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ORIGINAL RESEARCH
HEAD & NECK

Intranasal Esthesioneuroblastoma: CT Patterns Aid in
Preventing Routine Nasal Polypectomy

M.E. Peckham, ““R.H. Wiggins Ill, “/RR. Orlandi, Y. Anzai, “*'W. Finke, and “*H.R. Harnsberger

ABSTRACT

BACKGROUND AND PURPOSE: Esthesioneuroblastoma is a neuroectodermal tumor that commonly arises in the nasal cavity olfactory
recess and, when isolated to the intranasal cavity, can be indistinguishable from benign processes. Because lesional aggressiveness requires
amore invasive operation for resection than polypectomy, patients with isolated intranasal lesions were studied to define distinguishing
CT characteristics.

MATERIALS AND METHODS: Patients with intranasal esthesioneuroblastoma and controls without esthesioneuroblastoma with olfac-
tory recess involvement were identified by using a report search tool. Studies demonstrating skull base invasion and/or intracranial
extension were excluded. The imaging spectrum of these lesions was reviewed on both CT and MR imaging, and CT findings were compared with
those of controls without esthesioneuroblastoma. Two blinded readers assessed subjects with esthesioneuroblastomas and controls without
esthesioneuroblastoma and, using only CT criteria, rated their level of suspicion for esthesioneuroblastoma in each case.

RESULTS: Eight histologically proved cases of intranasal esthesioneuroblastoma were reviewed. All cases had CT demonstrating 3 main findings:
1) anintranasal polypoid lesion with its epicenter in a unilateral olfactory recess, 2) causing asymmetric olfactory recess widening, and 3) extending
to the cribriform plate. Twelve patients with non-esthesioneuroblastoma diseases involving the olfactory recess were used as controls. Using
these 3 esthesioneuroblastoma CT criteria, 2 blinded readers evaluating patients with esthesioneuroblastoma and controls had good diagnostic
accuracy (area under the curve = 0.85 for reader one, 0.81 for reader 2) for predicting esthesioneuroblastoma.

CONCLUSIONS: Esthesioneuroblastoma can present as a well-marginated intranasal lesion that unilaterally widens the olfactory recess.
CT patterns can help predict esthesioneuroblastoma, potentially preventing multiple operations by instigating the correct initial operative

management.

ABBREVIATIONS: ENB = esthesioneuroblastoma; OR = olfactory recess

sthesioneuroblastoma (ENB) is a rare malignant neuroecto-

dermal neoplasm arising from the neuroepithelium, most
commonly within the nasal cavity olfactory recess, which makes
up approximately 3% of intranasal tumors (Fig 1)."* This en-
hancing lesion, which is most often isodense to soft tissue on CT
and frequently isointense to gray matter on T2, is most commonly
characterized by intracranial extension through the skull base,
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creating a “dumbbell” shape, with the waist of the lesion located at
the cribriform plate.””> Symptoms of this lesion are nonspecific,
mirroring those of benign intranasal masses such as polyps, which
can lead to delay in diagnosis, with the lesion often extending
intracranially on delayed pathologic confirmation.*°
Esthesioneuroblastoma most commonly originates in the na-
sal cavity olfactory recess (OR), which is a space defined by the
insertion of the vertical aspect of the middle turbinate laterally,
anterior skull base superiorly, and the nasal septum medially (Fig
1).” Rare exceptions reported in the literature include lesions
originating in the inferior meatus of the nasal cavity, maxillary
sinus, pterygopalatine fossa, sphenoid sinus, ethmoid sinuses, and
sphenoclival region.”*'* In contradistinction, common benign
inflammatory polyps most often arise in relation to sinus outlets,
most commonly in the middle or superior meatus.'* Other ma-
lignant lesions that can arise in the nasal cavity include sinonasal
undifferentiated carcinoma, neuroendocrine carcinoma, and

AINR Am J Neuroradiol @@ @ 2018  www.ajnr.org 1

Copyright 2017 by American Society of Neuroradiology.


http://orcid.org/0000-0003-1432-1078
http://orcid.org/0000-0003-3984-0982
http://orcid.org/0000-0001-5374-9144
http://orcid.org/0000-0003-2988-7445
http://orcid.org/0000-0003-4093-2710
http://orcid.org/0000-0002-8694-834X
mailto:Miriam.Peckham@hsc.utah.edu
mailto:Miriam.Peckham@hsc.utah.edu
https://twitter.com/Miriam_Peckham

FIG 1. Coronal bone algorithm CT of the sinuses in a healthy subject
demonstrates normal thin and symmetric olfactory recesses (aster-
isks) between the midline nasal septum and the shared superior at-
tachments of the middle and superior turbinates laterally.

small-cell undifferentiated carcinoma, each of which can origi-
nate along the sinonasal tract."”

