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Abstract The objectives of this study
were to determine the usefulness of
magnetic resonance (MR) imaging in
the differentiation of various lesions
causing an abnormality of the
endometrial cavity by evaluating the
imaging features on dynamic contrast-
enhanced study and late contrast-
enhanced T1-weighted images
(T1WI). Contrast-enhanced MR
imaging of 59 pathologically proven
lesions that showed an abnormality of
the endometrial cavity, including 32
endometrial cancers, five sarcomas,
nine hyperplastic polyps, nine sub-
mucosal myomas, three hyperplasia,
and one adenomyoma, were retro-
spectively reviewed. The enhance-

Introduction

For evaluation of the various lesions causing endometrial
abnormality, including endometrial carcinoma, polyp,
hyperplasia, submucosal myoma, adenomyoma, and myo-

ment degree and patterns on dynamic
contrast-enhanced study and late
contrast-enhanced T1WI were com-
pared among different pathologies. On
dynamic contrast-enhanced study,
72% (23/32) of endometrial cancers
showed early peak enhancement to be
reached within 1 min following intra-
venous administration of contrast
material. On late-contrast-enhanced
T1WI, lesions showed weak
enhancement with gradual washout.
Ninety-five percent (21/22) of benign
lesions and 100% (5/5) of sarcomas
showed late peak enhancement to be
reached in 2—-3 min following
intravenous administration of contrast
material. On late contrast-enhanced
T1WI, both of these lesions showed
persistent strong enhancement. Dif-
ferent enhancement patterns on dy-
namic contrast-enhanced MR imaging
and late contrast-enhanced T1WI can
provide a useful clue in the differen-
tiation of various lesions causing an
abnormality of the endometrial cavity.

Keywords Uterus endometrium -
Uterus neoplasma - MR

metrial sarcoma, ultrasonography (US) and endometrial
biopsy has been the mainstay for preoperative diagnosis.

On US, however, these lesions often cannot be separated
from the surrounding endometrium, and the whole endo-
metrium is seen as diffuse thickening [1]. As endometrial
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thickening is a nonspecific US finding, it should be
correlated with patient’s age, symptoms, and hormonal
status. To make a specific diagnosis in these circumstances,
endometrial curettage or biopsy should be performed.
However, as these procedures are commonly performed in
a blind manner, it is not always possible to obtain a
definitive diagnosis.

Recently, the usefulness of magnetic resonance (MR)
imaging in the differentiation of endometrial polyp and
carcinoma has been reported [2]. In the study, the
morphological features on T2-weighted images (WI)
were reported to be helpful in distinguishing most polyps
from carcinomas although biopsy was needed for the
diagnostic confirmation [2]. Another study tried to differ-
entiate endometrial lesions using T2WI and contrast-
enhanced (CE) MR imaging [3]. Using the presence of
myometrial invasion and less enhancement of the lesion on
late CE T1WI than that of the myometrium as diagnostic
criteria for malignancy, the authors reported a fairly high
sensitivity, specificity, and accuracy of MR imaging [3]. To
our knowledge, however, no study has investigated the
usefulness of dynamic CE MR imaging in the differenti-
ation of various endometrial lesions.

The purpose of this study was to determine the
usefulness of dynamic CE MR imaging and late CE
T1WI in differentiation of the various lesions causing an
abnormality of the endometrial cavity by analyzing
enhancement degree and patterns on these MR imaging
sequences.

Materials and methods
Patients

This study was approved by our institutional review
board. Of the patients who had gynecological MR
examinations between September 1994 and May 2000
in our institution, 73 (age range 22—76; mean age, 44
years) who showed an abnormality of the endometrial
cavity on MR imaging, including a mass or thickening of
the endometrium and a central uterine mass with
displacement or distortion of the endometrial cavity,
were included in this study. Diffusely thickened endome-
trium was considered abnormal when its thickness
exceeded 10 mm in premenopausal women and 5 mm in
postmenopausal women. Seven patients were excluded
because the endometrial lesions were less than 2.5 mm in
diameter, thus making it difficult to measure signal
intensity (SI) using a round cursor. Dynamic CE MR
studies were available in 59 of the remaining 66 patients.
Thirty-six patients were postmenopausal, and 30 were
premenopausal. Out of 35 patients with endometrial
cancer, 22 were postmenopausal.

