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BACKGROUND AND PURPOSE: A convoluted cerebriform pattern (CCP) has been reported as a valuable
MR imaging feature of inverted papilloma (IP). The purpose of this study was to validate the usefulness
of CCP for distinguishing IP from various malignant sinonasal tumors in a relatively large number of
patients.

MATERIALS AND METHODS: We retrospectively reviewed MR images of 30 patients with IP and 128
patients with various malignant sinonasal tumors proved on histologic examination and compared the
prevalence of a CCP between the 2 groups. In 8 patients with IP concomitant with squamous cell
carcinoma, we also tried to find the MR features to help suggest coexistent malignancy.

RESULTS: A CCP was demonstrated in all 30 (100%) of the IPs and 17 (13%) of the 128 malignant
sinonasal tumors on MR imaging. There was a significant statistical difference in the prevalence of a
CCP between IP and malignant sinonasal tumors with the overall sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy 100%, 87%, 64%, 100%, and 89%, respec-
tively. Of 8 IPs concomitant with squamous cell carcinoma, a focal loss of a CCP was demonstrated
in 4 tumors, 3 of which also showed aggressive bone destruction with extrasinonasal extension on MR
images.

CONCLUSION: Although a CCP is a reliable MR imaging feature of sinonasal IPs, it can also be seen in
various malignant sinonasal tumors. A focal loss of a CCP might be a clue to the diagnosis of IPs
concomitant with malignancy.

Inverted papilloma (IP) is an uncommon benign epithelial
tumor of the sinonasal tract, accounting for 0.5% to 4.0% of

primary nasal tumors.1,2 Although benign, it has a known pro-
pensity for a high rate of recurrence, local aggressiveness, mul-
ticentricity, and association with synchronous or metachro-
nous squamous cell carcinoma (SCC).3-12 Although CT and
MR imaging are useful for preoperative assessment of sinona-
sal IP, differentiation of IP from other malignant sinonasal
tumors is often difficult because of a significant overlap of the
imaging features.13-19

Barnes et al20 described a distinctive gross mucosal mor-
phology of IP, a so-called convoluted cerebriform pattern
(CCP), which can be reflected on MR imaging by the charac-
teristic alternating hypointense and hyperintense bands on
T2-weighted and contrast-enhanced T1-weighted images, as
reported by Ojiri et al17 and supported by Maroldi et al19 years
later. It would be useful for planning therapeutic strategies if
the CCP on MR imaging can suggest the preoperative diagno-
sis of IP, because more aggressive surgical approaches would
be needed for IPs concomitant with SCC and other malignant
sinonasal tumors. However, one previous study reported by
Yousem et al13 failed to find this sign as a specific MR imaging
finding to diagnose IP. The purpose of this study was to eval-
uate the diagnostic accuracy of a CCP depicted on MR imaging
for distinguishing IP from other malignant sinonasal tumors
in a relatively large number of patients.

Materials and Methods

Patients
From 1995 to 2006, search of the electronic data base of our institu-

tion, approved by our institutional review board, revealed a total of

132 patients with sinonasal IP proved on pathologic examination. Of

these 132 patients, MR examination was performed in 33 patients.

Three patients were excluded from the study because of suboptimal

image quality (n � 1) and too small lesion to be seen on MR images

(n � 2), resulting in 30 patients who formed the subjects of this study.

There were 24 men and 6 women, ranging in age from 40 to 85 years,

with a mean age of 63 years. All of the patients underwent surgical

excision of the tumor, which disclosed that the tumor primarily in-

volved the nasal cavity (n � 22), maxillary sinus (n � 13), ethmoid

sinus (n � 3), and sphenoid sinus (n � 2). Bilaterality was found in 4

patients. Only 1 patient had the tumor confined to the nasal cavity,

and in the other 29 patients, the tumor involved the adjacent sinona-

sal cavity from its original site. The mean tumor size was 4.8 cm in

greatest diameter, ranging from 2.1 cm to 7.3 cm. Eight (8 of 30

[27%]) patients had coexistent SCC on histologic examination.

To validate the role of CCP for distinguishing IP from other si-

nonasal tumors, we selected MR images of 128 adult patients with 14

different types of malignant sinonasal tumors through a search of the

electronic data base of our institution during the same period by using

the keywords “malignant tumor of the nose and paranasal sinuses.”

