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ABSTRACT

BACKGROUND AND PURPOSE: Lobular capillary hemangioma is an uncommon lesion, and its MR imaging appearance has not been fully
characterized. The purpose of this study was to determine theMR imaging features of nasal lobular capillary hemangioma and contrast its
imaging characteristics to inverting papilloma.

MATERIALS ANDMETHODS: The MR imaging signals of 32 patients with histopathologically proven nasal lobular capillary hemangiomas
and 53 patients with nasal inverted papillomas were retrospectively studied. The findings of dynamic contrast-enhancedMR imaging in 24
lobular capillary hemangiomas and in 53 inverted papillomas were also analyzed. The Monte Carlo exact test was used for comparison of
the time-intensity curve patterns of lobular capillary hemangioma and inverted papilloma.

RESULTS: All lobular capillary hemangiomas appeared to be homogeneously isointense to gray matter on T1-weighted images. On
T2-weighted images, all lesions showed heterogeneous hyperintensity, and a thin peripheral isointense or hypointense ring was seen in 28
patients. All lesions showed marked enhancement on enhanced images, with the exception of enhancement of the T2 isointense or
hypointense ring. Forty-three (81.1%) inverted papillomas had moderate heterogeneous T2 signal intensity, and a characteristic “cerebri-
form” appearance was detected in 45 (84.91%) of 53 inverted papillomas. The time-intensity curves showed a washout pattern in 18 and a
plateau pattern in 6 patients, whereas inverted papillomas showed a washout pattern in 12, a plateau pattern in 35, and a persistent pattern
in 6 patients. There was a statistically significant difference as to time-intensity curve pattern between the 2 groups (P� .05).

CONCLUSIONS: Hyperintensity on T2-weighted images, marked enhancement of tumor with a nonenhancing thin peripheral ring, and a
washout time-intensity curve pattern are characteristic MR imaging features of nasal lobular capillary hemangiomas.

ABBREVIATIONS: LCH � lobular capillary hemangioma; DCE � dynamic contrast-enhanced; IP � inverted papilloma; ESS � endoscopic sinus surgery; TIC �
time-intensity curve

Lobular capillary hemangioma is a benign, rapidly growing le-

sion characterized by a lobular proliferation of capillaries and

previously described by multiple names, including pyogenic gran-

uloma, eruptive hemangioma, granulation tissue-type hemangi-

oma, granuloma gravidarum, pregnancy tumor, granulopyogeni-

cum, and benign hemangioendothelioma.1-13 LCH is now

accepted as the preferred nomenclature because it best represents

the true nature of the lesion, which consists of capillaries arranged

in lobules and separated by an edematous fibroblastic stroma in-

filtrated by inflammatory cells.1,4,12

LCH usually originates from the vascular tissue of the skin, mu-

cosa, muscle, gland, and bone. Most LCHs of the head and neck

occur in the oral cavity; nasal LCH is uncommon and typically arises

from the mucosa of the nasal cavity. It occurs most frequently in the

anterior nasal septum, followed by the inferior turbinate and the

nasal vestibule.4,5 The differential diagnosis primarily includes in-

verting papilloma, angiomatous polyp, juvenile angiofibroma, and

hemangiopericytoma. MR imaging studies can be helpful by suggest-

ing the preoperative diagnosis and guiding treatment planning,

though the MR-related literature is sparse. Most papers focus on the

CT features,14-17 but the preoperative definitive diagnosis for this

entity is often challenging on CT alone. Because MR imaging has

become the optimal technique for delineation and characterization

of nasal masses, we reviewed all the histopathologically proven cases
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of nasal LCH in our hospital over the past 9 years to describe the

conventional MR imaging features of nasal LCHs, to determine the

diagnostic value of the time-intensity curve for nasal LCHs, and to

compare routine and MR perfusion findings with a commonly diag-

nosed nasal cavity mass, the IP.

MATERIALS AND METHODS
Patients
This study was approved by our institutional review board.

