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Adnexal Masses: Clinical
Application of Multiparametric
MR Imaging & O-RADS MRI
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Incidental adnexal masses considered indeterminate for malignancy are commonly observed
on ultrasonography. Multiparametric MRI is the imaging modality of choice for the evaluation of
sonographically indeterminate adnexal masses. Conventional MRI enables a confident patho-
logic diagnosis of various benign lesions due to accurate tissue characterization of fat, blood, fi-
brous tissue, and solid components. Additionally, functional imaging sequences, including per-
fusion- and diffusion-weighted imaging, improve the diagnostic efficacy of conventional MRI in
differentiating benign from malignant adnexal masses. The ovarian-adnexal reporting and data
system (O-RADS) MRI was recently designed to provide consistent interpretations in assigning risk
of malignancy to ovarian and other adnexal masses, and to provide a management recommen-
dation for each risk category. In this review, we describe the clinical application of multiparamet-
ric MRI for the evaluation of adnexal masses and introduce the O-RADS MRI risk stratification
system.

Index terms Ovarian Neoplasms; Magnetic Resonance Imaging; Diffusion Weighted MRI;
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BEY%, A (fat suppression) 718S 483 T1 A2 FA, 294 Fof & AFAA] T1
Az GAro| E]’(ZS)

A/ (sagittal), /¢ (axial), ¥ (coronal)2] THE ¥ (multiplanar) 1A ol 5 (fast spin-
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https://doi.org/10.3348/jksr.2021.0111 1067



XS RET| S0 M X713 S

o=l =

—_

. cHehodato|uty|x|

Table 1. Summary of Multiparametric MR Pulse Sequences for Adnexal Masses (11, 28)

MR Pulse Sequences

Key Image Features to Check

Multiplanar (sagittal, axial,
coronal) fast spin echo T2WI

Axial TIWI
Axial fat-suppressed T1WI

Precontrast- and dynamic
contrast-enhanced T1WI

Subtraction image

DWI (b =800-1000 sec/mm?)

1. Detection of normal ovaries or abnormal lesion

2. Localization of lesion (ovarian vs. extraovarian)

3. Characterization of lesion (cystic vs. solid)

4. Homogeneous dark Sl of solid tumor on T2WI (fibroma)

High Sl on T1WI (fat, hemorrhage, proteinaceous fluid, etc.)

- Signal suppression of high Sl on TIWI — macroscopic fat in teratoma

- Persistent high S| = endometrial cyst (homogeneous high on fat-suppressed TIWI and shading on
T2WI), hemorrhagic cyst, mucinous tumor, etc.

1. Detection of enhancing solid component

2. In case of adnexal mass with enhancing solid tissue, analysis of time-SI curve of enhancing solid tissue

- Type 1: slow gradual increase in the signal of solid tissue, without a well-defined shoulder (benign)

- Type 2: a moderate initial rise in the signal of solid tissue relative to that of myometrium

- Type 3: an initial rise in the signal of solid tissue steeper than that of myometrium (malignancy)

- Subtraction of pre-contrast TIWI from post-contrast T1WI

- Useful for detection of an enhancing solid component in endometrial cyst

- High Sl on high b-value DWI and low ADC values mean restricted diffusion

- Generally, malignant tumors present restricted diffusion and benign tumors do not

- Presence of diffusion restriction is sensitive but not specific for malignancy and absence of diffusion
restriction is specific but not sensitive for benignity

- The representative benign adnexal lesions showing diffusion restriction include teratoma, endometrial
cyst, tuboovarian abscess, and some benign stromal tumors

ADC = apparent diffusion coefficient, DWI = diffusion-weighted image, Sl = signal intensity, TLIWI = T1-weighted image, T2WI = T2-weighted image
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Fig. 1. Ovarian fibroma in a 28-year-old female (O-RADS MRI 2).