All of the patients except for those with lymphoma and rhabdomyo-

sarcoma underwent curative or palliative surgical resection. These

128 patients consisted of 107 men and 23 women with their age range

from 20 to 84 years (mean, 58 years). Their pathologic subtypes in-

cluded SCC (n � 49), lymphoma (n � 39), adenoid cystic carcinoma

(n � 10), malignant melanoma (n � 8), adenocarcinoma (n � 5),

rhabdomyosarcoma (n � 4), esthesioneuroblastoma (n � 3), plasma-

cytoma (n � 3), primitive neuroectodermal tumor (n � 2), and 1 case

each of ameloblastic carcinoma, chordoma, mucoepidermoid carci-

noma, undifferentiated carcinoma, and nonkeratinizing carcinoma.
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MR Imaging
All of the MR examinations were performed on a 1.5T (Signa Advan-

tage Horizon; GE Healthcare, Milwaukee, Wis) or 3T (Intera Achieva;

Philips, Best, the Netherlands) scanner. In all of the patients, precon-

trast T1-weighted spin-echo images (TR/TE/NEX, 400 –560 ms/

10 –14 ms/2) and T2-weighted fast spin-echo images (TR/TE/NEX,

2500 – 4500 ms/80 –110 ms/1) with or without fat saturation were

obtained, followed by contrast-enhanced T1-weighted spin-echo im-

ages with fat saturation after the intravenous injection of 0.1 mmol/kg

of gadopentetate dimeglumine. Images were obtained in at least 2

planes with 3- to 4-mm section thickness, 0- to 1-mm intersection

gap, 256 � 192 matrix, and 22-cm FOV.

Image Analysis
All of the MR images were retrospectively reviewed by a dedicated

head and neck neuroradiologist and a general neuroradiologist in

conference, who have been practicing in the field for 18 years and 11

years, respectively. Both observers were blinded to the final histopa-

thology. We determined the presence or absence of a CCP on MR

imaging in 30 patients with IP and 128 patients with various malig-

nant sinonasal tumors. We defined a CCP as a mix of linear or curvi-

linear hyperintense and hypointense striations partially or diffusely

seen in the solid components of the tumor on T2-weighted or con-

trast-enhanced T1-weighted MR images (Fig 1). In 30 patients with

IP, we compared the detection rate of CCP between T2-weighted and

contrast-enhanced T1-weighted images. The image quality demon-

strating CCP between the 2 sequences was also compared by subjec-

tive assessment. Statistical differences of CCP between IP and malig-

nant sinonasal tumors were analyzed by Fisher exact test, and a P

value of less than .05 was considered statistically significant. We also

determined the sensitivity, specificity, positive predictive value, neg-

ative predictive value, and accuracy of a CCP for the diagnostic indi-

cator of IP. In 8 patients with concomitant IP and SCC, we also tried

to find the associated, if any, valuable MR imaging features to help

suggest coexistent malignancy.

Results
The prevalences of a CCP depicted on MR imaging in IP and
malignant sinonasal tumors with various histology are sum-
marized in the Table. There was a significant statistical differ-
ence in the prevalence of a CCP between IP and other malig-
nant sinonasal tumors (P � .0001).

A CCP was demonstrated on MR imaging in all 30 of the
IPs either diffusely (n � 26) or partially (n � 4). Contrast-
enhanced T1-weighted images were better than T2-weighted
images to visualize a CCP in these patients, not only in the
detection but also in the image quality (Table). Contrast-en-

hanced T1-weighted images detected a CCP in all (100%) of
the IPs, whereas T2-weighted images detected a CCP in 28
(93%). Furthermore, in 28 IPs where a CCP was seen on both
T2-weighted and contrast-enhanced T1-weighted images, the
quality of the latter was as good as (n � 13) or better than (n �
15) that of the former. In all 22 of the IPs without associated
SCC, CCP was shown diffusely throughout the tumor. There
was no case showing aggressive bone destruction, extrasinona-
sal extension, or intratumoral necrosis in these tumors. In
contrast, in 8 IPs concomitant with SCC, the areas of a focal
loss of a CCP were demonstrated in 4 (50%), 3 of which also
showed aggressive bone destruction with extrasinonasal ex-
tension on MR images (Fig 2A). Intratumoral necrosis was
also noted in 2 of these 3 cases. The remaining 4 tumors
showed CCP throughout the lesion, identical to the tumors
without SCC (Fig 2B). The histology in these 4 tumors re-
vealed multiple foci of microscopic carcinoma within the
tumor.

Of the 128 malignant sinonasal tumors with various histol-
ogy, 17 tumors (13%) demonstrated a CCP on MR imaging

Fig 1. Characteristic MR imaging appearance of a CCP in IP.
Coronal T2-weighted (A) and contrast-enhanced fat-sup-
pressed T1-weighted (B) MR images show alternating hy-
pointense and hyperintense striations throughout the tumor
involving the left maxillary sinus and nasal cavity.