Thirty-two patients with histopathologically confirmed nasal

LCHs over a 9-year period (May 2003 to April 2012) were retro-

spectively reviewed. The ratio of male to female was 9:7. The av-

erage age was 45 years (range, 6 –73 years). All 32 patients under-

went surgical removal of LCHs by endoscopic sinus surgery. Their

clinical presentations, physical and nasal endoscopy examina-

tions, and treatment plans were extracted from the medical

records.

To help assess the role of TIC pattern for predicting nasal

LCH, we selected IP, the most common benign tumor of the

nasal cavity, for comparison. We randomly selected 53 patients

(32 men, 21 women; age range, 26 –78 years; mean age, 52

years) with histopathologically confirmed nasal cavity IP who

underwent dynamic contrast-enhanced MR imaging during

the same period.

MR Imaging Technique
Before ESS, 32 patients with LCH and 53 patients with IP un-

derwent paranasal sinus MR imaging. The MR imaging exam-

inations were performed on a 1.5T unit (Signa TwinSpeed Ex-

cite; GE Healthcare, Milwaukee, Wisconsin) or 3T unit (Signa

HDx, GE Healthcare) with an 8-channel head coil. Fast spin-

echo pulse sequences were used in these patients. They under-

went pre-enhanced axial and coronal T1WI and axial T2WI

and postenhanced axial, coronal, and sagittal T1WI. Frequency-

selective fat saturation was added in the postcontrast axial or cor-

onal plane. The imaging parameters were as follows: T1WI: TR,

500 – 600 ms; TE, 10 –15 ms; T2WI: TR, 3500 – 4000 ms; TE, 120 –

130 ms; NEX, 2– 4; echo-train length, 11–27; matrix, 256 � 256;

FOV, 18 � 18 cm; section thickness, 4 –5 mm; intersection gap,

0.5 mm.

Gadopentetate dimeglumine (Magnevist; Bayer Schering, Ber-

lin, Germany) was administered intravenously at a flow rate of 2

mL/s (total dose, 0.1 mmol per kilogram of body weight) by use of

a power injector (Medrad, Indianola, Pennsylvania) followed by a

10-mL flush of normal saline solution. DCE-MR imaging was

performed by use of 3D fast-spoiled gradient recalled imaging

before conventional postcontrast T1WI in 24 patients. The fol-

lowing scan parameters were used: TR, 8.4 ms; TE, 4.0 ms; NEX, 1;

matrix, 256 � 160; FOV, 18 � 18 cm; section thickness, 3.2 mm;

intersection gap, 0 mm. Twelve sets of dynamic images were ac-

quired. Each set included 6 images and required 13 seconds; the

interset time gap was 12 seconds. The acquisition time of the

entire dynamic series was 5 minutes.

Image Analysis
The MR images were interpreted in consensus by 2 authors

(B.T.Y. and Y.Z.W.) with 14 and 8 years of experience in head and

neck MR imaging, respectively. DCE-MR imaging source images

were transferred to a workstation (Advantage 4.4, GE Healthcare)

for further analysis.

One author (J.Y.D.), with 6 years of experience in head and

neck MR imaging, manually placed the region of interest on the

dynamic images for assessment of the enhancement kinetics of

nasal lesions. The area of the region of interest was approximately

3– 4 mm in diameter, and the area that showed the greatest degree

of early enhancement was chosen for region of interest placement.

A similar-size region of interest was placed on the masseter mus-

cle for reference purposes. The TICs were generated for both re-

gions of interest in each patient. The spread pattern of contrast

enhancement (starting from a small point or portion, or from a

wide area) was first analyzed. Then the contrast index was calcu-

lated from the signal intensity, as follows:

contrast index � (contrast-enhanced signal intensity �

unenhanced signal intensity)/unenhanced signal intensity.