Histopathological confirmation was made following
hysterectomy in 57 patients, dilatation and curettage
in two patients, and endometrial biopsy in remaining
seven. Histopathological diagnoses were as follows:
35 patients with endometrial carcinomas, ten with
hyperplastic polyps (without evidence of cellular
atypia), 12 with submucosal leiomyomas, five with
sarcomas (two stromal sarcomas and three malignant
mixed mullerian tumors), three with endometrial
hyperplasias, and one with adenomyoma. Lesion
size ranged from 1.4 cm to 12 cm (3.6£2.4 cm)
for endometrial carcinomas, from 3.5 to 12 cm (7.8+
4.3 cm) for sarcomas, from 2.1 to 10 cm for submucosal
myoma (5.242.4 c¢m), from 0.8 to 5 cm for hyperplatic
polyp (7.8+4.3 cm), from 0.8 to 4 cm for endometrial
hyperplasia (1.5+1.3 c¢cm), and a 3.5 cm adenomyoma.

MR imaging was performed with a 1.5 T unit (Signa;
GE Medical systems, Milwaukee, WI, USA). All
subjects were examined using a pelvic or TORSO
multicoil. Axial T1-weighted spin-echo images (TR/TE
450-700/10, matrix 256x192) and axial and sagittal fast
spin-echo T2WI (TR/effective TE 3000-6000/85-104,
matrix 512x256-512x192) were obtained. Field of view
(FOV) was 22-26 cm, and section thickness was 5 mm
with a 2 mm interscan gap.

Dynamic CE MR images using gradient echo techniques
(multiplanar spoiled gradient recalled echo images;
MPSPGR) were obtained in sagittal plane immediately
and 1, 2, and 3 min following intravenous administration of
gadopentetate  dimeglumine (Magnevist; Schering,
Germany; 0.1-0.15 mmol/kg). MPSPGR sequences
were obtained using TR 40-60 ms, TE 3-5 ms, flip
angle 60°, 256x192 matrix, and 5-mm section
thickness. Late CE T1WI using parameters of TR/TE
450-700/10 ms, 256x192 matrix, and 5-mm section
thickness was obtained in axial and sagittal planes
about 5 min after contrast administration.

Image analysis

MR images were retrospectively evaluated by two
radiologists who were unaware of histopathological diag-
nosis, and the differences were resolved by a consensus
when there was a discrepancy in the interpretation. Sagittal
images were used for analysis of three different MR
imaging techniques: T2WI, dynamic CE studies, and late
CE TIWL

SI of uterine lesions were measured at the same area in
the same level imaging plane as noncontrast and dynamic
CE study performed immediately and 1, 2, and 3 min
following contrast administration. SI ratio of lesions to that
of noncontrast T1WI was plotted on a graph and compared
among different pathologies. Time to peak enhancement
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and homogeneity of enhancement were recorded in each
lesion and compared among different groups. On late CE
T1WI, the enhancement degree of the lesions was
classified into hypointense, isointense, and hyperintense
relative to that of adjacent myometrium and compared
between various lesions of different pathologies.

On T2WI, uterine lesions were analyzed as follows:
(a) lesion SI, (b) SI homogeneity (homogeneous or
heterogeneous), and (c) presence or absence of intratu-
moral cyst, fibrous core, and myometrial invasion.
Lesion SI was compared with that of the outer myo-
metrium and classified as hypointense, isointense, or
hyperintense. On T2WI and CE MRI, an intratumoral
cyst was defined as a discrete area of water SI within the
lesion and the fibrous core as low SI structure at the
myometrial junction. Myometrial invasion was defined
when normal endometrial lining was disrupted by
lesions.

For quantitative analysis, lesion SI on dynamic CE
study and late CE T1WI were measured using the round
cursor of the same size (>5 mm?) that includes only the
solid portion of the lesion on a picture archiving and
communication system (PACS) monitor (PathSpeed
Workstation, GE Medical Systems, Milwaukee, WI,
USA). If the lesion was homogeneous in SI, we put the
cursor in the center of the lesion. If the lesion was
heterogeneous, we avoided putting the region of interest
(ROI]) in the cystic or necrotic portions, which were seen
as high signal intensity similar to water on T2WI or did
not enhance on dynamic and delayed contrast-enhanced
MR images. Results were plotted on a graph using ratios
of the SI on each sequence of contrast-enhanced scans
over those of precontrast scans (contrast-enhanced/
precontrast).

Statistical analysis
SI ratios of the endometrial lesions were compared using

one-way ANOVA. To compare the proportions of MR
imaging features between various lesions, Fischer’s exact

test was used. Statistical significance was considered when
p value was less than 0.05.