The most common route of spread for ENB is into the para-
nasal sinuses, followed by intracranial spread. These local routes
of spread are most commonly staged by the Kadish staging sys-
tem.* Cervical nodal metastases have also been found up to a rate
of 44%, with spread most commonly seen to level II lymph

16,

nodes.'®'” Spread to retropharyngeal lymph nodes has also been
reported.'® Much rarer is distant spread to the thorax and skele-
ton."” Positron-emission tomography has been found helpful in
evaluating nodal metastases as well as distant spread and local
recurrence.”’

Treatment of ENB requires complete tumor resection, usually
involving anterior skull base reconstruction and primary dural
closure.”’ Surgical management of ENB has more recently
evolved from external-approach craniofacial resection toward an
endonasal approach, which has fewer postoperative complica-
tions.”*>* An expanded endonasal approach, paired with radiation
therapy and/or chemotherapy, has been found to have a high rate of
local control and significantly improved survival outcomes.****

Small ENBs isolated to the nasal cavity can have a clinical pre-
sentation and imaging appearance like that of benign lesions such
as inflammatory polyps, with smooth well-circumscribed mar-
gins rendering them indistinguishable. Location is a key differen-
tiating factor for ENB, which characteristically originates in the
olfactory recess in most cases. A prior study recommended fur-
ther imaging evaluation whenever patients were found to have an

opacified OR on CT; however, this study did not go into detail
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regarding additional CT findings more specific to ENB.” We
aimed to show that looking for additional clues, specifically osse-
ous changes of the olfactory recess, can allow the radiologist to
raise the suspicion for ENB, potentially allowing preoperative de-
tection. Although ENB is relatively uncommon compared with
other intranasal lesions, its propensity for aggressive local spread
and the potential for distal metastases make it an important lesion
to exclude before surgical intervention.

MATERIALS AND METHODS

The institutional review board approved this study, and it was
compliant with the Health Insurance Portability and Account-
ability Act. Cases of extracranial ENB seen at our quaternary care
center from 2009 to 2016 were identified retrospectively through
a search of our picture archiving and communication system,
with histologic confirmation from the institutional electronic
medical record. Cases demonstrating skull base invasion or intra-
cranial extension were excluded. The clinical presentation and
imaging spectrum on preoperative CT studies were then reviewed
and documented. The postoperative pathologic reports were re-
viewed, as well as postoperative follow-up and care. Non-ENB
cases of sinus conditions involving the OR were also identified
retrospectively through a search of our picture archiving and
communication system. Histologic confirmation of these lesions
was present in 4/12 patients, with the remaining 8 showing diag-
nostic findings matching a specific non-ENB clinical history on
initial CT, non-ENB diagnostic findings on follow-up MR imag-
ing, or resolution of findings on subsequent imaging.

In cases of ENB, CT images were reviewed by a senior neuro-
radiologist with expertise in head and neck imaging and a neuro-
radiology fellow to characterize the location of the lesion and
whether there was opacification/involvement or widening of the
OR. When available, MR imaging was reviewed for the following
features: T2 signal differentiation of the lesion from inflammatory
disease, diffusion characteristics, enhancement characteristics, and
evidence of sinus involvement. Sensitivity and specificity calculations
were performed comparing these findings with histology.

Two blinded readers assessed patients with ENB and controls
without ENB and, using only CT criteria, rated their level of sus-
picion for ENB in each case using a standard rating scale from 1 to
5 (1 = definitely not, 2 = probably not, 3 = equivocal, 4 =
probably yes, 5 = definitely yes). Receiver operating characteristic
curves were generated for individual readers to evaluate diagnos-
tic accuracy. Statistical analyses were performed using commer-
cial statistical analysis software (STATA, Release 14; StataCorp,
College Station, Texas).

