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Abstract

Purpose of Review Ultrasound of gynecologic diseases has
evolved with growing understanding of disease patho-
physiology and technical advancements. We review recent
literature and summarize relevant changes in practice
guidelines for evaluation of endometrial thickening, ovar-
ian masses, and polycystic ovarian syndrome.

Recent Findings Endometrial thickening can be a sign of
endometrial cancer, but normal thickness varies greatly by
menstrual state and medication use. Endometrial thickness
should raise suspicion at cut-offs of > 5 mm by SRU
and > 4 mm by ACOG guidelines for symptomatic post-
menopausal women and > 11 mm for asymptomatic
postmenopausal women, but is less useful in the pre-
menopausal state or with tamoxifen use. It is now under-
stood that simple ovarian cysts are widely prevalent with a
very low likelihood of malignancy, and follow-up and
treatment guidelines have been revised. The recently pro-
posed Ovarian-Adnexal Reporting and Data System pro-
vides consistent terminology and management guidelines
for additional ovarian masses. Polycystic ovarian syndrome
diagnosis includes imaging and clinical criteria, with
imaging findings requiring > 20 follicles per ovary and/or
ovarian volume > 10 mL without presence of corpora
lutea, cysts, or dominant follicles.

Summary This review provides updates of recent changes
in female pelvic ultrasound imaging, and we hope it will
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aid radiologists in accurate diagnosis and management of
gynecologic diseases.
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Introduction

Gynecologic disease is a source of significant morbidity
and mortality in women, with 9% of estimated female
cancer deaths in the United States in 2016 due to uterine or
ovarian malignancies [1]. Management of these diseases is
constantly evolving with growing understanding of disease
etiologies and improvements in diagnosis and treatment.
Imaging guidelines naturally change to reflect these
advancements, and up-to-date knowledge of these changes
is important for radiologists. This work provides a review
of the newest characterization and management guidelines
for ultrasound (US) evaluation of the endometrial stripe,
ovarian masses, and polycystic ovarian syndrome.

Endometrial Stripe
Normal Endometrial Stripe

Ultrasound is the usually the first imaging modality used
for evaluation of the endometrial stripe. A high-frequency
dedicated transvaginal probe should be utilized with a
small field-of-view. Measurement of endometrial stripe
thickness (ET) is taken as the anterior—posterior dimension
of the endometrial stripe on a long-axis image of the uterus.
Fluid present in the endometrial cavity is subtracted from
the ET measurement [2—+4]. Review of cine clips of the
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endometrium in long-axis view may improve detection of
subtle endometrial pathology and determination of exten-
sion of pathology into the myometrium.

The appearance of the endometrial stripe varies greatly
with hormone influence, and an understanding of the
changes with menstrual state is necessary for accurate
assessment. The average menstrual cycle lasts 28 days,
with ovulation occurring at day 14. This can be viewed as
the ovarian cycle (follicular phase, ovulation, luteal phase)
or as the uterine cycle (menses, proliferative phase, ovu-
lation, secretory phase). The follicular/proliferative phase
length varies by the length of the menstrual cycle, while the
luteal/secretory phase is typically stable at 14 days [5, 6].

Based on the average 28 day cycle, the follicular phase
starts at the first day of menstruation (day 0) and lasts until
ovulation (day 14) [5]. In the follicular phase, follicle-
stimulating hormone (FSH) increases and results in growth
of several follicles from each ovary, with typically one
dominant follicle reaching maturity and undergoing ovu-
lation. A luteinizing hormone (LH) surge occurs at the end
of the follicular phase marking the beginning of ovulation
[5]. In the early proliferative phase of the uterine cycle
(days 4-7), the endometrium is linear, echogenic, and thin
(Fig. 1a). By the late proliferative phase (days 11-14), the
endometrium develops a thick trilaminar structure with a
thin echogenic inner line and outer basilar layers and a
hypoechoic central rim (Fig. 1b) [6]. The endometrial
stripe thickness increases in the proliferative phase, with
one study showing the average ET increasing from 5.4 mm
after menstruation (days 7-8) to 9.2 mm in the late pro-
liferative phase (days 13-14) [7].

After ovulation, the luteal/secretory phase is character-
ized by the presence of a corpus luteum, which secretes
progesterone and prepares the endometrium for potential
implantation by a fertilized ovum. The peak vasculariza-
tion and function of the corpus luteum occurs 8-9 days
after ovulation and afterwards declines [6]. In this phase,
the endometrium obtains a thick, homogeneous, and
hyperechoic appearance (Fig. 1c). The endometrial stripe
continues to increase in thickness, to an average of
11.1 mm on day 18, with a 90™ percentile average mea-
surement of 17.4 mm [7].