The washout ratio, expressed as a percentage, was defined as

follows:

washout ratio � [(maximum enhanced signal intensity �

end contrast-enhanced signal intensity)/

(maximum enhanced signal intensity �

unenhanced signal intensity)] � 100%,

where end signal intensity is the signal intensity at 5 minutes after

the administration of contrast material. With the use of the clas-

sification scheme of DCE-MR imaging proposed by Yabuuchi et

al18 and Hisatomi et al,19 with slight modifications based on our

previous studies,20,21 the TICs were qualitatively segregated into 3

types in the current study:

Type I (persistent pattern) appears as a straight or curved line,

and enhancement continues over the entire dynamic study (TTP

�60 seconds).

Type II (plateau pattern) appears as growing enhancement in

the early stage and then displays a sharp bend to form a plateau in

the middle and later stages (TTP �60 seconds; washout ratio,

10 –20%).

Type III (washout pattern) appears as rapid enhancement dur-

ing the early stage and then rapidly decreases in the middle and

later stages (TTP �60 seconds; washout ratio �20%).

Statistical Analysis
The statistical analysis was conducted with the Statistical Pack-

age for the Social Sciences, Version 11.0 software (SPSS, Chi-

cago, Illinois). We used the Monte Carlo exact test for compar-

ison of the TIC pattern and independent-samples t test for

comparison of the studied parameters of DCE-MR imaging

between LCH and IP. A P value of �.05 was considered statis-

tically significant.

RESULTS
The common clinical manifestations of LCH were progressive

nasal obstruction (30 patients, 93.75%), intermittent epistaxis (26

patients, 81.25%), rhinorrhea (25 patients, 78.12%), headache (5
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patients, 15.63%), and anosmia (2 patients, 6.25%).The average

duration of the 32 patients’ symptoms before diagnosis was 5

years (range, 0.5–10 years). On nasal endoscopy, LCHs appeared

as a red to purple polypoid mass.

On histopathologic examination, the lesions exhibited multi-

ple capillaries arranged in lobules with an ulcerated area com-

posed of neutrophilic infiltrates and irregular dilation of blood

vessels. Immunohistochemistry revealed positivity for CD34 and

a-smooth muscle actin.

Seventeen LCHs occurred in the right nasal cavity and 15 in

the left nasal cavity. Twenty-eight LCHs were located in the ante-

rior nasal cavity and 4 around the posterior nasal cavity. The le-

sions were found to arise from the nasal septum in 4 patients, the

nasal vestibule in 5, the middle turbinate in 9, and the inferior

turbinate in 14. These lesions appeared lobular in configuration

and had a well-defined margin. The mean maximum diameter

was 28 mm (range, 10 –51 mm).

On T1-weighted images, nasal LCHs appeared homoge-

neously isointense compared with cerebral gray matter in 32 pa-

tients (Fig 1A). On T2-weighted images, all lesions were hetero-

geneously hyperintense (Fig 1B and Fig 2A), with a thin peripheral

isointense or hypointense ring seen in 28 patients (Figs 1B and

2A). The lesions typically demonstrated marked enhancement of

most of the tumor on the enhanced MR images, with lack of

enhancement of the T2 isointense or hypointense ring in 28 pa-

tients (Figs 1C and 2B). The sites of origin of these 28 LCHs were

located in the opposite direction of the incomplete peripheral

ring. Multiple flow voids were demonstrated in 5 patients. Five

patients had intratumoral patchy hemorrhage, which showed

high signal on both the T1-weighted and T2-weighted images.

Both hemorrhage and flow-void signals were identified in 2 pa-

tients (Figs 3A, -B).

On T1-weighted images, 48 (48/53, 90.6%) IPs of the nasal

cavity were isointense relative to cerebral gray matter, and 5 (5/53,

9.4%) were hypointense. On T2-weighted images, 43 (43/53,

81.1%) IPs were heterogeneously isointense (Fig 4A) and 10

(10/53, 18.9%) were heterogeneously hyperintense. The le-

sions demonstrated moderate enhancement on enhanced T1-

weighted images. Forty-five (45/53, 84.91%) IPs had a convo-

luted “cerebriform” pattern on both T2-weighted and enhanced

T1-weighted MR images (Fig 4B).

