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OBJECTIVE. Although mural nodules are considered to be the most important hallmark
in the recognition of ovarian cancers accompanied with endometriotic cysts, benign neo-
plasms and even inflammatory diseases can show similar MRI findings. We sought to clarify
the MRI characteristics of malignancy accompanied with endometriotic cysts of the ovary.

MATERIALS AND METHODS. Contrast-enhanced MRI was performed and endometri-
osis was pathologically confirmed in 49 patients with endometriotic cysts displaying mural nod-
ules. Malignancy was pathologically diagnosed in 33 patients and benignity, in 16. Clinical data
including patient age and MRI findings in terms of the size of the endometriotic cysts, number
of loculi, presence of shading of the cysts, size of the mural nodules, signal intensity of the mural
nodules on T1- and T2-weighted images, and contrast enhancement of the mural nodules were ret-
rospectively reviewed. Statistical analysis of each parameter used the Mann-Whitney U test.

RESULTS. The mean age of the patients and mean size of the endometriotic cysts were
significantly higher in patients with a malignant condition than in those with a benign condi-
tion. Contrast enhancement of the mural nodules was observed in 97% of malignant and 44%
of benign tumors. The size of the mural nodules was significantly larger in patients with a ma-
lignant condition than in those with a benign condition. Differences in size between the bilat-
eral diseases, multilocularity, existence of shading, and the signal intensities of mural nodules

were not significantly different between the malignant and benign conditions.

CONCLUSION. Endometriotic cysts with enhanced mural nodules are not always com-
plicated with malignancy. In elderly patients, the presence of large enhanced nodules on large
endometriotic cysts is more likely to indicate malignancy.

e number of patients with endo-
metriosis is increasing in the de-
eloped countries. In addition,
; - the number of patients desiring
conservative observation is also increasing
because a higher number of nulliparous woin-
en are in their 30s than before. On the other
hand, endometriotic cysts have drawn atten-
tion as a potential source of ovarian carcino-
mas [1-3]. Several clinical and imaging risk
factors have been reported, such as age of more
than 40 years, large cyst size, lack of shading
on MRI, and so on [4-6]. Investigators have
also reported that patients with endometriotic
cysts have decreased dysmenorrhea after ma-
lignant transformation occurs [5]. Of these
findings, enhancement of mural nodules seems
to be the most valuable imaging finding [6. 71;
however, benign conditions with this finding
have been also reported [8-14].

The purpose of this study was to clarify
the MR findings of ovarian cancer in asso-
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ciation with endometriotic cysts by compar-
ing the findings in benign and malignant le-
sions in detail.

Materials and Methods

From a review of our PACS for the period of
April 1997 to November 2006, we found 71 cases
with findings that could be suspicious for ovarian
cancer in association with endometriosis. Patients
were initially selected for entry in this study by gy-
necologists in an outpatient clinic. We picked prima-
ry candidates who had cystic adnexal masses with
some solid parts on transvaginal or transabdominal
ultrasound by reviewing the order form for the pel-
vic MR examination. Patients with adnexal mass-
es that showed MR characteristics of endometriotic
cysts and mural nodules or eccentric cyst-wall thick-
ening were included as secondary candidates and a
contrast study was added. Our MR criteria for the
endometriotic cysts were hyperintense masses with
a thick wall or septa on fat-saturated Tl-weighted
images and at least one of the following findings:
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shading on T2-weighted images, multilocular cyst,
or adhesion to the surrounding organ. Shading is a
characteristic finding of endometriotic cysts, as re-
ported by Nishimura et al. [15], and is defined as a
centrally or peripherally located low-intensity area
in the hyperintense cyst. The mural nodules were
defined as focal bulging of the cyst wall toward the
center of the cyst at an acute angle. For inclusion in
the study, the secondary candidates were required to
have MR characteristics of both the endometriotic
cysts and mural nodules or eccentric cyst-wall thick-
ening. Surgical removal was performed in 55 of 66
secondary candidates; however, ectopic endometri-
al tissue was not observed in the surgical specimen
in six cases. Therefore, 49 cases with histopatholog-
ically confirmed ovarian endometriotic cysts were
included in this study.