The endometrium decreases in thickness after meno-
pause, which is typically defined as the absence of menses
for > 1 year or a FSH serum level of > 40 IU/L [8, 9]. In
a study including 201 premenopausal and 133 post-
menopausal asymptomatic women, the median ET
decreased from 4.8 to 2.8 mm from pre to post-menopause,
respectively [10].
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Fig. 1 Endometrium changes with menstrual cycle. Sagittal ultra-
sound image of the uterus in the a early proliferative phase shows a
thin, linear, echogenic endometrial stripe. The endometrium thickens
with the b late proliferative phase, which has a characteristic
trilaminar composition. Continued endometrial thickening occurs in
the ¢ secretory phase, with a homogenous hyperechoic appearance

Endometrial Cancer

Endometrial cancer (EC) is the most common gynecologic
malignancy in developed countries and is increasing in
incidence due to its association with obesity and unopposed
estrogen [1, 2]. Vaginal bleeding is the primary presenting
symptom in 90% of postmenopausal women with EC [4].
While EC usually occurs after menopause, 20-25% of
cases are in premenopausal women [1, 2].
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Ultrasound is usually the first imaging modality used to
evaluate abnormal uterine bleeding, of which EC is the
most concerning etiology. Common benign structural
causes of bleeding are first excluded, such as endometrial
polyps, adenomyosis, leiomyomas, and endometrial
hyperplasia [11]. Abnormal thickness of the endometrial
stripe is a key suspicious finding for EC (Fig. 2); this has a
complex dependence on the menstrual state, and cut-off
values for worrisome findings are subsequently discussed
below. Additional ultrasound abnormalities associated with
EC include irregular endomyometrial junction, nonuniform
echogenicity, and increased vascularity [12]. When suspi-
cious findings are present on ultrasound, endometrial
biopsy is necessary for confirmation [13].

The FIGO (International Federation of Gynecology and
Obstetrics) system is used for EC staging [2]. While MRI is
superior for staging of local disease and CT and PET/CT
are used to assess metastatic disease, many findings may
also be seen on ultrasound. In Stage 1 disease, FIGO 1A
involves < 50% of the myometrium and FIGO 1B
involves > 50% (a marker of potential lymphovascular
invasion and nodal metastases). Myometrial invasion on
ultrasound is visualized as iso- or hyperechoic tissue
compared to the surrounding myometrium, and can
sometimes only be visualized as an irregular endomy-
ometrial junction; subjective assessment of myometrial
invasion on ultrasound has a sensitivity of 77% compared
to 87% on MRI [2]. In Stage 2 disease, FIGO 2A is
involvement of the cervix while 2B is disruption of the
cervical stroma. Iso- or hyperechoic endometrial thicken-
ing of the cervical canal is suggestive of cervical
involvement on ultrasound, although stages 2A and 2B are
difficult to separate [2]. Stage 3 is characterized by tumor
extension beyond the uterus but not outside of the pelvis.
Ultrasound has been shown to be useful in detection of

Fig. 2 Endometrial cancer. Sagittal ultrasound image of the uterus
shows a thickened 2.4 cm heterogenous endometrium with irregular
endomyometrial junction in this patient with endometrioid type
endometrial cancer

metastases to the ovaries, with sensitivity of 84-91% and
specificity of 94-100% [2]. Stage 4 disease is invasion of
the mucosa of the rectum or bladder (4A) or distant
metastases (4B) [2].

Endometrial Stripe in Symptomatic Postmenopausal
Women

Postmenopausal women with vaginal bleeding are the
highest risk group to have EC, and assessment of ET in this
population has been well-studied. A large meta-analysis
including 5892 postmenopausal women with vaginal
bleeding found that an ET cut-off of 5 mm yielded
abnormal results in 96% of patients with cancer; normal
results conferred a cancer risk of only 1% [14]. Another
meta-analysis of 2896 symptomatic postmenopausal
women showed a sensitivity of 90.3% with ET of 5 mm,
but a sensitivity of 97.9% with an ET of 3 mm, suggesting
a 3 mm cut-off may be appropriate [15]. A recent retro-
spective analysis of 254 symptomatic women found that all
ET cut-off values with sensitivity rates > 90% had a false
positive rate of > 70%, emphasizing the importance of
histological evaluation in any woman with postmenopausal
bleeding [16]. A very recent large meta-analysis including
17,339 women with postmenopausal bleeding found that an
ET cut-off of > 5 mm had a sensitivity of 96.2% and
specificity of 51.5%, which had a similar sensitivity and
improved specificity compared to using a cut-off of
3-4 mm, suggesting that 5 mm was an acceptable com-
promise between sensitivity and specificity [17].

In agreement with many of the large research studies,
the 2001 Society of Radiologists in Ultrasound (SRU)
consensus statement regards ET > 5 mm as abnormal [18].
More recently, the American College of Obstetricians and
Gynecologists (ACOG) in 2018 recommended using a cut-
off of <4 mm to signify normal results. Since type 2
endometrial carcinomas (uterine papillary serous, muci-
nous, and clear cell) may not have endometrial thickening,
persistent or recurrent bleeding still warrants histologic
evaluation. Also, failure to identify a thin, distinct
endometrial stripe should trigger further work-up [+*4].