Results
Dynamic CE study

Time to reach peak enhancement and enhancement patterns
of various uterine lesions are summarized in Table 1.
Endometrial carcinomas reached peak enhancement within
1 min following administration of contrast material in
23/32 (72%) patients whereas only one out of nine
myomas showed peak enhancement within 1 min
(Table 1). The remaining myomas and all polyps,
hyperplasia, adenomyomas, and sarcomas showed
maximal enhancement in 2 or 3 min after contrast
administration. All five sarcomas showed peak enhance-
ment in 2 or 3 min (Figs. 1, 2, 3, 4, and 5). Statistically,
endometrial carcinomas showed significantly earlier
peak enhancement than both benign uterine lesions and
sarcomas (p<0.05). Endometrial carcinomas, polyps,
and myomas showed homogeneous enhancement in
29/32 (91%), 6/9 (67%), and 6/9 (67%), respectively
whereas sarcomas showed heterogeneous enhancement
in 4/5 (80%). In quantitative analysis, endometrial
carcinomas showed early mild enhancement and late
gradual washout whereas sarcomas and benign uterine
lesions demonstrated more intense and persistent
enhancement.

Late CE TIWI

On late CE T1WI, all endometrial carcinomas were seen as
hypointense SI whereas sarcomas, polyps, myomas,
hyperplasia, and the adenomyoma were all seen as
hyperintense SI. Compared with dynamic studies, all
carcinomas showed further gradual decrease in enhance-
ment while sarcomas and all benign uterine lesions showed
persistent enhancement (Figs. 2, 3, 4, and 5). Quantitative

Table 1 Time to peak enhancement of lesions causing an abnormality of the endometrial cavity on dynamic contrast-enhanced MR imaging

Time to peak enhancement

Enhancement pattern

Number Immediate 1 min. 2 min. 3 min. Homogeneous Heterogeneous
Carcinoma 32 5 18 9 29 3
Polyp 9 4 5 6 3
Myoma 9 1 1 7 6 3
Hyperplasia 3 2 1 2 1
Adenomyoma 1 1 1 0
Sarcoma 5 1 4 1 4

N number of patients
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Fig. 1 Comparison of signal intensity (SI) ratios (contrast-enhanced/
precontrast) of uterine lesions causing an abnormality of the
endometrial cavity on dynamic contrast-enhanced MR imaging
performed immediately and 1, 2, and 3 min after administration of
contrast materia. Signal intensity ratios of these lesions were serially
plotted. Endometrial cancers show early peak enhancement with
gradual washout while leiomyomas, benign endometrial lesions, and
sarcomas show late peak enhancement. EMCA endometrial carcino-
mas, MYOMA leiomyomas, BEL benign endometrial lesions,
SARCOMA sarcomas

Fig. 2 A 47-year-old woman "'\: P S
with endometrial carcinoma J \
(stage Ia). a Sagittal fast-spin- g
echo T2-weighted image (TR/
effective TE: 4000/85) shows
that the endometrial carcinoma
(arrows) is polypoid-shaped and
homogeneously hyperintense to
the outer myometrium.

b Sagittal dynamic contrast-
enhanced and late contrast-
enhanced MR images were
obtained immediately and 1, 3,
and 5 min (left to right) follow-
ing intravenous administration
of gadopentetate dimeglumine.
The endometrial carcinoma
(arrow) reaches peak enhance-
ment immediately after admin-
istration of contrast material and
then shows gradual washout.
The last contrast-enhanced
T1WI (TR/TE: 550/10) shows
that the enhancement degree of
the lesion is weaker than that of
the outer myometrium

analysis demonstrated a significant difference in Sls
between the carcinoma and the other groups, including
all benign uterine lesions and sarcomas (p<0.05).

T2WI

Of 35 patients with endometrial carcinoma, these lesions
showed homogeneous SI in 25 (71%) and heterogeneous
SI in ten (29%) on T2WI (Fig. 2). Of ten patients with
hyperplastic polyps, these showed homogeneous SI in
three (30%) and heterogeneous SI in seven (70%) on T2WI
(Fig. 3). Of 12 patients with submucosal myoma, these
lesions showed homogeneous SI in three (25%) and
heterogeneous SI in nine (75%) (Fig. 4). Of five patients
with sarcoma, these showed homogeneous SI in one (25%)
and heterogeneous SI in four (75%) (Fig. 5). As compared
with sarcoma and benign uterine lesions, endometrial
cancer more often demonstrates heterogeneous signal
intensity on T2WI (p<0.05).
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Fig. 3 A 52-year-old woman
with endometrial polyp. a Sag-
ittal fast-spin-echo T2-weighted
image (TR/effective TE:
6000/104) shows that the endo-
metrial polyp (arrows) is oval
shaped and heterogeneously
hyperintense to the outer myo-
metrium. b Sagittal dynamic
contrast-enhanced MR images
and late contrast-enhanced MR
images were obtained immedi-
ately and 1, 3, and 5 min (left to
right) following intravenous in-
jection of gadopentetate dime-
glumine. The endometrial polyp
(arrow) shows late gradual and
persistent enhancement. Time to
peak enhancement of the lesion
is at 3 min after administration
of contrast material. The last
contrast-enhanced T1-weighted
image (TR/TE: 450/10) shows
that the enhancement degree of
the lesion is stronger than that of
the outer myometrium