A-C. Axial T2-weighted (A), T1-weighted (B), and fat-suppressed contrast enhanced T1-weighted (C) MR images show a 5-cm predominantly
solid mass (arrows) within the left ovary. Note the peripherally located ovarian follicles (arrowheads, A). The left ovarian mass shows homoge-
neous dark signal intensity on T2-weighted image (A), iso-signal intensity to the myometrium on T1-weighted image (B), and enhancement
similar to myometrium (C).

D, E. The mass shows (arrows) dark signal intensity on a diffusion-weighted image (D) acquired at b = 1000 sec/mm? and hypointensity on the
apparent diffusion coefficient map (E). These findings are consistent with an ovarian fibroma (O-RADS MRI 2, solid lesion with homogeneous
dark T2/dark diffusion-weighted imaging).

O-RADS = ovarian-adnexal reporting and data system, U = uterus
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Fig. 2. Mature cystic teratoma in a 37-year-old female (O-RADS MRI 2).

A-C. Axial T2-weighted (A) MR image shows a 5-cm complex mass (arrows) containing Rokitansky nodule (white arrowhead) in the left ad-
nexa. Note the right normal ovary (black arrowheads). T1-weighted (B) and fat-suppressed T1-weighted (C) MR images show signal suppres-
sion within the mass, suggesting the presence of macroscopic fat.

D-F. The solid Rokitansky nodule (arrowheads) shows mild enhancement on fat-suppressed contrast-enhanced axial T1-weighted image (D), but
no definite diffusion restriction on high b-value diffusion-weighted image (E) and apparent diffusion coefficient map (F). However, some part of
the mass (arrows) shows strong diffusion restriction (asterisks). The lesion is fat-containing mass, so that mature cystic teratoma (O-RADS MRI 2)
can be considered as diagnosis. Minimal enhancement of Rokitansky nodule in lesion containing fat does not change to O-RADS MRI score 4.
O-RADS = ovarian-adnexal reporting and data system
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Fig. 3. Endometrial cyst in a 37-year-old female (O-RADS MRI 2).

A. Axial T1-weighted image shows a unilocular high-signal intensity cystic lesion (arrow) in the right adnexa.
B. On fat-suppressed axial T1-weighted image, the lesion (arrow) remains bright, a finding that excludes fat-
ty nature and suggests hemorrhagic components.

C. Axial T2-weighted image shows ‘shading sign’ with marked signal loss in the cystic lesion (arrow).

D. Fat-suppressed contrast-enhanced T1-weighted image shows smooth enhancing wall of the cyst (arrow).
These findings are compatible with endometrial cyst (O-RADS MRI 2).

O-RADS = ovarian-adnexal reporting and data system, U = uterus

Sh=t| =20 H= Ao 2 adeA UTH3E5-37).
ool 9 B B AT Holx) ghAlT Ui B3 b ha ol A AT
HA 2 Qlek(3541). AU S = ddA s (tuboovarian abscess) 9] #2225t <Y
A /golnt 434 1 719 el 317 d(sebaceous) AAZE 3 A HES HolB R Y
B UjRLo] Bt Aok 4 747ko 2 ok EoFo & Q<915}x] otolo SHk(Fig. 4) (39).
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& e dh W2 A 7Hs/dE & T AJARRITR(35-38). LU o)A 0 &2 Al ] AR (cel-
lular fibroma), H/d-S SRSt ﬁ%%—‘%%(ﬁbrothecoma) WA A& (struma ovarii) 52

1A oFA ZQFS =0 1) 71o]

ol 2ol =2 & 2:9FtH(23, 35, 36). Eﬁi %—%k Bl 54?‘:3 53l F’JA}OWE b AFhS Hd 4
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Ht ADC ghS BATH42). E5H Wt Fhafol|A] Z Al 8bdE MRIE o851 CTu PET-CT

BTk o 945k U F L 87, $87, 121 97 Holg Brhsieirks A7 duEol I

Fig. 4. Tubo-ovarian abscess with strong diffusion restriction in a 50-year-old female presenting with lower
abdominal discomfort and palpable mass (O-RADS MRI 5).