Ultrasound findings in addition to endometrial thickness
may improve EC detection. A prospective study of 1714
women with biopsy-proven EC found that high-risk tumors
compared to low-risk tumors were more likely to be larger
and have heterogeneous echotexture, irregular endomy-
ometrial junction, and moderate or high vascularity [12].
Dueholm et al. used a quantitative risk of EC (REC) score
combining endometrial thickness and additional parame-
ters (e.g., body mass index (BMI), vascularity, interrupted
endomyometrial junction, irregular endometrial outline).
They found that the REC score could be used to risk
stratify patients with ET > 4 mm into low, intermediate,
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and high probability groups for cancer. A score indicating
high probability of malignancy has a predicted sensitivity
of 92% and specificity of 94% [19].

Endometrial Stripe in Asymptomatic
Postmenopausal Women

Assessment of the endometrial stripe in asymptomatic
postmenopausal women may potentially be useful to detect
EC prior to development of symptoms and at early disease
stage. The majority of studies have indicated that 11 mm is
an appropriate ET cut-off in this group. In one study using
a theoretical cohort of asymptomatic postmenopausal
women, the risk of cancer was calculated to be 6.7% with
ET > 11 mm, and 0.002% if ET < 11 mm, suggesting
11 mm is a reasonable cut-off [20]. Similarly, a nested
case—control study found that using ET > 10 mm in
asymptomatic postmenopausal women yielded a 5.9% risk
of EC [3], and a meta-analysis including 4751 asymp-
tomatic postmenopausal women found that the risk of EC/
endometrial hyperplasia with atypia was 2.6 times greater
in women with ET > 11 mm versus ET 5-10 mm [21]. A
recent large prospective study with a final cohort of 900
asymptomatic postmenopausal women found that ET >
11 mm conferred a risk of EC & hyperplasia with atypia
of 6.7-7.9% [13]. Compatible with these findings, ACOG
does not recommend further evaluation for an ET > 4 mm
incidentally found in asymptomatic postmenopausal
women; further, they do not recommend transvaginal
ultrasound (TVS) screening for EC in asymptomatic post-
menopausal women [**4].

Endometrial Stripe in Premenopausal Women

Evaluation for EC in premenopausal women is complex
given the relatively low incidence compared to post-
menopausal women and the normal variability of
endometrial thickness with menstrual phase. Multiple
studies have addressed the use of TVS for EC screening in
premenopausal women. A study including 217 asymp-
tomatic premenopausal women showed that an ET of
5.2 mm had a NPV of 99% and PPV of 10% for focal
intrauterine pathology, of which only a small subset was
EC [10]. A cross-sectional study of 78 symptomatic pre-
menopausal women found that an ET cut-off of 19 mm had
a sensitivity of 80% and specificity of 72% for EC [22]. A
large retrospective study including 9888 pre- and peri-
menopausal women found that a thickened endometrium
was not associated with endometrial hyperplasia or cancer
[8]. Overall, these works indicate that while a normal
endometrial stripe effectively excludes uterine pathology, a
thickened endometrial stripe is not specific, and TVS
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should not be used for EC screening in the premenopausal
population.

In symptomatic premenopausal women, we suggest
correlation of the endometrial appearance with the pro-
vided last menstrual period. If the appearance is inconsis-
tent, further evaluation with a sonohysterogram may be
beneficial. If the appearance is compatible with the secre-
tory phase, repeat imaging in the early proliferative phase
may be useful to exclude pathologies such as an endome-
trial polyp, which may not be visible in the secretory phase.

Endometrial Stripe with Tamoxifen Use

Tamoxifen is commonly used for breast cancer treatment.
While it has an anti-estrogenic effect on breast tissue, it
also has an estrogenic effect on the endometrium that can
lead to development of endometrial polyps, endometrial
hyperplasia, fibroids, adenomyosis, and an increased risk of
EC [23, 24]. Tamoxifen characteristically causes endome-
trial proliferation and thickening and subendometrial cysts
(Fig. 3), which can complicate evaluation for EC on
ultrasound [25].

Studies have repeatedly demonstrated changes in the
endometrial stripe with tamoxifen use. In a case—control
study including 247 postmenopausal women on tamoxifen
and 98 controls, the mean ET increased from 3.5 to 9.2 mm
after 3 years of tamoxifen use, which was significantly
thicker than the control group. After stopping tamoxifen for
6—12 months, the mean ET decreased to 5.0 mm but
remained significantly thicker than the baseline value.
They found using an ET cut-off of 10 mm had a high false
positive rate so endometrial screening by TVS was poor in
tamoxifen treated patients [26]. A prospective study in 138
asymptomatic postmenopausal women receiving tamoxifen
found that using ET > 6 mm had a sensitivity of 85.1% but
a low specificity of 55.7% for endometrial abnormalities
such as polyps and submucosal fibroids, noting that no