The findings of DCE-MR imaging for both LCHs and IPs were

as follows: 1) The spread pattern of contrast enhancement started

from a wide area; 2) the contrast index, TTP, and washout ratio

values of LCHs and IPs were 2.31 � 0.62 versus 0.89 � 0.25,

43.85 � 14.29 seconds versus 62.12 � 12.25 seconds, and 29.66 �

10.85% versus 13.78 � 7.67%, respectively. There were statisti-

cally significant differences for the 3 parameters between the 2

groups (P � .05); and 3) the TIC patterns (Figs 1D, 1E, 2C, and

2D) are summarized in the Table. There was a statistically signif-

icant difference in the prevalence of TIC pattern between LCH

and IP of the nasal cavity (P � .05).

All 32 patients were followed up for 0.5–10 years (average, 3.9

years) after ESS and showed no evidence of recurrence.

FIG 1. Woman, 74 years old. A, Axial T1-weighted MR imaging shows a homogeneous isointense signal mass in the left nasal cavity. B, Axial
T2-weightedMR imaging shows a heterogeneous high signal mass with a thin peripheral isointense signal ring (m).C,Axial enhancedMR imaging
shows marked tumor enhancement with a nonenhanced thin peripheral ring (m). D, The round cursor marks the region of interest of the lesion
selected for signal intensity measurement at dynamicMR imaging. E,Corresponding axial DCEMR imaging depicts a plateau pattern (type II) TIC.
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DISCUSSION
The mechanism of development of nasal LCH is still unclear,

but proposed etiologic factors have included trauma, hor-

monal imbalance, viral oncogenes, microscopic arteriovenous

malformations, angiogenic growth factors, and cytogenetic ab-

normalities.4,11 On histopathologic examination, LCH generally

consists of circumscribed anastomosing networks of capillaries

arranged in 1 or more lobules in edematous and fibromyxoid

stroma. According to the histopathologic study performed by Toida

et al,22 most LCHs can be divided into a lobular area and a superficial

ulcerative area. The lobular area has a characteristic lobular architec-

ture with capillary proliferation. The ul-

cerative area is composed of neutrophilic

infiltrates and irregular dilation of blood

vessels, which may undergo secondary

nonspecific changes, including stromal

edema, inflammation, and a granulation

tissue reaction.4,5

Nasal LCH may develop at any age but

is more frequent in the third and fourth

decades and in females,3,4,7,8,11 though

our study showed a slight male predomi-

nance. LCH usually manifests as recurrent

unilateral epistaxis, nasal obstruction, and

purulent nasal discharge. Facial pain, hy-

posmia, and headache may occasionally

occur as well. At nasal endoscopy, the le-

sion usually appears as a red to purple pol-

ypoid mass that easily bleeds.3,4

In the literature, nasal LCHs occur more frequently in the

septum, followed by the lateral wall and the vestibule,4,5 whereas

the lateral wall (71.9%), followed by the vestibule (15.6%) and the

septum (12.5%) were the most common sites of origin in our

study. According to the literature14,15 and the present study,

nasal LCHs characteristically appear as a lobular and well-de-

fined soft tissue mass. On nonenhanced CT, these lesions tend

to be isoattenuated relative to gray matter, and they usually

have marked enhancement after the administration of contrast

material. Bony remodeling and local erosion may be noted in

large nasal LCHs.

FIG 2. Man, 30 years old.A,Axial T2-weightedMR imaging shows a heterogeneously hyperintense signal mass in the right nasal cavity with a thin
peripheral low signal ring (n). B, Axial enhanced MR imaging shows marked tumor enhancement with a nonenhanced thin peripheral ring (n).
C, The round cursor marks the region of interest of the lesion selected for signal intensity measurement at dynamic MR imaging. D, Corre-
sponding axial DCE-MR imaging depicts a washout pattern (type III) TIC.