In 35 patients with endometrial carcinoma, these lesions
were isointense to the outer myometrium in eight (23%)
and hyperintense in 27 (77%) (Fig. 2). Nine of 12 (75%)
submucosal myomas were hypointense to the outer
myometrium (Fig. 4). Three (25%) submucosal myomas
and two (20%) polyps were isointense to the outer
myometrium. Hyperintense SI lesions compared to the
outer myometrium were seen in eight (80%) hyperplastic
polyps, three (100%) hyperplasias, one (100%) adeno-
myoma, and five (100%) sarcomas (Figs. 3 and 5). As
compared with other uterine lesions, submucosal myomas
more often demonstrated low SI relative to myometrium
on T2WI (p<0.05). However, there was no significant SI
difference on T2WI among endometrial carcinoma,
sarcoma, and other benign uterine lesions (p>0.05).

Of 35 patients with endometrial cancer, intratumoral cyst
was seen in two (6%) and fibrous core was seen in three
(9%). Among the benign uterine lesions, intratumoral cyst
was seen in two hyperplastic polyps, three submucosal
myomas, and one adenomyoma. Fibrous core was seen in
three endometrial cancers, four hyperplastic polyps, one

endometrial hyperplasia, and one adenomyoma. However,
the incidence of intratumoral cyst and fibrous core was not
significantly different between endometrial carcinoma and
benign uterine lesions (p>0.05). Myometrial invasion was
seen in 80% (28/35) of endometrial carcinomas and 20%
(1/5) of sarcomas. No myometrial invasion was seen in the
benign lesions. Myometrial invasion was more frequently
seen in endometrial carcinoma than in sarcoma (p<0.05).

Discussion

In daily clinical practice, it is often difficult to differentiate
various lesions causing an abnormality of endometrial
cavity, including endometrial polyp, pedunculated sub-
mucosal myoma, endometrial hyperplasia, and carcinoma.
Imaging studies are frequently indicated in this situation.
Transvaginal US is the primary modality for evaluation of
the endometrium [1], and hysterosonography [4] and MR
imaging [2, 3, 5-9] can be used for further investigation.
Hulka et al. reported that transvaginal US could be useful
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Fig. 4 A 45-year-old woman
with submucosal myoma.

a Sagittal fast-spin-echo T2-
weighted image (TR/effective
TE: 4000/85). The submucosal
myoma (arrows) is oval shaped
and homogeneously hypoin-
tense to the outer myometrium.
b Sagittal dynamic contrast-en-
hanced MR images and late
contrast-enhanced MR images
were obtained immediately and
1, 3, and 5 min (left to right)
following intravenous injection
of gadopentetate dimeglumine.
The submucosal myoma (arrow)
shows late peak enhancement at
3 min after administration of
contrast material. The last con-
trast-enhanced T1-weighted
image (TR/TE: 450/10) shows
that the enhancement degree of
the lesion is slightly weaker than
that of the outer myometrium

for differentiation of endometrial lesions [1]. However,
even with US, differentiation may be difficult because
findings are often nonspecific (e.g., diffuse thickening of
the endometrium), and it is not always possible to
delineate individual endometrial lesions [1].

MR imaging may be helpful in differentiation of various
lesions of the endometrium [2, 3, 5-8] and in assessment of
myometrial invasion of endometrial carcinoma [9-15].
Grasel et al. reported that MR imaging could distinguish
most endometrial polyps from carcinomas on the basis of
morphologic features on T2WI [2]. They also reported that
a central core and an intratumoral cyst were more often
seen in endometrial polyps than in carcinomas, and
myometrial invasion and necrosis was highly predictive
for carcinomas [2].

In our study, SI of lesions on T2WI was not useful to
differentiate various endometrial lesions except submu-
cosal myoma. Submucosal myoma showed typical low SI,

as was described in a previous report [16], and could be
differentiated by SI from other endometrial pathologies. An
intratumoral cyst or a fibrous core was less frequently seen
in our study than reported in Grasel’s study [2]. As they
were seen in similar frequency in polyps and carcinomas,
the presence or absence of these findings was not very
helpful in differentiation of these lesions in our series.

