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Abstract
Background: To assess parameters of 3-dimensional power Doppler ultrasound in differentiating an endometrioma from other hypoechogenic
adnexal cysts.
Methods: We collected 58 patients with classic-appearing endometriomas (homogeneous hypoechogenic adnexal cysts with round shapes) on
a 2-dimensional conventional sonography. The serum level of CA-125, parameters of 3-dimensional pelvic ultrasound including the volume of
the cyst, the mean grey value (MGV), and three vascular indices: vascularization index, flow index, and vascularization flow index, were
measured and then, after surgical intervention, were compared between the group with histologically proven endometriomas and the group with
other histological diagnoses.
Results: In the chocolate cyst group, the parity was significantly lower (0.68� 0.17, p¼ 0.012). The MGV and lesion volume of histologically
proven endometriomas were significantly lower (14.78� 0.7; 118.34� 15.5) than those of other hypoechogenic benign adnexal cysts
(17.17� 0.74; 227.18� 47.46), and the p values were 0.038 and 0.041, respectively. No differences in vascularization index (VI), flow index
(FI), and vascularization flow index (VFI) were found between the two groups. No relationship between lesion volume and MGV in the two
groups, either (p¼ 0.127 and 0.353). We also found little correlation between CA-125 and the volume of a histologically proven endometrioma
as well as between CA-125 and its MGV.
Conclusion: MGV might be useful to differentiate an endometrioma from other homogeneous hypoechogenic adnexal cysts.
Copyright � 2011 Elsevier Taiwan LLC and the Chinese Medical Association. All rights reserved.
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1. Introduction

An adnexal cyst is common in various gynecologic condi-
tions with or without discomforts, and a 2-dimensional (2D)
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pelvic ultrasound is the primary diagnostic modality for
evaluation. Endometriosis is pathologically defined by the
presence of viable endometrial tissue outside the uterine
cavity. The ectopic endometrial tissue undergoes cyclical
changes and bleeds during the menstrual cycle. Therefore, one
of the most commonly occurring appearances of endome-
triomas is that of an adnexal cyst with diffuse low-level
internal echoes, which is seen in 95% of endometriomas.1

However, the sonographic characteristics of endometriomas
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are diverse and may overlap with those of other adnexal
lesions. For example, hemorrhagic cysts also arise from the
clotted blood showing diffuse low-level echoes and, occa-
sionally, cannot be confidently distinguished from endome-
triomas. Moreover, pus in a tubo-ovarian abscess, mucous in
a mucinous cystadenoma, and sebaceous material in a dermoid
cyst can be hypoechogenic2 (Fig. 1A and B). With 2D pelvic
ultrasound, it can thus sometimes be difficult to differentiate
an endometrioma from other various adnexal cysts, with
hemorrhagic cysts and dermoids being the two most
commonly misdiagnosed conditions.3 With current clinically
available equipment, 3-dimensional (3D) sonographic recon-
struction is fast and has high resolution, giving ultrasound the
ability not only to image in real time but also to display much
other information. The purpose of this study was to evaluate
parameters of 3-dimensional power Doppler (3DPD) ultra-
sound in differentiating of an endometrioma from other
hypoechogenic adnexal cysts.

2. Methods

This was a single-center, prospective study. Patients who
demonstrated an adnexal cyst with classic appearance of
endometrioma (round shape, homogeneous, and hypoecho-
genic) on 2D pelvic ultrasound were eligible for this study.
The inclusion of the cases was agreed on by two experienced
sonologists without any other clinical information. From
March through December 2006, 58 patients were included in
the study. The study was approved by the institution’s ethics
committee, and all patients gave oral consent.

The serum level of CA-125 was checked around 1 month
before the surgery. An additional 3D ultrasound evaluation
was preoperatively performed for the adnexal cyst. It was
carried out by one experienced gynecologist with the same
instrument and transvaginal probe (Voluson� 730; GE
Healthcare, Milwaukee, WI, USA). The power Doppler
characteristics applied were: normal color quality, Doppler
gain �5.0, low wall motion filter of 1 and pulse repetition
frequency of 0.6 kHz, grey scale gain 0, normal frequency and
OTI level, and focal zone 2. All women were examined with
the same sonographic presets. If the tumor’s diameter was
greater than 8 cm or the patient was a virgin, we performed
Fig. 1. It is difficult to differentiate these two adnexal cysts under conventional 2D

serous cystadenoma. 2D¼ 2-dimensional.
transabdominal ultrasound. The attenuation effect was avoided
by the appropriate ultrasound settings mentioned above.
Volume acquisition lasted less than 30 seconds. To avoid
breathing-related artifacts, the woman was asked to hold her
breath during volume acquisition. Cyst volumes were esti-
mated by manually tracing the surface geometry with the
procedure of virtual organ computer-aided analysis (VOCAL)
imaging technique (GE Healthcare). The volume of interest
was based on a semiautomated algorithm that defined
geometric surfaces using six rotational steps of 30� each.
Rotational cyst contours were manually traced at 30� intervals
until completion of a 180� sweeps (Fig. 2).

