
of the MR appearance of sinonasal sinus tumors
concluded that nearly 95% of tumors in this
region have intermediate signal on T2-weighted
images and are generally homogeneous in ap-
pearance (14). The authors found that the re-
maining 5% of tumors that have increased signal
are almost exclusively minor salivary-gland tu-
mors and some neuromas. However, only 3 of
the 53 tumors in this series were esthesioneurob-
lastomas. In our series of esthesioneuroblastoma,
53% (8 of 15) had predominately increased signal
on T2-weighted images when compared with
brain gray matter. However, in all cases the tu-
mors were less intense than the very high signal
of nondehydrated sinus fluid. Therefore, if a si-
nonasal tumor demonstrates increased signal on
T2-weighted images, esthesioneuroblastoma
should be considered in the differential diagnosis,
but the presence of predominately intermediate
signal does not exclude it. Another report con-
cluded that malignant sinonasal tumors that in-
vade the anterior cranial fossa tended to have a
homogeneous appearance, whereas inflamma-
tory polyps and occasional mucoceles that in-
vaded the anterior cranial fossa had a heteroge-
neous MR appearance (15). However, 1 of the 2
esthesioneuroblastomas in that series did have
heterogeneous signal thought to be caused by
tumor necrosis. In our series, 4 of the 6 esthesi-
oneuroblastomas that invaded the anterior cranial
fossa had heterogeneous signal. However, none
of these 4 cases had the very low signal of
desiccated secretions, which are often associated
with mucoceles and inflammatory disease (16).
We agree with others that MR is superior to
CT in mapping sinonasal tumor extension be-
cause of its ability to distinguish tumor from
inflammatory tissue and multiplanar imaging ca-
pability (14). In general, T2-weighted images are
the most useful in distinguishing tumor from
associated inflammatory disease. The proton-
density images in our series did not provide any
unique information. Because there is a spectrum
of signal intensities that are demonstrated by
chronically obstructed sinuses on TZ2-weighted
images (17), we feel that the precontrast T1-
weighted images occasionally contribute unique
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information to make this distinction (Figs 1D and
1E). In addition, this sequence serves as a com-
parison for the postcontrast T1-weighted images.
Our experience in this series also supports the
conclusions of Lanzieri et al that gadolinium-
enhanced images can be useful in differentiating
neoplasms from coexisting inflammatory disease
(18). Postcontrast T1-weighted images are also
the most useful in depicting the margins of intra-
cranial extension.

In 1976, Kadish et al proposed a staging clas-
sification of esthesioneuroblastoma based on ex-
tent of disease: stage A is involvement of the
nasal cavity only; stage B is involvement of the
nasal cavity and one or more paranasal sinus;
and stage C is involvement outside the nasal
cavity including orbit, base of skull, intracranial
cavity, cervical nodes, or distant metastases (19).
The optimal treatment for esthesioneuroblastoma
remains controversial (20). Some authors rec-
ommend radiation therapy or surgery alone for
early-stage disease, reserving the alternative mo-
dality as salvage therapy for treatment failures.
The current treatment policy at our institution
consists of radiation therapy (50 Gy) followed 4
to 6 weeks later by surgery for stage A and B
disease. For stage C disease chemotherapy con-
sisting of cyclophosphamide and vincristine is
given before radiation therapy.

MR is obtained at initial tumor presentation for
staging. If a high-resolution CT scan is initially
available and demonstrates no erosion through
the cribriform plate or roof of the ethmoids, an
MR scan may not be obtained until after preop-
erative radiation therapy. At this point, we feel
MR is superior to CT in differentiating tumor from
entrapped sinus fluid before surgery. Cervical
lymph node metastases occur in 17% of cases at
presentation (20). Distant disease is unusual at
presentation but may occur subsequently at the
time of relapse in bone, bone marrow, lung, or
skin. An imaging study of the neck is obtained
only if enlarged lymph nodes are found at phys-
ical examination.