Fig. 3 Tamoxifen effect on endometrium. Sagittal ultrasound image
of the uterus shows a thickened 8 mm endometrium with suben-
dometrial cysts in a 57-year-old woman on tamoxifen treatment
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cases of EC were found [24]. One retrospective study
assessed 207 patients on tamoxifen or anastrozole (an
aromatase inhibitor). They found that ET increased in
proportion to duration of tamoxifen treatment (pre-
menopausal ET 3.72-5.50 mm in 3 years and post-
menopausal ET 3.45-5.33 mm) but did not increase with
anastrozole. Endometrial biopsy was performed for ET >
5 mm, and no cases of EC were found [9]. The difficulty
of distinguishing benign tamoxifen-induced changes from
EC has led to the idea that ultrasound should only be used
in patients on tamoxifen in the setting of abnormal uterine
bleeding, and that the “only value of TVS is a normal
finding” [27].

Endometrial Stripe Summary

* Symptomatic postmenopausal women with an ET > 5
mm on ultrasound need further work-up per SRU
guidelines. To achieve a higher negative predictive
value, ET > 4 mm may be applied according to ACOG
recommendations.

* Asymptomatic postmenopausal women should not
undergo ultrasound screening for endometrial cancer.
If an ET > 11 mm is incidentally found, tissue sam-
pling may be considered.

* In the premenopausal state and with Tamoxifen use, a
normal endometrial stripe on ultrasound is reassuring,
but a thickened endometrium is not specific.

Ovarian Masses
Simple Ovarian Cysts

Simple ovarian cysts are a common finding in female
pelvic ultrasound. With a growing understanding of high
prevalence of simple ovarian cysts and their low associa-
tion with malignancy, prior guidelines led to unnecessarily
high imaging utilization and overtreatment. In 2019, the
SRU issued a consensus update in response to these
developments [**28].

Simple Ovarian Cyst Definition

A simple ovarian cyst is defined as a round or oval fluid
collection without internal echoes, with thin and smooth
walls, no internal septations or solid component, and with
no internal blood flow detected by color Doppler imaging
(Fig. 4). The prior ultrasound finding of increased through
transmission is not always present with use of compound
imaging, so it is no longer a requirement [*¢28]. Ultrasound

images should include three orthogonal measurements,
with the largest measurement used to direct management
[++28].

Simple Ovarian Cyst Prevalence and Risk of Malignancy

Many studies have now shown high prevalence of simple
ovarian cysts with risk of malignancy similar to the overall
population risk. A nested case—control study including
72,093 women showed a high prevalence of simple ovarian
cysts, present in 23.8% of women < 50 years old and
13.4% of women > 50 years old. Patients with simple
cysts did not have a significantly increased risk of ovarian
cancer compared to those with normal ovaries [29]. Simi-
larly, another study showed simple cysts were present in
14% of a cohort of 15,735 women at the time of first
ultrasound. The risk of developing invasive ovarian cancer
in women with simple ovarian cysts (0.41%) and without
simple cysts (0.44%) was not significantly different
(»p = 0.85) [30]. An autopsy study including 104 adnexa
from 52 postmenopausal women found that 54% had
adnexal cysts, leading to the conclusion that adnexal
cysts < 5cm were “so common in postmenopausal
women that their presence may be regarded as normal
[31].” Furthermore, there is a growing understanding that
the most common type of epithelial ovarian cancer, serous
cystadenocarcinomas, arises from lesions in the distal fal-
lopian tubes and not from the ovary [32].

Reporting and Follow-Up

With the high prevalence of simple ovarian cysts in both
pre- and postmenopausal women and low accompanying

Fig. 4 Simple ovarian cyst. Ultrasound image of the ovary shows a
simple cyst characterized by a 4.8 cm anechoic fluid collection with
thin, smooth walls, and no internal solid component or septation. No
internal blood flow was present on color Doppler images (not shown)
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risk of malignancy, it is important to offer accurate diag-
noses and appropriate follow-up recommendations when
indicated to reduce overtreatment and potential harm.
Over-utilization of imaging follow-up can lead to increased
patient anxiety, detection of incidental lesions, and
increased surgical intervention [**28]. Surgery for benign
adnexal lesions has been shown to result in complications
in 8-15% of patients in screening trials [33].

The SRU 2019 consensus statement recommends the
following documentation and follow-up of ovarian cysts
for patients of average risk [**28]:

* Postmenopausal: < 1 cm is normal, > 1 cmto < 3 cm
(< 5 cm for superior visualization) is described to
document with no follow-up, >3 cm (>5cm for
superior visualization) needs follow-up

* Premenopausal: < 3 cm is normal, >3 cm to < 5 cm
(<7 cm for superior visualization) is described to
document with no follow-up, >5cm (> 7 cm for
superior visualization) needs follow-up

* Follow-up imaging timing:

* Initial: 2-6 months for early determination or better
characterization, 6-12 months otherwise

* Additional follow-up: annual for total of 2 years

* Follow-up outcomes:

* Decrease (> 10-15% average linear dimension) or
stable in size, no further follow-up (benign or non-
neoplastic)