Automatic acquisition of the volume, mean grey value
(MGV), and 3DPD indices for the adnexal cyst were obtained.
The MGV represents quantification of the echogenicity of the
adnexal cyst. It is expressed as a percentage, with a minimum
value being 0 (least echogenic, darkest) and maximum value
being 100 (most echogenic, brightest). 3DPD indices included
the vascularization index (VI), the flow index (FI), and the
vascularization flow index (VFI), and was used as originally
described by Pairleitner et al.4 VI (0e100) represented the
amount of blood vessels shown as color areas in the adnexal
lesion. FI (0e100) measured the intensity of blood flow within
and near the lesion, indicating velocity of blood flow (a
brighter color reflecting a higher blood flow velocity). VFI
(0e100) represented the combination of the amount of blood
vessels and blood flow intensity.

After the surgery, the pathologic diagnoses were analyzed
with values of these parameters.
2.1. Statistical analysis
SPSS version 12.0 software (SPSS Inc., Chicago, IL, USA)
was used for data entry and analysis. The means of the param-
eters (serum level of CA-125, volume, MGV, VI, FI, VFI) were
compared between the group with histologically proven endo-
metriomas and the group with other histological diagnoses. All
differences between means were computed using t test. Statis-
tical analysis was also done using correlation coefficients to
evaluate the linear relationship between the CA-125 and the
volume of histologically proven endometriomas, between the
ultrasound. (A) Histologically proven endometrioma; (B) histologically proven



Fig. 2. The image taken from the 2D pelvic ultrasound shows, on the upper-left column, a classic-appearing endometrioma with diffuse low-level echoes. The

remaining three columns exhibit the procedures of automatic acquisition. Order: right-upper/ left-lower/ right-lower. 2D¼ 2-dimensional.
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CA-125 and theMGV, respectively. Two-sided significancewas
set at the 0.05 level.
Table 2

Histological types among Group 2
3. Results

We collected data from 58 patients (mean age, 37 years old;
ranging from 20 to 62 years of age) with adnexal cysts
impressed as endometriomas via sonography. All the cysts
displayed similar appearances with diffuse low-level internal
echoes in the visualization of 2D sonographic morphology. The
range of tumors’ diameters was between 32 mm and 108 mm.
After the surgery and pathologic diagnosis, there were 37
patients with endometriotic ovarian cysts and 21 patients with
other benign adnexal cysts (Table 2). Nomalignancy was noted.
There was no significant difference of mean age between the
two groups (Table 1). We might reveal a wider range of ages in
the group with other benign adnexal cysts, and most of
Table 1

General characteristics of patients

Characteristics Group 1 (n¼ 37) Group 2 (n¼ 21) p

Mean age, yr 35.97� 1.20 40.65� 2.51 0.142

Age range, yr 20e48 26e62

Mean parity 0.68� 0.17 1.35� 0.28 0.012

Data are presented as n or mean � stand error.

Group 1¼ histologically proven endometriotic ovarian cysts.

Group 2¼ other benign adnexal cysts.
reproductive age in the group with endometriotic ovarian cysts.
Comparing the two groups (endometriotic ovarian cysts vs.
other benign adnexal cysts), there were significant differences
in parity (Table 1), CA-125, and MGV (Table 3).Patients with
histologically proven endometriomas revealed significantly
lower MGV (14.8� 0.7) than those with other benign adnexal
cysts (17.17� 0.74, p¼ 0.038). As to VI, FI, VFI, therewere no
differences between the two groups (Table 3). The lesion
volumes were 118.34� 15.50 mL and 227.18� 47.46 mL in
the endometrioma group and other benign adnexal cyst group,
respectively. The p value was 0.041. We also analyzed the
relationship between the lesion volume and MGV, and the p
values were 0.127 and 0.353 in the endometrioma group and
other benign adnexal cyst group, respectively.
Histologic type Case number

Mucinous 5

Serous 3

Dermoid 4

Follicular 1

Corpus luteum 1

Tubo-ovarian cyst 1

Para-tubal cyst 1

Hydrosalpinx 5

Total 21

Group 2¼ other benign adnexal cysts.