FIG 3. Man, 44 years old. A, Axial T1-weighted MR imaging shows a heterogeneously isointense
signal mass in the left nasal cavity with patchy high signal area (m), corresponding to hemorrhage.
B, Lesion shows heterogeneously hyperintense on axial T2-weighted MR imaging with multiple
flow voids (,).
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Compared with CT, MR imaging demonstrates more charac-

teristic features. These lesions usually are homogeneously isoin-

tense to gray matter on T1-weighted images. On T2-weighted

images, most LCHs appear heterogeneously hyperintense with a

thin peripheral isointense or hypointense ring. Marked enhance-

ment of nasal LCHs is generally noted because of their high vas-

cularity, which is a key MR imaging feature. In our series, nasal

LCHs generally show marked post-gadolinium enhancement in

most of the lesion, with only a thin peripheral ring that is not

enhancing, and this characteristic finding gives rise to a diagnostic

clue. The central markedly enhancing areas may be correlated

histopathologically with the lobular area in these patients,

whereas the nonenhancing peripheral ring may correspond to

either a superficial ulcerative area or inflammatory secretions.

Additionally, the site of origin of LCH is generally located at the

opposite side of the incomplete peripheral ring, which was con-

firmed during surgery in our cases. Seven cases showed multiple

flow voids within the tumors, which may represent fast-flow

vessels.

DCE-MR imaging can provide information related to tumor

perfusion, microvascular permeability, and volume of the extra-

cellular space, which may aid in the specific diagnosis of head and

neck lesions and predict their biologic behavior.17-19 The TICs of

18 (18/24, 75%) LCHs in the present study show a washout pat-

tern (type III) and 6 (6/24, 25%) show a plateau pattern (type II).

Our study showed a statistically significant difference in the TIC

pattern between LCH and IP in the nasal cavity, with the plateau

pattern TIC (type II) (35/53, 66%) being the most common in the

latter. This demonstrates that type III TIC is relatively character-

istic for nasal LCHs; hence, this technique may give an important

clue to diagnosis of a suspected LCH in the nasal cavity.

IP is the most common benign nasal

tumor and represents 70 – 80% of all be-

nign tumors of this region.20,23 IP has a

tendency for a high rate of recurrence,

local aggressiveness, and association

with carcinoma; hence, it needs more

aggressive surgical resection compared

with LCH. Thus, preoperative differen-

tiation of IP from LCH can be helpful for

surgical planning. On the basis of our

study and the literature,23 IPs typically

show heterogeneously isointense T2 sig-

nal and a convoluted “cerebriform” pat-

tern on both T2-weighted and enhanced

T1-weighted MR images.23 Other con-

siderations in the differential diagnosis

of nasal LCH include angiomatous pol-

yps, juvenile angiofibroma, and heman-

giopericytoma. Angiomatous polyps often arise from the choanal

region. The lesions usually show hyperintense signal on T2-

weighted images and marked enhancement on enhanced T1-

weighted images.24 Juvenile angiofibromas occur almost exclu-

sively in male adolescent patients and usually arise from or near

the sphenopalatine foramen with extension into the posterior na-

sal cavity and the nasopharynx. The typical imaging characteristic

is marked post-gadolinium enhancement with associated multi-

ple flow voids. Hemangiopericytoma is a rare tumor of the nasal

cavity and often arises from the posterior nasal cavity. The typical

imaging manifestations include isointense signal on T2-weighted

images, marked post-gadolinium enhancement, and a plateau

TIC pattern (type II) on DCE-MR imaging.25

This study has some limitations. First, the regions of interest

that were used for generating TICs could not be precisely corre-

lated to histopathologic findings. Second, region of interest place-

ment was performed by a single author, which could have intro-

duced a bias. Despite these limitations, our study suggests that

MR imaging and generation of TICs could be useful in assessing

nasal LCHs.

CONCLUSIONS
Although the definitive diagnosis of nasal LCHs is dependent

on histopathologic findings and characteristic immunohisto-

chemical staining, MR imaging may suggest the diagnosis before

surgery. The typical MR imaging characteristics of nasal LCHs

include hyperintense signal on T2-weighted images, marked en-

hancement of most tumor with a nonenhancing thin peripheral

ring on enhanced T1-weighted images, and a washout TIC

pattern.
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