* Increase (> 10-15% largest diameter) in size, likely
benign enlarging neoplasm, clinical management

» New features which are not simple warrant charac-
terization (O-RADS below) and gynecology—oncol-
ogy consult as appropriate

Ovarian-Adnexal Reporting and Data System (O-
RADS)

It is important to have standardized descriptors and con-
sistent reporting for accurate diagnosis of ovarian masses
and to optimize patient outcomes. Several algorithms have
been proposed for the evaluation and risk stratification of
ovarian masses. The International Ovarian Tumor Analysis
(IOTA) group consensus opinion in 2000 developed defi-
nitions and measurement procedures for intended use in
ovarian mass research studies [34]. This led to the devel-
opment of ten “simple rules” to classify benign and
malignant ovarian masses [35]. These rules were assessed
in a prospective trial including 1938 women with adnexal
masses and yielded conclusive results in 77% of cases
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(sensitivity 92%, specificity 96%); however, inconclusive
results needed further evaluation such as by an expert
ultrasound examiner [36]. This was further developed in a
prospective cohort study that assessed use of the IOTA-
ADNEX model incorporating three clinical and six ultra-
sound predictors developed using 3506 patients and vali-
dated on 2403 patients. This model resulted in an area
under the receiver operating characteristic curve of 0.94 to
distinguish benign from malignant tumors [37]; while this
model has been utilized in Europe, adoption in the United
States and Canada has been limited [**38], possibly related
to the countries of origin and complexity of application. In
2008, Gynecologic Imaging Reporting and Data System
was developed and applied to 187 adnexal masses with
92% sensitivity and 97% specificity [39]. The 2010 Society
of Radiologists in Ultrasound Consensus Statement also
gave ovarian mass characterization and management
guidelines [40]. These latter two systems, however, are not
inclusive of all lesions.

Many ovarian mass classification and management
systems have been developed but suffered from lack of
universal adoption or management of lesions of all risk
categories. To address these shortcomings, the American
College of Radiology developed the Ovarian-Adnexal
Reporting and Data System (O-RADS) US lexicon in 2018
and risk stratification and management system in 2020
applicable for the average risk patient. The following is a
summary of O-RADS, with full details found in the orig-
inal comprehensive publications [**38, **41].

O-RADS Lexicon

There are six categories of ovarian masses in the O-RADS
lexicon [**38, *41]:

1. Major categories:

a. Physiologic: follicle,
luteum

b. Lesion (not physiologic): unilocular, no solid
component; unilocular with solid component;
multilocular cyst, no solid component; multilocu-
lar cyst with solid component; solid or solid-

appearing (> 80%).

premenopausal corpus

2. Size: maximum diameter in any plane
3. Solid or solid-appearing lesions:

a. External contour: smooth/irregular (lobulated is
irregular)
b. Internal contents: acoustic shadowing

4. Cystic lesions:
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Fig.5 Corpus Luteum. Ultrasound image shows a thick-walled cystic
structure in the ovary with peripheral vascularity and no internal
blood flow on power Doppler images, compatible with a physiologic
corpus luteum

a. Inner margin or walls including solid component:
papillary projection or nodule (> 3 mm), smooth,
irregular, anechoic, hyperechoic

5. Vascularity: color score (CS) (1 = no flow, 2 = min-
imal flow, 3 = moderate flow, 4 = very strong flow)

6. General and extra-ovarian findings: benign findings
(paraovarian cyst, peritoneal inclusion cyst, fallopian
tube), cul-de-sac fluid, ascites, peritoneal thickening,
or nodules

O-RADS Benign Lesions

O-RADS provides descriptors and management for a
number of classic benign entities. A corpus luteum is
characterized by an anechoic center with a smooth, thick
soft tissue rim, and peripheral vascularity (Fig. 5), but may
also have an irregular wall or central hemorrhage. Corpora
lutea are normal physiologic structures that do not require
follow-up [**38]. Paraovarian and paratubal simple cysts
are separate from the adnexa and originate from the
Wolffian or Mullerian ducts or peritoneal mesothelial lin-
ing (Fig. 6) [*+28]. Several studies have shown that simple
paraovarian and paratubal simple cysts have a very low
chance of malignancy [42, 43], and optional 1-year follow-
up imaging may be considered for postmenopausal women
[+38]. A peritoneal inclusion cyst may have septations,
follows the contour of adjacent structures, does not have
mass effect, and contains the suspended ovary. A hydros-
alpinx is tubular, has incomplete septations, and demon-
strates endosalpingeal folds (Fig. 7). Both the peritoneal
inclusion cyst and hydrosalpinx are managed by gynecol-
ogists without follow-up imaging required [**38]. A classic
hemorrhagic cyst has a reticular pattern or retracting clot