Comparison of visualization of a CCP on MR imaging between
inverted papilloma and various malignant sinonasal tumors

Tumor

No. of
Total

Subjects

No. of Subjects Showing CCP
on MR Imaging

Diffuse Partial T2WI CE-T1WI
Inverted papilloma 30 26 4 28 30

Without SCC 22 22 0 20 22
With SCC 8 4 4 8 8

Malignant tumors 128 6 11 13 17
SCC 49 2 6 6 8
Lymphoma 39 0 0 0 0
Adenoid cystic carcinoma 10 1 1 1 2
Malignant melanoma 8 0 1 0 1
Adenocarcinoma 5 1 0 1 1
Rhabdomyosarcoma 4 0 0 0 0
Esthesioneuroblastoma 3 0 2 2 2
Plasmacytoma 3 0 0 0 0
Primitive neuroectodermal

tumor
2 1 0 1 1

Ameloblastic carcinoma 1 0 0 0 0
Chordoma 1 0 0 0 0
Mucoepidermoid

carcinoma
1 1 0 1 1

Undifferentiated
carcinoma

1 0 1 1 1

Non-keratinizing
carcinoma

1 0 0 0 0

Note:—CCP indicates convoluted cerebriform pattern; T2WI, T2-weighted image; CE-T1WI,
contrast-enhanced T1-weighted image; SCC, squamous cell carcinoma.
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either diffusely (n � 6; Fig 3A–C) or partially (n � 11; Fig 3D)
and included 8 of 49 SCCs (Fig 3A), 2 of 10 adenoid cystic
carcinomas, 2 of 3 esthesioneuroblastomas (Fig 3D), 1 of 8
malignant melanomas, 1 of 5 adenocarcinomas, 1 of 2 primi-
tive neuroectodermal tumors (Fig 3B), 1 of 1 mucoepider-
moid carcinoma (Fig 3C), and 1 of 1 undifferentiated carci-
noma. Bone destruction was noted in 1 of 6 tumors with a
diffuse CCP and 9 of 11 tumors with a partial CCP. Overall,
the sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy of CCP for the diagnosis of IP
were 100% (95% confidence interval [CI], 90%–100%), 87%

(95% CI, 80%–92%), 64% (95% CI, 50%–76%), 100% (95%
CI, 97%–100%), and 89% (95% CI, 84%–93%), respectively.

Discussion
According to the World Health Organization, IP is defined as
a benign epithelial tumor composed of well-differentiated co-
lumnar or ciliated respiratory epithelium having variable
squamous differentiation.21 Embryologically, the ectoder-
mally derived epithelium of IP originating from the Schneide-
rian mucosa of the nasal cavity is distinct from the endoder-
mally derived mucosa of the upper respiratory tract.12

Fig 2. MR images of the IPs concomitant with SCC in 2
different patients. A, Coronal contrast-enhanced, fat-sup-
pressed, T1-weighted image shows a large irregular mass in
the right nasal cavity and maxillary sinus. Although the nasal
mass displays the characteristic CCP, it is lost in most of the
mass of the maxillary sinus. Note the bone destruction at the
superior and lateral walls of the maxillary sinus with asso-
ciated orbital invasion (arrows). B, Axial contrast-enhanced,
fat-suppressed, T1-weighted image shows an expansile mass
in the left nasal cavity, which displays a diffuse CCP through-
out the lesion, indistinguishable from the IP without associ-
ated carcinoma. The histology revealed multiple foci of mi-
croscopic carcinoma scattered within the tumor.

Fig 3. Contrast-enhanced fat-suppressed MR images of 4
different malignant sinonasal tumors displaying a CCP either
diffusely (A–C) or partially (D). A, SCC. B, Primitive neuroec-
todermal tumor. C, Mucoepidermoid carcinoma. D, Esthesio-
neuroblastoma. In the case of esthesioneuroblastoma, the
MR image shows a large mass in the left nasal cavity,
extending to the orbit and cranial cavity. Note that, whereas
the nasal component of the mass displays a typical appear-
ance of CCP, it is not seen in the rather homogeneously
enhancing orbital and intracranial components (asterisks in
D).
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Complete surgical resection is crucial to reduce the recurrence
rates, which have ranged from 15% to 78%.6-8 Preoperative
evaluation by using cross-sectional imaging, such as CT and
MR imaging, is essential for the selection of surgical options by
correctly identifying the location and extent of the tumor, and
postoperative follow-up examinations at regular intervals are
also highly recommended for the early detection of the recur-
rent disease.11-18,22-24 However, differentiation of IP from
other malignant sinonasal tumors by analyzing the internal
characteristics on radiologic imaging is often difficult, because
there is a significant overlap between those diseases.15,16,19