The combined otolaryngologic and neurosur-
gical approach to the anterior skull base is the
safest method to evaluate intraoperatively and
resect tumors involving the roof of the nasal vault
and the ethmoid complex (21, 22). Before the
acceptance of this concept, local resection of
esthesioneuroblastoma via lateral rhinotomy
without the anterior craniotomy was associated
with a high local recurrence rate because of
inadequate tumor resection (23). At our institu-
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tion an approach through the frontal sinus is used
to obtain access to the floor of the anterior cranial
fossa instead of a frontal craniotomy, which can
be disfiguring because of the required burr holes
(Fig 5) (24). An osteoplastic flap through the
confines of the anterior wall of the sinus is made
and returned at the completion of the procedure.
The mucosa of the frontal sinus is removed, and
this space is packed with pericranium, fibrin glue,
Scarpa’s fascia and fat, and split-thickness skin
graft. The extent of exposure includes the midline
of the anterior cranial fossa and the medial orbital
roofs, to the tuberculum of the sella turcica. The
exposure can be extended laterally or posteriorly
to the orbital apex. The anterior cranial base
defect is closed by a periosteal flap based ante-
riorly on the supraorbital and supratrochlear ves-
sels. After dural closure, the first layer of closure
is the pericranial flap. Wire or fixation plates are
used to secure the anterior wall of the frontal
sinus. A lateral rhinotomy or facial degloving
technique is used for the facial portion of the
resection. Depending on each specific tumor’s
location, the cribriform plate, nasal septum, eth-
moid complex, turbinates, and included portions
of the maxillary and/or sphenoid sinus are re-
moved.

Potential complications of this procedure in-
clude postoperative cerebrospinal fluid leaks,
symptomatic pneumocephalus, epidural hema-
toma, bone flap infection, and epidural abscess.
The 2-year determinate survival rate of patients
with esthesioneuroblastoma is 88%, compared
with 50% in the era before craniofacial resection,
suggesting an improvement in local control with
more aggressive initial therapy (25). Most recur-
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rences present within the first 2 years, with the
longest disease-free interval before recurrence
being almost 8 years after definitive treatment.
Therefore, MR is usually obtained approximately
3 months after the initial procedure to serve as a
baseline. Follow-up MR exams are obtained at 6-
month intervals for 3 years, followed by yearly
examinations for at least 5 years.

MR scans after craniofacial resection usually
demonstrate enhancing soft tissue at the resec-
tion site in the superior nasal cavity that often
cannot be differentiated from residual or recurrent
tumor. The difficulty in differentiating mature
granulation tissue and tumor in a postoperative
patient by MR has been previously recognized
(14). The close follow-up with MR is required to
assess for interval change that would require
biopsy. Som et al discussed the postoperative CT
appearance after craniofacial resection (11). The
changes in the calvarium are better appreciated
on CT. However, we feel MR to be better than
CT in evaluating the high nasal cavity after cra-
niofacial resection because of its superior ability
to differentiate soft tissue, which could represent
recurrent tumor, from fluid, fat, and the fascial
and muscular support flaps placed at surgery.

Although the MR features of esthesioneuro-
blastoma are not specific, this malignancy should
be considered when a mass in the superior nasal
cavity is identified that demonstrates both expan-
sile and destructive characteristics and erodes the
cribriform plate or roof of the frontoethmoid
complex. MR is our imaging modality of choice
for depicting tumor extension, which is critical
for staging and evaluating for recurrence after
craniofacial resection.

X-ray template of Frontal Sinus

Elevate dura to falx

Fig. 5. Intraoperative drawings, modified from Persing et al (24).

A, The frontal sinus perimeter osteotomy is planned using an x-ray template.
B, The anterior wall of the frontal sinus is lifted forward, exposing the posterior sinus wall for burr-hole placement through which the

dura can be elevated.

C, The posterior wall of the frontal sinus and the crista galli are removed to aid visualization of the olfactory fiber-associated dura.

An osteotomy is performed under direct visualization.
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