characterized by angular, concave, or straight margins
(Fig. 8). In the premenopausal state, a hemorrhagic cyst
< 5 cm does not require follow-up, but one > 5 cm to <
10 cm should have an 8-12-week follow-up with referral
to an US specialist, gynecologist, or MRI for persistence or
enlargement; in the postmenopausal state, detection of a
hemorrhagic cyst also necessitates referral [*¢38]. Of note,
an US specialist is often referred to but not defined by
O-RADS, a potential weakness of the system. A typical
dermoid may be characterized by echogenic shadowing
components, echogenic lines and dots, and floating echo-
genic spherical contents (Fig. 9). A typical endometrioma
has homogeneous low-level internal echoes (Fig. 10). Both
dermoids and endometriomas in the premenopausal state
may be evaluated by an optional 8-12-week follow-up
based on confidence of diagnosis, annual US surveillance if
not surgically removed, and referral to an US specialist or
MRI for concerning findings (enlargement, changing
morphology, new vascular component). In the post-
menopausal state, evaluation by an US specialist, gyne-
cologist, or MRI is first recommended, with annual US
follow-up if not removed surgically, and MRI follow-up
for concerning findings [+*38].

O-RADS Risk Classification and Management

There are six O-RADS risk categories [**38]:
* O-RADS 0: incomplete evaluation

* Requires a repeat or different study

* O-RADS 1: normal ovary

* No follow-up

Fig. 6 Paraovarian simple cyst. Ultrasound image of the adnexa
shows a paraovarian simple cyst, which is separate from the ovary
(“O”). It does not have internal color Doppler flow (not shown)
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Fig. 7 Hydrosalpinx. Ultrasound image of the adnexa shows an
anechoic tubular structure (“H”) with endosalpingeal folds (white
arrow) separate from the ovary (“O”) compatible with a hydrosalpinx

Fig. 9 Dermoid. Ultrasound image of a dermoid shows an echogenic
shadowing component (“*”) and echogenic lines and dots (white
arrow)

Fig. 8 Hemorrhagic Cyst. Ultrasound image of a hemorrhagic cyst
shows retractile clot with angular and concave margins and internal
reticular pattern

Fig. 10 Endometrioma. Ultrasound image of a typical endometrioma
with homogeneous low-level internal echoes. No internal Doppler
flow is present (not shown)

* O-RADS 2: almost certainly benign (< 1% risk)

« Simple cysts < 10 cm, see simple ovarian cysts * =3cm: In the postmenopausal state, perform
section 1-year follow-up, with consideration for MRI or

* Benign lesions, see O-RADS benign lesions section US specialist if concerning.

. . . . * >3 cmto < 10 cm: In the premenopausal state,
* Non-simple unilocular cyst with smooth inner

perform 8-12-week follow-up and/or US spe-
cialist. In the postmenopausal state, refer to US

specialist or MRI.

margin
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« O-RADS 3: low risk (1-< 10%) (Fig. 11)

* Evaluation by an US specialist or MRI, and man-
aged by a gynecologist

* Dermoid cysts, endometriomas, or hemorrhagic
cysts > 10 cm

* Unilocular cyst: > 10 cm or with irregular inner
wall < 3 mm height

*  Multilocular cyst < 10 cm, smoother inner wall, CS
1-3

¢ Solid: smooth, CS 1

* O-RADS 4: intermediate risk (10-< 50%) (Fig. 12)

* Evaluation by an US specialist or MRI, and man-
aged by a gynecologist gynecologist-
oncologist

and/or
* Unilocular cyst: 0-3 papillary projections, any CS
*  Multilocular cyst:

* No solid component: > 10 cm, CS 1-3; CS 4;
irregular inner wall or septation, any CS
* Solid component: CS 1-2

* Solid: smooth, CS 2-3

*  O-RADS 5: high risk (> 50%) (Fig. 13)

» Management by gynecologist—oncologist

Fig. 11 O-RADS 3. Ultrasound image shows a multilocular cyst
measuring 18.0 cm with smooth inner walls, no solid component, and
no internal color Doppler flow. This was a serous cystadenofibroma
by pathology

* Unilocular cyst: > 4 papillary projections, CS any
*  Multilocular cyst: solid component, CS 3—4
* Solid: smooth, CS 4; irregular, CS any

* Ascites + peritoneal nodules

Polycystic Ovarian Syndrome

Polycystic ovary syndrome (PCOS) was originally descri-
bed and given the eponym “Stein—Leventhal syndrome” in
1935 when the authors identified an association among
dysmenorrhea, hirsutism, and polycystic ovaries [44]. Over
the years, there have been a number of papers that have
incorporated evolving research and provided diagnostic
and treatment guidelines for clinicians. The guidelines
reviewed here include the 1990 NIH Consensus Guideli-
nes, the 2003 European Society of Human Reproduction
and Embryology and the American Society for Reproduc-
tive Medicine Guidelines (also known as the Rotterdam
criteria), the 2009 Androgen Excess and PCOS Society
guidelines, the 2012 NIH acceptance of Rotterdam 2003
and most recently the 2018 International Evidence-based
Guideline for the Assessment and Management of PCOS
[44-47].