RESULTS

Thirty cases of possible ENB on imaging were reported at our
quaternary care institution from 2009 to 2016. Of these cases, 20
were histology-proved ENB, and the 10 remaining cases had vary-
ing diagnoses, including inflammatory polyp, squamous cell car-
cinoma, metastatic disease, sinonasal undifferentiated carcinoma,
and epithelial adenomatoid hamartoma. Of the 20 pathologically
proved cases of ENB, 12 showed intracranial extension and/or
imaging evidence of skull base invasion and were therefore ex-
cluded from this study. Eight cases (3 women) were completely



FIG 2. Coronal bone algorithm CT (A and B) and coronal T2-weighted MR image (C) obtained
prepolypectomy (A), and postpolypectomy (B and C) demonstrate a soft-tissue-density lesion
(arrows) that extends to the cribriform plate and widens the right olfactory recess. Opacification
of the paranasal sinuses cannot be differentiated from the lesion on CT; however, paranasal sinus
T2 bright secretions are readily discerned on MR imaging from the lesion (arrow), which is isoin-
tense to gray matter (C). This patient required an additional anterior skull base resection once ENB

was diagnosed after routine polypectomy.

extracranial, showing no evidence of skull base invasion, with an
age range of 40—74 years (mean age, 58 years). Of these extracra-
nial cases, imaging and histologic studies demonstrated that 3 of
the lesions were completely isolated to the nasal cavity and 5 were
intranasal with variable adjacent sinus involvement (On-line Ta-
ble). Initial CT scans were available for review in all cases. MR
imaging was available for 5 patients, in 2 performed preopera-
tively, in 2 performed after initial polypectomy, and in 1 per-
formed after recurrence (On-line Table).

Twelve non-ENB cases of sinus conditions (7 women) with
OR involvement between 2009 and 2017 were obtained with an
age range of 16—81 years (mean age, 48 years). These cases had
varying diagnoses including CSF leak, encephalocele, allergic rhi-
nitis, chronic sinusitis, antrochoanal/inflammatory polyp, myce-
toma, and glomus tumor.

Clinical Features of Intranasal Esthesioneuroblastoma
Difficulty breathing due to nasal stuffiness and fullness was the
most common presenting symptom in patients with intranasal
ENB. Other symptoms included anosmia and rhinorrhea. Five
patients had presurgical biopsies before resection. Three patients
required an additional operation after referral to our institution
for skull base resection after ENB was found incidentally during
routine nasal polypectomy. On presentation, there was no clinical
or imaging evidence in these patients of nodal involvement.

CT Features of Intranasal Esthesioneuroblastoma

All cases had CT demonstrating a circumscribed intranasal pol-
ypoid lesion with the following features: 1) its epicenter in a uni-
lateral OR, 2) causing asymmetric osseous remodeling/widening
of the OR, and 3) extending to the cribriform plate. All except 1
patient had additional opacification of several paranasal sinuses;
however, extension versus fluid entrapment could not be dis-
cerned by CT (Fig 2).

Six original preoperative CT reports were available. In 2 cases,
the radiologist suspected a malignant lesion and recommended
follow-up imaging. The 4 remaining cases had been referred from
outside facilities and the patients had already undergone biopsy;
however, the biopsy results appeared to be available to the radiol-
ogist in only half of those patients because the chance of malig-
nancy was dismissed in 2 patients and, in the remaining 2 patients,
the results were described as consistent with prior ENB biopsy. The

preoperative imaging diagnosis of ENB
was never specifically stated as a possibility
in any cases without prior biopsy.

MR Imaging Features of Intranasal
Esthesioneuroblastoma

In the 5 cases with MR imaging, all le-
sions were T2 isointense to gray matter
and showed diffuse enhancement to a
lesser degree than the adjacent nasal mu-
cosa. When available (3 subjects), diffu-
sion-weighted imaging demonstrated hy-
perintense DWI signal intensity and
hypointense ADC signal intensity within
the mass. Entrapped fluid within the para-
nasal sinuses was differentiated from tu-
mor extension by its T2 hyperintensity, greater than the intrinsic T2
signal within the ENB mass (Fig 2C). All MR imaging cases that had
imaging evidence of paranasal sinus tumor extension (3 subjects)
were confirmed histologically.

Histologic Findings

Following surgical resection, 3 of these cases were proved histo-
logically to be isolated to the nasal cavity, while the 5 remaining
cases showed additional sinus involvement. Dural margins were
negative in 7/8 subjects, with this information not available in 1
subject.