IP is seen pathologically as a vascular mass with prominent
mucous cyst inclusions interspersed throughout the epithe-
lium and a high intracellular glycogen content.3,20 The name is
a descriptive term of the histology that shows inversion of the
surface epithelium into the underlying stroma rather than ex-
ophytic proliferation.5,15 On physical examination, IP pre-
sents as a polypoid growth covered by a convoluted cerebri-
form mucosa, called a CCP, as described by Barnes et al.20 This
gross morphology, created by the juxtaposed epithelial and
stromal layers, results in a peculiar pattern on MR imaging,
manifesting as the alternating hypointense and hyperintense
bands, which has been described under the various
terms.13,17,19 Yousem et al13 used the term “septate striated
appearance” and noticed it in 5 (50%) of 10 patients with IP on
T2-weighted images. However, the researchers did not impart
much importance to it because it was also seen in 2 of 8 other
sinonasal malignancies. Ojiri et al17 used the term “CCP” and
found it in 8 (80%) of 10 patients with IP on T2-weighted and
contrast-enhanced T1-weight images. The radiologic-patho-
logic correlation revealed that the highly cellular metaplastic
epithelium was seen as the thinner hypointense striations on
T2-weighted images and less enhancing striations on contrast-
enhanced T1-weighted images, whereas the less cellular edem-
atous stroma was seen as the thicker hyperintense striations on
T2-weighted images and well-enhancing striations on con-
trast-enhanced T1-weighted images.17 However, they did not
evaluate the prevalence of this MR imaging feature in other
malignant sinonasal tumors. In their study with 23 patients
with IP, Maroldi et al19 coined the term “columnar pattern”
and observed it in 16 patients (69.5%) on T2-weighted images
and 23 patients (100%) on contrast-enhanced T1-weighted
images. In their study, this columnar pattern was identified in
only 1 (4.3%) of 23 other malignant sinonasal tumors on both
T2-weighted and contrast-enhanced T1-weighted images.

Our study showed a significant statistical difference in the
prevalence of a CCP between IP (30 of 30 [100%]) and other
malignant sinonasal tumors (17 of 128 [13%]) with the overall
sensitivity, specificity, positive predictive value, negative pre-
dictive value, and accuracy of CCP for the diagnosis of IP at
100%, 87%, 64%, 100%, and 89%, respectively. Our study also
showed that the contrast-enhanced T1-weighted images were
superior to the T2-weighted images in the detection of a CCP
(30 of 30 [100%] versus 28 of 30 [93%]), as reported by
Maroldi et al.19 Furthermore, the quality of contrast-enhanced
T1-weighted images was at least as good as that of T2-weighted
images in all of the patients with IP. The superiority of the
contrast-enhanced T1-weighted images might be attributed to
the vascular nature of the tumor, which would become more
conspicuous after the injection of contrast material. In our

study, however, a considerable number of false-positive cases
(17 of 128 [13%]), which was lower than those (2 of 8 [25%])
of Yousem et al13 but higher than those (1 of 30 [4.3%]) of
Maroldi et al,19 resulted in the overall diagnostic accuracy of
CCP for making a diagnosis of IP of 89%. This figure is signif-
icantly lower than the 97.8% reported by Maroldi et al.19 The
difference in the results between these 2 studies might be at-
tributed to the difference in the inclusion of malignant tu-
mors. A much greater number and wider variety of malignant
tumors were included in our study (128 tumors; 14 histologic
types) compared with theirs (23 tumors; 3 histologic types).
The other possible explanation might be the difference in de-
fining a CCP on MR images. Although it was not specifically
mentioned in their study, we determined a CCP to be present
not only in cases in which CCP was diffusely distributed but
also in cases in which CCP was visible only in a portion. If the
CCP had been defined to be present only when it was diffusely
seen within the tumor in our study, this imaging pattern
would have been more specific for benign IPs, because 4 of 8
IPs concomitant with SCC and 11 of 17 malignant sinonasal
tumors showed a CCP visualized only partially.