Fig. 12 O-RADS 4. Ultrasound image shows a multilocular cyst
measuring 8.3 cm with single 1.5 cm solid component with internal
Doppler blood flow. Pathology showed endometriosis with a
paratubal cyst, but no malignancy
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Fig. 13 O-RADS 5. Ultrasound image shows a multilocular cyst
measuring 11.1 cm with extensive solid components and color
Doppler flow. Pathology showed a high-grade serous carcinoma

Polycystic, technically polyfollicular, ovaries have been
associated with PCOS since the syndrome’s first descrip-
tion in 1935; however, polycystic ovarian morphology
(PCOM) was only added as a diagnostic criterion in 2003.
The subsequent guidelines for diagnosing PCOS have not
significantly differed from the original Rotterdam criteria;
however, the role of imaging and specific imaging criteria
of PCOM has changed over the years. The Rotterdam
consensus defined PCOS as meeting two out of the three
following diagnostic criteria: (1) ovulatory dysfunction
(oligo- or amenorrhea), (2) clinical and/or biochemical
hyperandrogenism, and (3) polycystic ovaries on ultra-
sound [46].

PCOS Clinical Context
Prevalence

PCOS is estimated to affect approximately 7-13% of the
global population, and up to 70% of affected women may
be undiagnosed [47-52]. PCOS can be difficult to diagnose
given its phenotypic variability. The Rotterdam criteria
address these variable presentations by requiring that
patients meet only two out of three diagnostic criteria,
thereby creating 4 PCOS phenotypes [46]. PCOS is
important to diagnose given its associated health risks,
medical implications, and impact on quality of life.

Pathophysiology

Hyperandrogenism and hyperinsulinism are implicated in
the pathogenesis of many PCOS features and associated
medical conditions [53]. PCOM results from androgen
related inhibition of follicle development and failure to
select a dominant follicle. Antral follicles measuring
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2-9 mm accumulate resulting in the classic PCOM [54].
Hyperandrogenism is in part due to an impaired hypotha-
lamic—pituitary—gonadal axis. Increased LH compared to
FSH results in increased gonadotrophin-releasing hormone,
which causes ovarian theca cells to overproduce and
secrete androgens [46]. Insulin works synergistically with
LH to secrete androgens from the ovary, as well as
inhibiting the hepatic synthesis of sex hormone binding
globulin, which ultimately leads to increased circulating
unbound testosterone [54-57].

Medical Implications

Short-term and long-term health implications include
increased risk of metabolic syndrome, increased
atherosclerotic burden for age, cardiovascular complica-
tions, endometrial hyperplasia and carcinoma, infertility,
and pregnancy complications [51, 58—64]. Approximately
30-70% of women with PCOS are obese (BMI > 30 kg/
m?) with a mean BMI in United States of 35-38 kg/m?>
[65]. Increased BMI likely exacerbates the clinical features
of PCOS including hyperinsulinemia [53]. Endometrial
hyperplasia and carcinoma are caused by unopposed
estrogen and absent progesterone-induced endometrial
inhibition and differentiation [60, 66]. PCOS is associated
with infertility due to anovulation, and PCOM even in the
absence of PCOS places patient at risk for ovarian hyper-
stimulation while undergoing assisted reproductive tech-
nology/ovulation induction [67].

PCOS Diagnostic Work-Up Diagnostic work-up for
PCOS includes testing for biochemical hyperandrogenism.
Recommended blood tests include free testosterone, cal-
culated bioavailable testosterone, and free androgen index.
Anti-Mullerian hormone is typically elevated with PCOS;
however, currently there is not enough evidence to rec-
ommend standardized use [**45]. The diagnosis of PCOS
should exclude other medical conditions including thyroid
dysfunction, hyperprolactinemia, Cushing disease, andro-
gen secreting tumor, and non-classical congenital adrenal
hyperplasia [68].

Role of Imaging Since PCOM was added as a diagnostic
criterion for PCOS in 2003, the specific imaging criteria for
PCOM has been continually updated reflecting advance-
ments in imaging and attempts to find a balance between
sensitivity and specificity of follicular thresholds. PCOM
alone is not enough to diagnose PCOS as approximately
23% of reproductive age women will have polycystic
ovaries on ultrasound, while only 5-10% of women will
have clinical features of PCOS [69, 70].
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Current Guidelines The 2018 international consensus
guidelines state that PCOM is defined as follicle number
per ovary (FNPO) > 20 and/or ovarian volume > 10 mL
in the absence of corpora lutea, cysts, or dominant follicles
[++45] (Fig. 14). PCOM can be diagnosed if either ovary
meets diagnostic criteria. Other features of PCOM that are
often present but not required for diagnosis include central
hyperechoic stroma, uniform size of follicles ranging from
2 to 9 mm, and peripheral follicles, often referred to as a
“string of pearls” [*45].