Histologic grading of these lesions showed 1 case with grade 1,
three cases with grade 2, and 2 cases with grade 3 morphology.
These grades did not correspond with sinus involvement. Two
patients with grade 3 lesions had local recurrence, with 1 of the
patients also showing nodal recurrence 3 years after the initial
resection. No recurrence was found in the patients with grade 1 or
2 lesions (On-line Table).

Comparison with Controls

Among the 12 patients without ENB with sinus conditions involv-
ing the OR, only 3/12, all of which were masses (glomus tumor,
inflammatory polyp, and epithelial adenomatoid hamartoma),
showed unilateral and asymmetric widening/remodeling of the
OR. The remaining 9 cases consisted mostly of non-mass-like
infectious/inflammatory processes that opacified but did not
asymmetrically widen/remodel the OR (Fig 3). The 3 CT criteria
of a mass with its epicenter in the OR, causing asymmetric osseous
widening/remodeling of the OR, and extending to the cribriform
plate, were demonstrated in all ENB cases (sensitivity of 100%
compared with histology) and in 3 cases without ENB (specificity
of 75% compared with histology).

Performance of Blinded Readers

Blinded readers demonstrated strong individual accuracy in pre-
dicting ENB using the 3 CT criteria, with reader 1 having an area
under the curve 0f 0.85 % 0.087 and reader 2 having an area under
the curve 0f0.81 £ 0.089 (Fig 4). When results were dichotomized
between ENB absence and presence, the sensitivity for reader 1
was 87.5% with a specificity of 58.3% and sensitivity for reader 2
was 50.0% with a specificity of 83.3%.
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FIG 3. Coronal bone algorithm CT (A and B) images obtained in a
control subject with chronic sinusitis (A) and a subject with ENB (B).
While there is asymmetric opacification of the right OR with exten-
sion to the cribriform plate in the subject with chronic sinusitis (A), the
OR is not widened. This finding contrasts with that in the subject with
ENB who demonstrates additional asymmetric widening/remodeling
of the OR. Both subjects have opacification of the adjacent para-
nasal sinuses, which, in the subject with ENB, was found to repre-
sent tumor extension. The subject with ENB underwent additional
anterior skull base resection surgery when ENB was found after
routine polypectomy.
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FIG 4. Receiver operating characteristic curves for reader 1 (A) and
reader 2 (B). Sensitivity and specificity varied between both readers;
however, the overall diagnostic accuracy was strong, with reader 1
showing an area under the curve of 0.85, and reader two, 0.81.

DISCUSSION
Esthesioneuroblastoma is a rare neuroendocrine mass that, when
isolated to the nasal cavity, can appear very similar to benign
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sinonasal masses on CT. Because this lesion is malignant and re-
quires a more invasive operation for resection than a standard
polypectomy, patients with intranasal lesions without intracranial
involvement were studied to define distinguishing imaging char-
acteristics. On the basis of these characteristics, CT imaging find-
ings are established to recommend further work-up with MR im-
aging and/or biopsy before complete surgical resection.

Patients presenting with intranasal ENB were of a similar age
range and had presenting symptoms of nasal stuffiness and full-
ness like those seen with benign entities. Reflecting this nonspe-
cific presentation, malignancy was not initially suspected in al-
most half of the patients and a standard nasal polypectomy was
performed without obtaining a presurgical biopsy or performing
further imaging. This resulted in the necessity to perform a second
more extensive operation for anterior skull base resection when
postoperative pathology results showed ENB.

The margins of the intranasal ENB mass did not significantly
differ from those in benign inflammatory lesions, with both enti-
ties appearing smooth and well-circumscribed with homoge-
neous soft-tissue density. Although these findings were overall
similar, the 3 characteristics of a mass epicenter in a unilateral OR
causing widening/osseous remodeling and extending to the
cribriform plate showed high sensitivity and moderate specificity
for ENB. Of the 9 controls with nonmass lesions opacifying the
OR, none demonstrated all 3 of these characteristics. These 3
characteristics had strong diagnostic accuracy when used by
blinded readers to identify ENB.