MR examinations were performed using 1.5-T
superconducting units (Gyroscan, Philips Health-
care). Images were obtained with a phased-ar-
ray body coil in all patients. Butyl scopolamine
(Buscopan, Boehringer Ingelheim) was given in-
tramuscularly just before the examination to reduce
bowel peristalsis. Axial Tl1-weighted images, T2-
weighted images, and fat-saturated Tl-weighted
images were obtained. Contrast enhancement was
also performed with IV administration of 5 mmol
of gadopentetate dimeglumine (Magnevist, Bayer
HealthCare). The field of view (FOV) was 28 cmin
all sequences except a 3D dynamic contrast study.

Tl-weighted images were obtained with a spin-
echo sequence (TR range/TE range, 340-545/11—
20; slice thickness, 4-10 mm; intersection gap,
0.4-2 mm; 2-4 excitations), and T2-weighted im-
ages were obtained with a fast spin-echo sequence
(TR/TE, 1,800/100; echo-train length, 16; slice
thickness, 4-10 mm; intersection gap, 0.4-2 mm;
2 excitations). Fat-saturated T1-weighted images
were obtained using a spectral presaturation with
inversion-recovery sequence (425-680/10-12); the
slice thickness and intersection gap were the same
as those used for T1-weighted imaging before con-
trast administration with 2-3 excitations.

After administration of contrast material, fat-
saturated T1-weighted images were obtained us-
ing the same parameters as those used before con-
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trast enhancement in six patients, a 2D dynamic
contrast study with subtraction with turbo field-
echo imaging (12/4.6: slice thickness, 810 mm; 4
or 6 planes; 6 excitations; temporal resolution, 31
milliseconds) was used in 34 patients, and a 3D dy-
namic contrast study with subtraction with T1 high-
resolution isotropic imaging (4.3/2.0; FOV, 40 cm;
slice thickness, 4 mm with 2-mm overlap; 40-80
planes; 1-2 excitations; temporal resolution, 20-40
seconds) was performed in nine patients.

MR findings were retrospectively reviewed
without the knowledge of surgical or patholog-
ic findings by two radiologists in consensus who
were familiar with gynecologic MRI. They evalu-
ated the size and nature of the endometriotic cysts:
whether disease was unilateral or bilateral, the ra-
tio of the maximum diameter of the affected cyst
to the contralateral cyst, whether cysts were uni-
locular or multilocular, and the presence of shad-
ing. A patient was considered to have bilateral
disease only when the contralateral ovary had an-
other lesion that met our criteria for endometriotic
cysts. The ratio of the maximum diameter of the
affected cyst to the contralateral cyst was calculat-
ed only when the patient had bilateral disease. In
other words, we excluded the cases with unilateral
disease from that statistical analysis.

We also evaluated the size and nature of the
mural nodules: shape, the maximum diameter,
signal intensity compared with the outer myome-
trium on TI- and T2-weighted images, and con-
trast enhancement. We classified the morphologic
pattern of the protruded cyst wall into four types
(Fig. 1). The first type was the nodular type in
which one or more mural nodules had a smooth
margin over the entire surface of the mural nod-
ules. The second type was the papillary type in
which one or more mural nodules had a papillary
surface. The third type was multilocular cysts in
which the mural nodules were composed of cysts
with thin septa. The fourth type was localized
wall thickening in which the eccentric cyst-wall
thickening was at an obtuse angle. The localized
wall thickening type was slightly different from
the other three types, although we included cysts
of this type in our study because cyst-wall thick-
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Fig. 1—lllustration shows morphologic classification
of protruded cyst wall. We classified morphologic
pattern of protruded cyst wall inta four types:
nodular, papillary, localized wall thickening, and
multilocular cyst.

ening has been reported as a sign for malignant
cystic adnexal masses [16].