Table 3

Comparison of parameters in 3DPD ultrasound and serum level of CA-125

between Group 1 (37 cases with histologically proven endometrioma) and

Group 2 (21 cases with other benign adnexal cysts)

Parameter Group 1 (n¼ 37) Group 2 (n¼ 21) p

Mean SE Mean SE

VIa 0.128 0.043 0.796 0.666 0.338

FIb 25.018 1.440 25.144 1.972 0.959

VFIc 0.034 0.011 0.209 0.171 0.330

MGVd 14.78 0.70 17.17 0.74 0.038

CA-125, U/mL 88.25 20.05 17.38 2.78 0.0001

Lesion volume, mL 118.34 15.50 227.18 47.46 0.041

a VI¼ vascularization index.
b FI¼ flow index.
c VFI¼ vascularization flow index.
d MGV¼mean grey value.

SE¼ standard error; 3DPD¼ 3-dimensional power Doppler.

Group 1¼ histologically proven endometriotic ovarian cysts.

Group 2¼ other benign adnexal cysts.
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In the group with histologically proven endometriotic cysts,
there was little correlation between CA-125 and the volume of
the cyst (r¼ 0.23, Fig. 3), nor between CA-125 and MGV
(r¼ 0.129, data not shown).
4. Discussion

The prevalence of endometriosis among asymptomatic
women ranges from 2% to 22%, whereas in women with
dysmenorrhea, pelvic pain, or infertility, the incidence of
endometriosis can go up to 90%.5 In our study, the parity of
the patients with histologically proven endometriomas was
significantly lower than that of the patients with other benign
adnexal cysts (Table 1). Also, they had higher probability of
Fig. 3. The graph shows little correlation between the volume of the endo-

metrioma and the serum level of CA-125 (r¼ 0.23).
abortion. However, surgical removal of endometriomas may
decrease the ovarian reserve and induce adhesion, which
worsens infertility. Overall, laparoscopic cystectomy for
endometriomas before in vitro fertilization (IVF) does not
offer any additional benefit in terms of fertility outcomes.6 For
infertile women before IVF, therefore, Garcia-Velasco and
Somigliana recommended that an endometrioma over 4 or
even 5 cm does not require surgery in asymptomatic patients if
all healthy growing follicles may be reached without
damaging the endometrioma.6 In addition, prolonged treat-
ment with a GnRH agonist before IVF should be considered in
patients with moderateesevere endometriosis to improve
pregnancy rates.7 It is thus important to accurately diagnose
endometriomas without using surgery.

Guerriero et al. reported the sensitivity and specificity of
endovaginal ultrasound in differentiating endometriomas
from other ovarian cysts to be 83% and 89%, respectively.8

Patel et al. showed sonographic appearances with diffuse
low-level echoes in 95% of endometriomas in a retrospective
review.1 A prospective study by Dogan et al. determined the
positive predictive value of sonography in the diagnosis of
surgically proven endometriomas to be 91.5% overall and
97% for classic-appearing endometriomas (round shape and
homogeneous low-level internal echoes).9 Various methods
have been proposed to increase the accuracy in the sono-
graphic diagnosis of endometriomas, such as hyperechoic
foci,1 and absent acoustic streaming10; however, there are still
limitations despite the improved methods. Also, conventional
2D ultrasonography is well known to be operator-dependent.
3D ultrasonography, a relatively new imaging modality,
permits improved quantification of sonographic features of the
interest including its volume, echogenicity, and blood flow.
Our study aimed to find a more objective method with quan-
titative measurements by 3D ultrasonography to diagnose
endometriomas.

We found no differences inVI, FI, andVFI between the group
with histologically proven endometriomas and the group with
other adnexal cysts, which was compatible with the result of no
malignant pathology that frequently manifests increased
vasculature and blood flow. Previous studies of color flow
Doppler ultrasound have also shown no improvement in the
diagnosis of endometriomas.11

Via conventional 2D sonography, we usually identify an
adnexal cyst with diffuse internal low-level echoes as an
endometrioma. Depending on the amount and organization of
an internal clot, however, endometriomas may have a spectrum
of sonographic appearances.2 In the group with other benign
adnexal cysts, even with various histological types (Table 2),
the MGV range of the group was not as wide as that of the
group with histologically proven endometriomas. This
phenomenon showed how great is the diversity of echogenicity
that various degrees of coagulation and blood amount can
make. Classically, fresh blood is anechoic. In subacute stages,
when a clot forms, it becomes echogenic.12 Directly perceived
through the apparent nature of the clotted blood, we originally
hypothesized the MGV to be higher in endometriomas than in
other hypoechogenic benign adnexal cysts. The result,
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however, conflicts with this stereotypical perception, but we
will return to the possible causes of this conflict after a litera-
ture review regarding MGV.