A consistent finding in patients with ENB was adjacent para-
nasal sinus opacification, which was seen in 7/8 patients, repre-
senting tumor in 5 cases. The sinus opacification in the 2 patients
with isolated intranasal ENB was found to represent entrapped
fluid related to sinus blockage from the intranasal mass, a finding
that was readily discernible on MR imaging but not on CT. Be-
cause fluid and tumor within the paranasal sinuses had similar
density on CT, that sequence alone was not reliable for evaluating
local disease spread. These cases demonstrated that the presence
of an intranasal mass can create a confusing picture of paranasal
sinus opacification and that the 3 CT criteria regarding the OR
were the most important imaging findings for predicting ENB.

The T2-weighted and STIR MR imaging sequences were read-
ily able to differentiate tumor from paranasal sinus inflammatory
disease. The coronal plane was the most helpful because it clearly
showed involvement and widening of the OR and extension of the
lesions to the cribriform plate. The T2 sequence aided differenti-
ation of the ENB mass from other common benign polyps, with
ENB lesions demonstrating T2 isointensity and hypointense ADC
signal, both of which correlate with increased cellularity.” The MR
imaging T2-weighted sequences were also helpful for evaluating
local disease spread into the paranasal sinuses because hyperin-
tense entrapped paranasal sinus fluid could be readily differenti-
ated from the more T2 isointense signal of the ENB tumor. The
ability to differentiate ENB from inflammatory entities by signal
characteristics further supports the importance of obtaining pre-
operative MR imaging when ENB is suspected by CT.

The importance of prompting further work-up when there is
OR opacification and widening on CT is demonstrated because



almost half of the patients with intranasal ENB required a second
more extensive operation for complete resection. Two cases that
necessitated repeat surgery had outside radiology reports that
were not available for review; however, this lesion was clearly not
initially suspected by the managing physicians in reviewing the
electronic medical record. Most interesting, in 2 cases in which a
presurgical biopsy was performed at an outside institution, the
radiologist apparently did not have access to these results and
therefore did not suspect or prompt any further work-up for ma-
lignancy based on the original CT findings. Also, ENB was never
specifically mentioned as a possibility in any of the CT reports in
which biopsy results were unavailable. These results strengthen
the concept that in CT sinus studies, evaluation for opacification/
widening of the OR must be included on the imaging checklist.

Management of ENB requires complete surgical resection with
clear margins whenever anatomically feasible. Adjuvant therapy is
often necessary, due to higher grade lesions or close/positive margins.
Extracranial ENB is almost always amenable to complete surgical
resection, due to rare involvement with the orbits and lack of cerebral
involvement. Because the tumor arises from nasal olfactory epithe-
lium near the skull base, resection of the dura as a superior margin is
nearly always necessary. This procedure is readily performed endo-
nasally in a number of skull base centers, without the need for a
formal craniotomy. In a rare lesion with a radiographically clear area
between the lesion and the skull base, the surgeon may choose to
spare the dura. Knowledge of the histology of olfactory lesions is
critical because the management of an ENB differs considerably from
that of a benign neoplasm and from inflammatory polyps. Benign
lesions typically do not require skull base/dural resection and inflam-
matory polyps often are treated even less aggressively, with surgery
focused on improving access for topical anti-inflammatory ther-
apy.”® With the otolaryngologist having the correct diagnosis of an
extracranial ENB, the correct definitive operation is performed ini-
tially and the patient is spared multiple trips to the operating room.

The greatest limitations in this case-control study were low
power because of the rarity of extracranial ENB, as well as the
subtle imaging changes associated with extracranial ENB in com-
parison with cases without ENB involving the OR, which made
blinded reads challenging. However, even with the limited num-
ber of cases and subtle imaging characteristics, blinded readers
demonstrated strong individual accuracy for predicting ENB us-
ing this method, with reader 1 demonstrating high sensitivity and
reader 2 demonstrating high specificity. Although extracranial
ENB is rare, the consistency of its CT imaging findings does pro-
vide helpful information for guiding care.

CONCLUSIONS

Esthesioneuroblastoma can present as a well-marginated polyp-
oid mass lesion isolated to the nasal cavity. Because this lesion is
managed differently from more common benign nasal entities,
this important diagnosis should be included in the differential
whenever a mass follows 3 important CT criteria: epicenter within
a unilateral OR, widening/osseous remodeling of the OR, and
extension of the lesion to the cribriform plate. These criteria were
sensitive for ENB and provided strong diagnostic accuracy when
used by blinded readers. The presence of these findings should
elicit preoperative MR imaging and/or biopsy, which can aid the

surgeon in operative planning and prevent routine nasal polypec-
tomy for resection of these aggressive lesions.
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