Statistical analysis between benign and malig-
nant diseases was also performed using the Mann-
Whitney U test (Prism 4, GraphPad Software) for
Macintosh (Apple Computer) to evaluate for dif-
ferences in patients’ age, maximum cyst diameter,
and type of protruded cyst wall.

Results

The final pathologic diagnoses are summa-
rized in Table 1. Thirty-three patients had a
malignant condition (Fig. 2) and 16. a benign
condition (Fig. 3). Only one diagnosis in the
benign category was a mucinous cystadeno-
ma, and the others were not associated with
neoplasms. In the malignant group, four cases
were borderline epithelial neoplasms, 28 were
carcinomas, and the remaining one was ad-
enosarcoma. The histologic subtype was se-

TABLE I: Histopathologic Diagnosis
of the Cases

Histopathology No. of Cases
Malignant condition
Borderline malignancy
Serous 2
Mucinous 1
Endometrioid 1
Adenocarcinoma
Serous 5
Clear cell 8
Endometrioid n
Mixed 3
Undifferentiated carcinoma 1
Adenosarcoma 1
Benign condition
Benign neoplasm
Mucinous cystadenoma 1
Endometriosis with inflammation 1
Pure endometriosis 14

AJR:194, February 2010
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Fig. 2—Clear cell adenocarcinoma arisen from endometriotic cyst of left ovary (International Federation of Gynecology and Obstetrics stage Ic) in 35-year-old woman.
A-C, There are two cysts in pelvis: Larger cyst shows high signal on T2-weighted image (A) (TR/TE,,, 1,800/100) and slightly high signal on T1-weighted image (B)
(TR/TE, 594/10). Signal was not suppressed by fat-suppressed T1-weighted image (C) (680/10). There are two papillary projections {arrows) on floor of cyst that show
high signal on T2-weighted image and low signal on T1-weighted image. We can also see another cyst (arrowheads) that is diagnosed as typical endometriotic cystin
contralateral ovary. It shows high signal intensity on T1-weighted images and diffusely low signal intensity on T2-weighted image. Note lack of shading on T2-weighted

image in endometriotic cyst with malignancy.

D, After administration of gadolinium-based contrast medium, enhanced fat-saturated T1-weighted image (680/10) shows that center parts of nodules were strongly

enhanced.

E, Photomicrograph of histologic specimen shows that tumor is composed of tumor cells deranged in papillary fashion, accompanied by ectopic endometrial glands with

stroma. (H and E, low-power field)

rous in two cases, mucinous in one case, and
endometrioid in one case for the borderline
malignancies, whereas the histologic subtype
was serous in five, clear cell in eight, endo-
metrioid in 11, and mixed in three for adeno-
carcinomas. Postoperative clinical stage, es-
tablished using the International Federation
of Gynecology and Obstetrics classification
system of 29 malignant ovarian tumors, was

AJR:194, February 2010

Ia in eight, Ib in two, Ic in six, Ilc in three, IlIa
in one, and Illc in nine.

The imaging characteristics of the study
group are summarized in Table 2.

The mean age of the patients with a benign
condition was 36 years (range, 25-57 years),
whereas that of patients with a malignant con-
dition was 44 years (range. 2665 years) (Fig.
4). The mean age was significantly higher in
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the malignant group than in the benign group
(p < 0.05, Mann-Whitney U test). The mean
maximum cyst diameter was 7.8 cm (range,
3.2-14.2 cm) in the benign group and 11.2 cm
(range, 4.0-19.2 cm) in the malignant group
(Fig. 5). It was also significantly larger in the
malignant group (p < 0.05, Mann-Whitney U
test). Disease was unilateral in seven of the
16 benign cases and 12 of the 33 malignant
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cases. The ratio of the maximum diameter
of the affected cysts to the maximum diame-
ter of the contralateral cysts was larger in the
malignant group (range, 0.6-296.3; mean,
29.6) than in the benign group (range, 0.5-
5.7; mean, 2.2); however, the difference was
not statistically significant.