A, B. Axial T2-weighted (A) and fat-suppressed contrast-enhanced T1-weighted (B) MR images show a mul-
tilocular cystic mass (arrows) with enhancing septum and thickened wall (asterisks) in the pelvic cavity.

C, D. The cystic content (arrows) shows markedly high signal intensity on a high b-value diffusion-weighted
image (C) and marked hypointensity on the apparent diffusion coefficient map (D). However, the enhanc-
ing wall did not show a significant diffusion restriction (asterisks). This lesion is classified as O-RADS MRI
score 5, considering the strong enhancing solid tissue on fat-suppressed contrast-enhanced T1-weighted
image, but this mass was confirmed to be a tubo-ovarian abscess (benign lesion). Diffusion restriction can
be seen in pus, highly viscous fluid, and coagulative necrosis, as well as high cellularity tumors.

O-RADS = ovarian-adnexal reporting and data system

1072 jksronline.org
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O-RADS MRIQ| M &
O-RADS MRIQ] 7|92 20134 2-Satol|A] 7hd Zitho] ofjufjst 2paiidsy] Z3]o] otz 2
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Fig. 5. Time-signal intensity curve of the enhancing solid tissue in adnexal lesions compared to the enhancement of the outer myometrium
on dynamic contrast-enhanced MRI.

A. Type 1 (low risk) curve shows a slow gradual increase in the signal of solid tissue, without a well-defined shoulder over time.

B. Type 2 (intermediate risk) curve shows a moderate initial rise in the signal of solid tissue relative to that of myometrium.

C. Type 3 (high risk) curve shows an initial rise in the signal of solid tissue steeper than that of myometrium.
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Table 2. Abbreviated O-RADS MRI System (11, 27, 52)

0O-RADS MRI Score Risk of Malignancy Lexicon Description
0 - Incomplete evaluation (not applicable)
1 0% Physiologic findings including follicles, hemorrhage cysts, and corpus luteum <3 cmina
premenopausal female
2 <0.5% - Unilocular smooth-walled adnexal cysts containing simple or endometriotic fluid: no enhancing

almost certainly  solid tissue
benign - Lesion with fat (mature teratoma): no enhancing solid tissue or minimal enhancement
of Rokitansky nodules
- Solid mass with homogeneous dark T2/dark DWI (fibroma)
- Simple hydrosalpinx
- Paraovarian cyst: no enhancing solid tissue
3 -5% - Unilocular smooth-walled cysts containing proteinaceous, hemorrhagic or mucinous fluid content:
low risk no enhancing solid tissue
- Hydrosalpinx with non-simple fluid or smooth wall thickening
- Multilocular cyst with smooth walls and septations: any type of fluid, no fat component or
enhancing solid tissue
- Solid tissue components (excluding dark T2/dark DWI) with type 1 DCE curve
4 -50% - Solid tissue components (excluding dark T2/dark DWI) with type 2 DCE curve or enhancement
intermediaterisk < myometrium at 30-40 s (if no DCE)
- Lesion with fat component with large volume enhancing solid tissue (immature teratoma or
malignant transformation of mature cystic teratoma)
5 -90% - Solid tissue components (excluding dark T2/dark DWI) with type 3 DCE curve or enhancement
high risk = myometrium at 30-40 s (if no DCE)
- Peritoneal seeding
DCE = dynamic contrast-enhanced, DWI = diffusion-weighted image, O-RADS = ovarian-adnexal reporting and data system

(proteinaceous) A o] O-RADS MRI 34ol| sigHc}. T
374 A of/dollA 3em ofske] £84 '¢E2 O-RADS MRI 14°]th.
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=