As with other tumors outside the uterus, including
hepatocellular carcinoma, renal cell carcinoma, and
bladder cancer, endometrial carcinoma typically demon-
strates early enhancement. On dynamic study in our
series, endometrial carcinomas showed different enhance-
ment patterns compared with other endometrial patholo-
gies. Most endometrial carcinomas showed early maximal
enhancement and late gradual washout, which has been
described in previous literature [9]. In contrast, benign
lesions and sarcomas showed delayed persistent enhance-
ment pattern. The cause of these differences are not
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Fig. 5 A 57-year-old woman
with malignant mixed miillerian
tumor. a Sagittal fast-spin-echo
T2-weighted image (TR/effec-
tive TE: 4500/85) shows that
the malignant mixed miillerian
tumor (arrows) is an irregular
shape and heterogeneously hy-
perintense to the outer myome-
trium. An intramural myoma
(M) is incidentally detected.

b Sagittal dynamic contrast-
enhanced and late contrast-
enhanced MR images were
obtained immediately and 2, 3,
and 5 min (left to right)
following intravenous
administration of gadopentetate
dimeglumine. The polypoid
endometrial lesion (arrow)
demonstrates gradual and
persistent enhancement. Time to
peak enhancement of the lesion
is at 2 min after administration
of contrast material. Last
contrast-enhanced T1-weighted
image (TR/TE: 450/10) shows
that the enhancement degree
of the lesion is stronger than
that of the outer myometrium

known but may be related to the differences in vascular
permeability of contrast material between carcinomas and
other pathologies.

On late CE TIWI, endometrial carcinomas most
frequently showed lower SI than the myometrium, and
other uterine lesions, including endometrial sarcoma,
polyp, and myoma, tended to show higher SI than the
myometrium. These findings correlate well with the result
of Imaoka’s work [3]. Ueda et al. reported that heteroge-
neous SI on T2WI and persistent strong enhancement of
endometrial sarcoma on dynamic studies and late CE TIWI
were helpful in differentiating them from endometrial
carcinomas in spite of limited numbers of the lesions. The
relatively large size of sarcomas with enlarged endometrial
cavity also might be useful in differentiating these lesions
from benign endometrial lesions [17].

Ohguri et al. reported differential features between
endometrial carcinoma and malignant mixed mesodermal
tumors using gadolinium-enhanced dynamic MR studies
[18]. Unlike the results of our study, they described that
endometrial cancer shows early peak enhancement only in

one out of 11 cases, and most are poorly enhanced. There
are a few limitations in their study: endometrial cancers are
small in number and are qualitatively analyzed by two
radiologists. However, endometrial cancers (#=32) in our
study are relatively large in number as compared with their
study and are analyzed in a qualitative and quantitative
way. Although they shows figures of endometrial cancer of
homogeneous but poor enhancement, this lesion seems to
reach peak enhancement within 1 min and reveals gradual
washout of contrast material on 3-min delayed enhanced
MR image similar to the result of our study.

The limitations of our study included the relatively small
number of benign lesions and sarcomas compared with the
large number of carcinomas. Most endometrial cancers in
our study invaded the myometrium. It is ideal to include
only early carcinomas without myometrial invasion when
they are compared with other tumors on dynamic and
delayed CE MR imaging. Further study with a larger
population is needed to overcome this limitation. Secondly,
we used relatively longer scanning intervals for dynamic
CE MR imaging. With relatively longer intervals, we may
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have missed the detailed enhancement patterns. However,
we believe it was enough to evaluate overall enhancement
patterns of various uterine lesions. Thirdly, even with
advanced imaging techniques, the use of MR imaging in
the differentiation of endometrial pathologies may be
limited because most often, these lesions are ultimately
diagnosed by pathologic examination following endome-
trial curettage or biopsy. With those invasive procedures,
however, it is not uncommon to miss hidden endometrial
malignancy. Therefore, being familiar with MR imaging
findings of various uterine lesions may be helpful in
differentiation of these lesions, particularly when the

diagnosis is inconclusive or the patient cannot undergo
more invasive procedures.

In conclusion, dynamic CE MR imaging and late CE
T1WI may have a potential to differentiate various lesions
causing an abnormality of the endometrial cavity. On
dynamic contrast-enhanced study, endometrial cancers
often showed early weak enhancement whereas most
uterine sarcomas and benign uterine lesions, such as
myomas and polyps, demonstrated later stronger enhance-
ment. Signal characteristics of uterine lesions on T2WI
were not very helpful in differentiation except for low the
SI of uterine myoma.
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