Thirteen of the 16 benign cysts showed
shading on T2-weighted images, whereas
shading was seen in only 11 of the 33 ma-
lignant cysts. The shape of the cyst wall pro-
trusion was nodular in 11, papillary in three,
multilocular cystic in 0. and localized wall
thickening in two in the benign group and was
17, 14, two. and 0 in the malignant group, re-
spectively. Nodular- and papillary-shaped mu-
ral nodules were seen in both groups; howev-
er, localized wall thickening was seen in only
the benign group. The mean maximum diam-
eter of the mural nodules was 1.2 cm (range,
0.4-2.3 cm) in benign and 4.3 cm (range, 1.0
8.7 cm) in malignant lesions. It was also sta-
tistically larger in the malignant group (p <
0.0001, Mann-Whitney U test) (Fig. 6).

The signal intensity of the mural nodules
varied in both groups on T1- and T2-weight-
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Fig. 3—Endometriotic cysts of bilateral ovaries in 35-year-old woman. There

are two multilocular cystic masses in pelvic cavity. One is located at right
posterolateral side of uterus and other, at left anterolateral side.

A-C, Both cysts show high signal intensity with hypointense capsule and septa on
T1-weighted image (A) (TR/TE, 594/10). Left anterior mass (arrows) has papillary
projection on wall of cyst with low signal intensity on both T1-weighted image and
T2-weighted image (B) (TR/TE,,, 1,800/100) and shows contrast enhancement

on enhanced fat-saturated T1-weighted image (C) (680/10). Content of cyst with
papillary projection shows low signal intensity on T2-weighted image in contrast to
Figure 2B due to shading.

D, Photomicrograph shows that papillary projection is composed of fibrotic tissue
with hemorrhage within endometriosis. On the other hand, right posterior mass that
partly included hyperintense fiuid on T1-weighted images that showed shading on
T2-weighted images can be also diagnosed as endometriotic cyst. It does not show
any protrusion of cyst wall. (H and E, low-power field)

D

ed images. On T1-weighted images, the malig-
nant mural nodules showed high signal in two
patients, intermediate signal in seven, and low
signal in 24, whereas the benign mural nod-
ules showed signal in three, four, and 9, re-
spectively. On the other hand, on T2-weighted
images, the malignant mural nodules showed
high signal in 18 patients, intermediate sig-
nal in nine, and low signal in six. whereas the
benign mural nodules showed signal in nine,
two, and five, respectively. All but one malig-
nant lesion had enhancing mural nodules, but
there were seven benign masses with enhanc-
ing mural nodules (Figs. 2 and 3).

Discussion

Endometriosis is defined as the presence of
endometrial tissue outside the endometrium
and myometrium. This condition is predom-
inantly found in women of reproductive age
and typically causes pelvic pain and infertil-
ity. Ovaries are one of the most common sites
that endometriosis affects. One of the major
treatment options is surgical removal of the
ovaries; however, preservation of the repro-
ductive function is desirable in most wom-
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en with endometriosis [17]. Development of
hormonal therapy, such as gonadotropin-re-
leasing hormone agonist and the tendency to
put off marriage in developed countries have
caused the rate of hysterectomy from endo-
metriosis to decrease [18]. This phenome-
non results in an increased number of patients
with endometriosis seeking care in outpatient
clinics. On the other hand, malignant tumors
that develop from endometriotic cysts have
come to the attention of gynecologists [1, 2,
19]. Although the exact prevalence of malig-
nant tumors arising from endometriotic cysts
of the ovary is unknown, studies in Japan have
indicated a prevalence of approximately 0.7%
[20, 21]. Investigators have also reported that
clear cell and endometrioid adenocarcinomas
are the malignancies most commonly seen in
ovarian endometriosis [22, 23].