N 0Q
@
i
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I
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ks , 1Y 20| g s T2 ZRY, RIS, 954 2934
FE W7elok Stk 19 220 T2 42 3} bR G/dolM B Fdst 2 Asgde
£ Kol B 45502 0-RADS MRI 270l| s thFig. 1). T2 F2G/dollA nigzx2]o]
EAUS ASHEE Ho|AY FEE/TASHEE Holm 52 b 3t Shbdz g doli] 4o
ASF TR 2 INSHES Eol% Beols 54 2934 /30l wet 3] 715k vt
o Zo]l AP = ARHASHE S Holi= HH2 O-RADS MRI 34 (Fig. 6), 6= AF =
4412 O-RADS MRI 44 (Fig. 7), 1 = F41-2 O-RADS MRI 54 (Fig. 8)°.2 E&F3} 2k
o] gl= 9= 54 2954 3ol AAF = (17} gl FA) 2t 555/ = (o717}
U= )] ARt 7heehal, AEd 2YTH IS DA ZeE Ffoll= 2PA Fof F30-40
Z A9 2HT7 T1 B2Y/dolA 1F 22 o] v 2Fg23oll vlsh 2370l AA =W O-
RADS MRI 4%, tf Z5HA| 29 574=" O-RADS MRI 582 2 ER23ttk(11, 26)

O- ot
O-RADS MRI®|| &715to] O-RADS MRI 20|t 33 9] H-2+= g =7t 5% o5tz of-¢-
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Fig. 6. Serous cystadenoma in a 29-year-old female (O-RADS MRI 3).

A, B. Sagittal (A) and axial (B) T2-weighted images show a large unilocular cystic lesion (arrow) in the left adnexa. At the superior wall of the
lesion, a solid tissue appears as a small mural nodule (arrowheads). The right ovary (asterisk) appeared normal.

C-F. The solid tissue (arrowheads) shows mild enhancement on fat-suppressed contrast-enhanced sagittal (C) and axial (D) T1-weighted im-
ages, and no definite diffusion restriction on high b-value diffusion-weighted image (E) and apparent diffusion coefficient map (F).

G. On dynamic contrast-enhanced MRI, a low-risk time intensity curve was obtained. The lesion was classified as O-RADS MRI 3 and finally
confirmed as serous cystadenoma.

0O-RADS = ovarian-adnexal reporting and data system, U = uterus

Myometrium

LA WP
et N .

Solid lesion
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Fig. 7. Borderline serous tumor in a 74-year-old female (O-RADS MRI 4).

A, B. Axial (A) and sagittal (B) T2-weighted images show a well-defined unilocular cystic lesion (arrows) in the left ovary. Along the posterior
wall of the lesion, solid tissue appears as a papillary projection (arrowheads).

C. On fat-suppressed axial T1-weighted image, the content of the cyst shows high signal intensity (arrow).

D-F. The solid tissue (arrowheads) shows mild enhancement on fat-suppressed contrast-enhanced axial T1-weighted images (D), and mini-
mally high signal intensity on high b-value diffusion-weighted image (E) and low signal intensity on apparent diffusion coefficient map (F).

G. On dynamic contrast-enhanced MRI, an intermediate-risk time intensity curve was obtained. The lesion was classified as O-RADS MRI 4 and
finally confirmed as a borderline serous tumor.

B = bladder, O-RADS = ovarian-adnexal reporting and data system, U = uterus

Concentration Curve

Myometrium
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Fig. 8. High-grade serous carcinoma of fallopian tube in a 57-year-old female (O-RADS MRI 5).

A-E. Axial T2-weighted (A), T1-weighted (B), fat-suppressed contrast enhanced T1-weighted (C), high b-value diffusion-weighted image (D)
and apparent diffusion coefficient map (E) MR images show a 2.5-cm enhancing solid mass in the left adnexa (arrows) with strong diffusion
restriction.

F. On dynamic contrast-enhance MRI, high-risk time intensity curve is obtained. The lesion is classified as O-RADS MRI 5, and surgically con-
firmed as high-grade serous carcinoma of the left fallopian tube.

O-RADS = ovarian-adnexal reporting and data system, U = uterus

Myometrium

Solid lesion
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