In estimating the MGV, we assess the echogenicity of the
structure objectively and quantitatively. The concept of quan-
titative evaluation of the echogenicity has actually been applied
in many areas, such as thyroid glands,13 carotid plaques,14,15

and perianal Crohn’s disease.16 In an obstetric study in the
evaluation of the placenta, MGV was similar in placentas of all
women regardless of maternal age and parity.17 In the field of
reproductive endocrinology, the polycystic ovaries were of
significantly lower MGV (less echogenic) in Chinese women
compared with the polycystic ovaries of a Caucasian cohort,
which was explained with the hypothesis that the thecal cells in
the ovarian stroma of Caucasian patients with PCOS produce
more excessive androgen, undergo hypertrophy, and therefore
become more echogenic.18

In autoimmune thyroid diseases, lymphocytic infiltration
and disruption of tissue architecture cause a reduction in
thyroid echogenicity,19,20 and a stronger inflammatory process
is seen in higher grades of hypoechogenicity.21 In regards to
endometriosis, in spite of a common pathologic condition, an
in-depth understanding of the pathophysiology of endome-
triosis is still elusive. Through decades of research, it has been
suggested that there are multiple mechanisms, including an
inflammatory process involving macrophages, several growth
factors, cytokines,22 thrombin,23 and a circle of tissue injury
and repair.24 Despite not being a malignant disorder, endo-
metriosis exhibits cellular proliferation, cellular invasion, and
occasionally neoangiogenesis.25 It may be the mechanisms
listed above that contribute to lower MGV of an endome-
trioma. In our study, we noticed different MGV and lesion
volume in the two groups which reminded us that the MGV
might change with lesion volumes. In fact, the MGV values
were constant regardless of lesion volume in both groups. We
might conclude that MGV could faithfully present the cystic
texture of both groups, no matter what the volume is. Unfor-
tunately, we could not calculate the cut-off values of MGV
because of the small sample size, and it seems that the most
MGV in both groups were overlapping. Even so, it is still an
innovative method to differentiate endometrioma and other
benign adnexal cysts.

In our study, the serum level of CA-125 was significantly
higher in the group with histologically proven endometriomas.
However, the minimal serum CA-125 contained in this group
was 11.68 U/mL (data not shown), which reminds us that
a serum level of CA-125 within normal range doesn’t exclude
endometriosis. On the other hand, the maximal serum CA-125
contained in the group with other benign adnexal cysts was
53.06 (data not shown), which showed that a higher-than-
normal serum level of CA-125 may still be correlated with
a condition other than endometriosis and malignancy.

Our initial hypothesis was that CA-125 should be positively
linearly correlated to the volume of the endometrioma. On the
other hand, presuming that the lower MGV correlated with
a stronger inflammatory process, we supposed that there would
be a negative correlation between MGVand CA-125. However,
there were no significant correlations noted in our study.
CA-125 is mainly derived from the endometrium and the irri-
tated peritoneum. It might be the area of the surface of the
endometrioma in contact with the peritoneum (but not the
volume or the inflamed contents) that accounts for the elevation
of serum CA-125. Some other factors should also be taken into
consideration, such as combination with adenomyosis, pelvic
inflammatory disease or adhesion, the timing of testing (which
phase of the menstrual cycle), etc.

MGV analysis allows an objective and quantitative evalua-
tion for endometriomas’ echogenicity to distinguish them from
other benign adnexal cysts in an ambiguous condition. This
method might exclude a subjective component of evaluation,
thereby improving the diagnostic reliability of ultrasound
examination. It is automatic and easily reproducible, and
removes observer variability. Nevertheless, we must be aware
that the reproducibility of data is dependent strictly on stan-
dardization of operating conditions, as the reference normal
echogenicity could change in relation to different ultrasound
equipment settings.

We consider our findings only preliminary in the sense that
the results are evidence of the general feasibility of the method
itself. Further studies are needed to demonstrate a range or the
cut-off value of MGV to differentiate an endometrioma from
other benign adnexal cysts.

In conclusion, for infertile patients before IVF and
asymptomatic patients who hesitate to receive surgical inter-
vention for pathological diagnosis, MGV might be useful in
differential of homogeneous hypoechogenic adnexal cysts.
This is a novel method to discriminate an endometrioma from
other hypoechogenic adnexal cysts, and its application in
different areas might be pursued via further studies.
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