In our series, 11 of the 33 malignant tumors
were endometrioid adenocarcinoma, which
was the leading pathology, and eight were clear
cell adenocarcinoma. These findings with re-
gard to prevalence are similar to those in pre-
vious reports. The results of a clinicopatho-
logic study also indicated that ovarian cancer
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TABLE 2: Patient Age and Imaging Characteristics of the Cases

Pathologic Diagnosis
Characteristic Benign Malignant p
Patient age (y) <0.05
Mean 36 44
Maximum cyst diameter (cm) <0.05
Mean 78 1n.2
Unilateral vs bilateral, no. of cases —
Unilateral 7 12
Bilateral 9 21
Ratio of maximum diameter of affected cyst to NS
maximum diameter of contralateral cyst
Mean 2.2 29.6
Shading present, no. (%) of patients 13/16 (81.3) 11/33(33.3) —
Shape of mural nodules, no. of cases —
Nodular " 17
Papillary 3 14
Multilocular cystic 0 2
Localized wall thickening 2 0
Maximum diameter of mural nodules (cm) <0.0001
Mean 1.2 43
Signal intensity of mural nodules
T1-weighted imaging —
High 3 2
Intermediate 4 7
Low 9 24
T2-weighted imaging —
High 9 18
Intermediate 2 9
Low 5 6
Enhancement of mural nodules present, /16 (43.8) 32/33(97.0) —
no. (%) of cases

Note—Dash (—) indicates notapplicable. NS = not statistically significant.

with endometriotic cysts tended to show at an
earlier stage and to be associated with a bet-
ter prognosis than conventional ovarian can-
cer without endometriosis [3, 24]. Tanaka et
al. [6, 12] reported enhancing mural nodules
were the most important risk factor for ovari-
an cancer arising from endometriosis; howev-
er, other pathologic conditions with such im-
aging findings have also been reported [8. 9,
11-14] including polypoid endometriosis [14],
decidualized endometriotic cysts during preg-
nancy (11, 12], Miillerian mucinous border-
line tumors [13], and so on. Therefore, other
imaging criteria are needed to detect coexist-
ing malignancy.

Kobayashi et al. [4, 21] reported that post-
menopausal women had a high risk of ovar-
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ian cancer arising from endometriosis dur-
ing a follow-up period of up to 17 years in
a cohort of patients with ovarian endometri-
omas. Our study also indicated that patients
with malignancy were significantly older
than those without malignancy. In the era of
MR, radiologists can easily diagnose ovari-
an endometriotic cysts with multilocular cys-
tic masses [25], adhesions [26], hyperintense
fluid on T1-weighted images, and shading on
T2-weighted images [15, 25]. Therefore, we
should pay attention to the possibility of co-
existing malignancy when diagnosing endo-
metriotic cysts of the ovaries especially in
patients older than 45 years.

Kobayashi et al. [21] reported that there
is an increased risk of malignancy in endo-
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metriotic cysts larger than 10 cm. Our study
showed the mean diameter of the cysts with
malignancy was 11.2 cm, which was signifi-
cantly larger than that of cysts without ma-
lignancy. On the other hand, Tanaka et al. [6]
reported that endometriotic cysts with ma-
lignancy tended to show unilateral disease
or were larger compared with contralateral
disease. In this study, 44% of patients with
benign findings showed unilateral disease,
whereas only 36% of patients with malignant
conditions had unilateral disease. Therefore,
larger cyst size seems to be a risk factor for
malignancy, although asymmetric cyst size
did not show a statistically significant corre-
lation with coexisting malignancy.

Lack of shading on T2-weighted images
has been reported as another risk factor for
malignancy [6]. In this study, 81% of benign
cysts showed shading on T2-weighted imag-
es, whereas shading was seen in only 33% of
the malignant cysts. Because epithelial ovar-
ian carcinomas typically appear as predomi-
nantly cystic mixed masses [16], the tumor
cells are expected to produce some fluid. On
the other hand, hemorrhagic fluid is within
the endometriotic cysts before carcinoma de-
velops, which causes shading that appears as
prominent low intensity within a loculus on
T2-weighted images [15]. Therefore, dilu-
tion of the hemorrhagic contents by nonhem-
orrhagic fluid produced by the malignant tu-
mors may be a cause of lack of shading.