Changes from Prior Guidelines The Rotterdam consen-
sus (2003) defined PCOM as FNPO > 12 with follicles
measuring 2-9 mm and ovarian volume > 10 mL [46].
The Rotterdam consensus was a paradigm shift from prior
literature that defined PCOM based on size and number of
follicles within a single ultrasound plane (follicle number
per section, FNPS). Prior to the Rotterdam consensus,
PCOM was defined as FNPS > 10, with follicles located
peripherally around central echogenic stroma [71].

The 2018 guidelines use a higher FNPO threshold
compared to 2009 guidelines and a lower FNPO threshold
compared to the 2013 guidelines: 20, 12, and 26, respec-
tively. The 2013 guideline attempted to increase specificity
of PCOM taking into account advanced ultrasound tech-
nology and the ability to use a grid system to count folli-
cles; however, the FNPO of 26 was only 85% sensitive,
while being 94% specific [72, 73].

Threshold ovarian volume of > 10 mL has remained
the same since the 2003 Rotterdam consensus; however,
some studies suggest implementing a higher threshold to
increase the specificity [54, 74, 75].

Ultrasound Specifics The 2018 consensus recommends
using a high-frequency 8 MHz transducer and obtaining

Fig. 14 Polycystic Ovarian Syndrome. Ultrasound images of a
30-year-old women with secondary amenorrhea show polycystic
ovarian morphology of her left (“LT”) and right (“RT”) ovaries, with
hyperechoic ovarian stroma, subcentimeter peripheral follicles, and
enlarged ovarian volumes of 12.3 mL on the left and 12.5 mL on the
right

TVS when possible. If using older technology or only the
transabdominal approach, ovarian volume is the most
reliable predictor of PCOM, as FNPO is not typically
accurate [**45]. The minimum reporting standard suggested
includes last menstrual period, transducer frequency,
approach, FNPO measuring 2-9 mm, 3 dimensions and
volume of each ovary, endometrial thickness and appear-
ance, and other uterine or ovarian pathologies including
cysts, corpora lutea, and dominant follicles > 10 mm
[++45].

Calculation of ovarian volume is not discussed in the
2018 guidelines; however, prior radiology literature states
that volume should be calculated by using a simplified
formula for an ellipsoid (0.5 x length x width x thick-
ness of ovary) [74, 76-78].

Special Circumstances The 2018 guidelines address
diagnosing PCOS in adolescents and postmenopausal
women, which can be challenging due to changes in
ovarian function and morphology. Adolescents typically
have multi-follicular ovaries and postmenopausal patients
are by definition no longer ovulating.

PCOS in adolescents should be based on clinical fea-
tures of hyperandrogenism and/or ovulatory dysfunction
instead of ultrasound. Adolescents are defined as
females < 8 years post-menarche or < 20 years old if age
of menarche is unknown [**45]. Postmenopausal patients
can still be diagnosed with PCOS if dysmenorrhea,
hyperandrogenism, and/or PCOM were present during the
reproductive years. However, if a postmenopausal patient
is experiencing acute onset or worsening hyperandro-
genism, androgen secreting tumors and ovarian hyperthe-
cosis should be excluded [**45].

PCOM can be diagnosed on MRI even though it is not
typically a first-line screening tool. The same criteria
of > 20 FNPO and/or ovarian volume > 10 can be applied
to MRI. The follicles are T2 hyperintense and the ovarian
stroma is intermediate in T1 signal intensity compared to
myometrium [+*45].

PCOS Future

Due to the evolving criteria for diagnosing PCOM, some
radiologists have found it easier to simply report FNPO
rather than ascribing a diagnosis of PCOM. Therefore, it is
important to continually make revised criteria available in
the radiology literature and for radiologists to be included
in future consensus meetings. Radiologists will be required
to ensure sonographers are educated on meticulous follicle
counting, use of grid systems, and adequately calculating
ovarian volume.

As research and technologic innovations continue to
advance, there will likely be a continuing revision of
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threshold FNPO for diagnosing PCOM and possibly
determination of age-specific follicle and ovarian volume
thresholds. With increased use of assisted reproductive
technology, there may also be a need for ultrasound
monitoring when using gonadotrophins. Follicle counting
may also be an area with artificial intelligence algorithms
can be implemented in the future.

Conclusions

There have been many recent advancements in under-
standing and management of gynecologic disease and use
of ultrasound imaging. Assessment of the endometrium for
potential cancer relies heavily on measures of endometrial
thickness, of which the accepted cut-offs for suspicion vary
greatly by menstrual state and presence of symptoms.
Simple ovarian cysts are now known to be widely prevalent
with low likelihood of malignancy in the average risk
population, with a realization that the most common form
of ovarian cancer originates from the fallopian tube [32].
There has been concordant revision to follow-up and
treatment guidelines for simple ovarian cysts [**28]. The
recently proposed Ovarian-Adnexal Reporting and Data
System provides consistent terminology and management
guidelines for additional ovarian masses [**38, **41]. PCOS
imaging criteria have been updated a number of times to
balance the sensitivity and specificity of diagnosis. We
hope this review of recent guideline updates will aid
radiologists in accurate diagnosis and management of
gynecologic diseases.
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