The incidence of malignant change in an individual series
of sinonasal IPs has been reported to range from 2% to
53%.3,7,9-11 SCC is the most commonly associated malignant
tumor. The carcinoma may actually arise within the IP or it
may merely be associated with a histologically bland IP. Pa-
tients with IPs that are associated with carcinomas fall into 3
groups: group 1, those who have primarily an IP with only a
small focus of carcinoma; group 2, those who have primarily a
carcinoma with only a small focus of IP; and group 3, those
who had a history of histologically documented IP and subse-
quently develop a carcinoma in the area in which the IP
arose.3,10 The first 2 groups are deemed synchronous, and
group 3 is metachronous. Of all of the carcinomas associated
with IPs, approximately 61% are synchronous and 39% are
metachronous.10 It would be very useful for determining the
therapeutic plans if we could distinguish the IPs with associ-
ated SCC from those without it preoperatively, because more
aggressive surgical approaches would be needed for the
former. Although there has been a study demonstrating that a
malignant tumor is associated with bilateral IP, hyperkerato-
sis, more than 2 mitotic figures per high-powered field, and
presence of plasma cells,25 most investigators believe that there
are no discrete pathologic or clinical findings of IP associated
with the future development of SCC.2 In this context, we be-
lieve that, although the MR imaging features alone would not
preclude biopsy of the sinonasal mass, they may help the sur-
geons with preoperative planning.

Our study shows that a focal loss of a CCP on MR imaging
may be an additional sign that might indicate the presence of
coexistent malignancy, seen in 4 (50%) of 8 IPs concomitant
with SCC. Traditionally, malignancy is corroborated by ag-
gressive bone destruction; multicentric soft tissue extension;
and metastasis to submandibular, upper, midjugular, and re-
tropharyngeal lymph nodes on radiologic examinations.14,26

Although IP without associated carcinoma has been reported
to cause bone destruction similar to malignant tumors,6,19,27

extensive bone destruction should always raise the possibility
of an associated carcinoma.10 In our study, frank bone de-
struction with extrasinonasal extension, such as the orbit, in-
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fratemporal fossa, and cranial cavity, was noted in 3 of 8 tu-
mors with concomitant IP and SCC, making a diagnosis of
associated malignancy easier. All of these 3 tumors were asso-
ciated with focal loss of a CCP, which was most conspicuously
noted at the area of bone destruction (Fig 2A). In one addi-
tional tumor with concomitant IP and SCC unaccompanied
by bone destruction, a focal loss of a CCP was detected on MR
images that might give a clue to the presence of malignancy at
that area. Although exact MR-pathologic correlation could
not be performed, because this is a retrospective study and also
because most lesions were removed piecemeal, we believe that
the areas of loss of CCP on MR imaging represent the approx-
imate sites of malignancy on histology. Similarly, Maroldi et
al19 reported a case of concomitant IP and SCC, of which the
MR images showed loss of CCP at the area of SCC proved
pathologically. As reported by Ojiri et al,17 however, a tumor
with multiple small foci of SCC distributed throughout IP
could demonstrate CCP diffusely throughout the lesion with-
out a focal loss of it and, thus, could not be discriminated from
the typical IP on MR images. We also experienced 4 similar
cases in this study, in which it would be difficult to differenti-
ate IPs concomitant with SCC from those without SCC (Fig
2B). Malignant sinonasal tumors with a diffuse CCP can also
hardly be differentiated from IPs without coexistent SCC, as
seen in 6 cases in our study (Fig 3A–C).

There are 2 serious limitations in this study. The first lim-
itation is related to the statistical issue on the diagnostic per-
formance. The proportion of IPs included in our series is ap-
proximately 19% (30 of 158), which is much greater than
0.5%– 4.0% reported among the general population. The cal-
culations of positive predictive value, negative predictive
value, and accuracy are dependent on not only the proportion
of the patients with the disease of interest but also the propor-
tions of control patients with each different histology. Even
the specificity depends on the proportions of different histol-
ogies among the control patients. Thus, the values calculated
from this study may not reflect the values that would be en-
countered in clinical practice, if these proportions are not cor-
rected. The second limitation is related to the retrospective
nature of this study. For the histopathologic diagnosis of ma-
lignant sinonasal tumors, we simply relied on the pathologic
diagnosis reported at the time of surgery. Because an exact 1:1
MR-pathologic correlation was not performed, the possibility
of the presence of small foci of IP within the malignant tumor
cannot entirely be excluded.

Conclusion
A CCP is a reliable MR imaging feature of sinonasal IPs to
differentiate them from various malignant sinonasal tumors
with the overall accuracy of 89% in our study. However, even
the presence of a diffuse CCP throughout the tumor on MR
imaging does not always guarantee the diagnosis of benign IPs,
because it also can be seen in IPs concomitant with SCC or

other malignant tumors. A focal loss of a CCP might be a clue
to a preoperative prediction of IPs concomitant with
malignancy.
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