Mural nodules with contrast enhancement
seem to be the most valuable imaging finding
suggestive of coexisting carcinoma [6. 7]; how-
ever, other conditions with this finding have
also been reported [8-13]. Polypoid endometri-
osis is an uncommon and distinctive form of
endometriosis with histologic features simulat-
ing an endometrial polyp. It has been defined as
“exophytic or polypoid, tumor-like masses that
project from a serosal or mucosal surface or
from the lining of an endometriotic cyst” [27].
This entity, associated with tamoxifen therapy
against breast cancer, has also been reported
in the pathology literature [27, 28]. Kraft and
Hughes [9] and Takeuchi et al. [14] indepen-
dently reported one patient with polypoid endo-
metriosis that showed mural nodules on the en-
dometriotic cysts of the ovary. This entity and
nodular endometriosis reported by Onbas et al.
[10] showed intense enhancement with gado-
linium-based contrast materials. In fact, sev-
en of 16 cases without malignancy in our study
also showed mural nodules with contrast en-
hancement. In these cases, one had granuloma-
tous tissue within the ectopic endometriotic tis-

359



Tanaka et al.

70 p=00175
65 [ ]
60
] L]
55 - [ ]
L ]
]
< i
Y L]
-
Q@ l’
o 45 -
< T -
€ 1] ——
o 40 -
® asm
&
354 L as
] L]
L ]
30+
|
-
25 -
- -
20
10+
o l. - T
Benign Malignant

20+ [ ]
L ]
L]
]
]
|
. 15
E [T -E.
7] . ——
6 | ] L 1]
k]
8 10 T
g .
© L]
E IEI
£ ] .
g . b
x
@ 5 .
= H .
L]
L]
p = 0.0099
0 T T
Benign  Malignant

| p < 0.0001

~ 10 [ ]
£
2
$ :
=
3 "
z
© I=I
5
= 6 [ ]
S .
2 “afm
£
8 44
= al
£ . "
E - l.!l
x . =
2 Y = -

_“ [an [ 1]

L
04—
Ber;ign Maliglnant

Fig. 4—Statistical analysis using Mann-Whitney U
test reveals that age of patients in malignant group is
significantly higher than benign group (p <0.05). Long
horizontal bar indicates mean and short bars, = 1 SD.

sue; however, most of the cases were composed
of only endometriosis. Thus, even benign en-
dometriotic tissue can produce a mural nodule
with contrast enhancement.

Deciduosis of the ectopic endometrial tis-
sue is another cause of mural nodules on the
endometriotic cysts [11, 12]. Decidualized en-
dometriotic cysts usually show extremely high
intensity on T2-weighted images and are isoin-
tense to the placenta on all MR sequences [12].
Therefore, we believe that they may be distin-
guished from malignancy by clinical findings
and the signal intensity of the mural nodules.
Kataoka et al. [13] reported cases of Miillerian
mucinous borderline tumor arising from endo-
metriotic cysts. In their study, the tumors ap-
peared as mural nodules on the endometriot-
ic cysts, which showed prominent high signal
intensity on T2-weighted images [13]. One of
the patients in our study also had a Miillerian
mucinous borderline tumor in which the mu-
ral nodules showed very high signal intensity
on T2-weighted images. On the other hand, 17
other malignant and nine benign cases in our
study showed hyperintense mural nodules on
T2-weighted images. Qutwater et al. [29] re-
ported that large papillary projections corre-
sponding to neoplasms had distinct internal
architecture including a fibrous stalk support-
ing clumps of edematous papillae. They also
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Fig. 5—Statistical analysis using Mann-Whitney U
testreveals maximum diameters of cysts in malignant
group are significantly higher than those in benign
group (p < 0.0099). Long horizontal bar indicates
mean and shortbars, +1SD.

mentioned that even a functional ovarian cyst
could make nondescript papillary projections
that show intermediate signal on T2-weight-
ed images. Because we studied only the signal
intensity of the mural nodules but not the in-
ternal architecture, we cannot comment about
this issue. The results of our study did indicate
that the signal intensity on T2-weighted imag-
es varied in both benign and malignant groups.
In addition, even papillary projections as small
as 1 cm in diameter were within malignant tu-
mors. Therefore, we speculate that we cannot
accurately diagnose the pathology of mural
nodules by their signal intensity.

The size of mural nodules has not been
evaluated in any other study. to our knowledge,
concerning neoplasms accompanied by en-
dometriotic cysts. Our study revealed that the
maximum diameter of the mural nodules was
significantly larger than that of benign condi-
tions. We speculate that this characteristic may
be the third point to distinguish malignancy
arising from endometriosis from benignan-
cy. However, there was some overlap between
the malignant and benign groups. The small-
est mural nodule of the malignant group was
1.0 cm, whereas the largest mural nodule of the
benign group was 3.0 cm. Therefore, the find-
ings are indeterminate for mural nodules with
a diameter of between 1.0 and 3.0 cm.
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Fig. 6—Statistical analysis using Mann-Whitney U
testreveals maximum diameters of mural nodules in
malignant group are significantly higher than those
in benign group (p <0.0001). Long horizontal bar
indicates mean and short bars, + 1 SD.

The differential diagnosis of endometrio-
sis is important because we had to remove six
cysts that met our MR criteria but did not have
endometriosis by pathologic examination. We
believe that the adhesive findings may be a
hallmark of endometriosis; however, our crite-
ria did not include imaging findings suggest-
ing adhesion such as posterior cul-de-sac oblit-
eration, retroversion of the uterus, or elevation
of the posterior vaginal fornix [30]. Therefore,
six cases without endometriosis met our MR
criteria for endometriotic cysts. In these cases,
three of the six were primary epithelial ovarian
carcinoma, two were epithelial ovarian tumor
of borderline malignancy, and the remaining
one was a metastatic tumor of the endometrial
carcinoma. Radiologists should know that ma-
lignant ovarian tumors—even borderline ma-
lignancies—may have bleeding and may mim-
ic endometriotic cysts.

There are some limitations in this study.
First, there was selection bias in the study pop-
ulation. We selected cases with endometriosis
using findings of unenhanced MRI. As oth-
ers have previously reported, endometriosis in
mild disease cannot be diagnosed even with
fat-saturated TI-weighted images [26, 31].
Therefore, endometriosis with mild disease or
atypical MR findings might have been exclud-
ed from this study. On the other hand. nine of
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33 cases with malignancy had stage ITIc dis-
ease. Some of these were apparently malignant
by ancillary criteria including intraperitoneal
dissemination or lymph node metastases [16].
Thus, an advanced stage of disease might
cause significant differences between malig-
nancy and benignancy. If the study population
is limited to those with stage I disease, then
further evaluation will be needed.

In this study, our cases did not always match
the criteria for ovarian carcinoma arising from
endometriosis advocated by Sampson [1]. Ac-
cording to those criteria, the ovarian carcino-
mas should include the transitional pathology
between the benign endometrial tissue with
their stroma and the malignant tumors. How-
ever, we did not see such transitional lesions
histopathologically in our cases. Therefore,
our cases may include cases with endometri-
otic cysts incidentally seen with other pathol-
ogy. as reflected in the title of our article.

The third limitation is that the MR proto-
cols used were not uniform, with different pa-
rameters such as slice thickness or number of
excitations, because of the retrospective na-
ture of this study. In this study, we empha-
sized the size of the mural nodules, some of
which were less than 1 cm. Because strict cal-
culation is needed in this kind of study, a 10-
mm slice thickness seemed inadequate.

The results of our study revealed that ma-
lignant tumors associated with endometriot-
ic cysts tended to appear in older patients, in
patients with larger endometriotic cysts, and in
patients with endometriotic cysts without shad-
ing on MRI, as previously reported. Enhanced
mural nodules are still an important finding,
but there are some exceptions. We emphasize
the importance of the size of the mural nod-
ules in diagnosing malignancy associated with
endometriotic cysts. Despite some overlap, the
presence of mural nodules larger than 3 cm in
maximum diameter was a strong indicator of
coexisting malignancy in our study.
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