
HAL Id: hal-03489581
https://hal.science/hal-03489581

Submitted on 7 Mar 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License

Imaging Spectrum of Benign Uterine Disease and
Treatment Options

Stephanie Nougaret, Martina Sbarra, Jessica Robbins

To cite this version:
Stephanie Nougaret, Martina Sbarra, Jessica Robbins. Imaging Spectrum of Benign Uterine Dis-
ease and Treatment Options. Radiologic Clinics of North America, 2020, 58, pp.239 - 256.
�10.1016/j.rcl.2019.10.004�. �hal-03489581�

https://hal.science/hal-03489581
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr


1

Imaging Spectrum of Benign Uterine Disease and Treatment 

Options 

 Stephanie Nougaret
1,2 

MD, PhD; Martina Sbarra
3,4

 MD; Jessica Robbins
5

1. Montpellier Cancer Research Institute, INSERM, U1194, University of Montpellier, Montpellier,

France. stephanienougaret@free.fr. 

2. Department of Radiology, Montpellier Cancer Institute, , 208 Ave des Apothicaires, 34295,

Montpellier, France. 

3. Radiologia Diagnostica e Interventistica Generale, Dipartimento Diagnostica per Immagini,

Radioterapia Oncologica ed Ematologia, Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, 

Italy. 

4. Istituto di Radiologia, Università Cattolica del Sacro Cuore,  Largo A. Gemelli 1-10123 Milano, Rome,

Italy 

5. University of Wisconsin School of Medicine and Public Health, 750 Highland Ave., Madison, WI,

53705, USA. 

Nothing to disclose 

Corresponding author: 

Dr S. Nougaret, Department of Radiology, Institut du Cancer de Montpellier, 208 Rue des 

Apothicaires, 34 298 Montpellier, France (e-mail: stephanienougaret@free.fr) 

© 2019 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/

Version of Record: https://www.sciencedirect.com/science/article/pii/S0033838919301332
Manuscript_f437d0c53c7014bf37c234e164c447d1

https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0033838919301332
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0033838919301332


 2

Imaging Spectrum of Benign Uterine Disease and Treatment 

Options 
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Key points:  

 
♦ Benign uterine disease is mainly comprised of adenomyosis and leiomyomas, common 

gynecologic conditions affecting women of all ages.  

♦ Magnetic resonance imaging (MRI) is the most accurate imaging modality for detection and 

localization of benign uterine disease and their mimics. 

♦ MRI is the diagnostic tool of choice for pretreatment evaluation, assessing potential 

procedural risk and predicting treatment response, and monitoring treatment outcomes. 

 

Abstract: 

 
Benign uterine diseases are very common gynecologic conditions affecting women of all ages. 

Ultrasound is traditionally the first line imaging technique but patients are increasingly referred to 

magnetic resonance imaging as it is more accurate for diagnosis and patient management.  

In this review, we will highlight the added value of magnetic resonance imaging in the diagnosis of 

the most common benign uterine diseases, describe therapeutic options, and delineate the role of 

MRI in treatment planning. 
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Introduction: 
 

Benign uterine disease, such as adenomyosis and leiomyomas, are common gynecologic 

conditions affecting women of all ages
1-6

. Although ultrasound (US) is the first line imaging 

technique in the examination of the uterus, magnetic resonance imaging (MRI) has become very 

useful and is the most accurate tool in lesion diagnosis and patient management
7-13

. Indeed, 

benign uterine disease may manifest with atypical features and can mimic malignancy, making the 

correct diagnosis a challenge
10,14,15

. MRI also assists in the triage of symptomatic patients to the 

most appropriate treatment modality, including surgery (hysterectomy or myomectomy), 

interventional procedures (uterine artery embolization) and medical therapy
16-18

. Hysterectomy is 

curative, but uterus-sparing therapies are a valid alternative for eligible women.  

In this article we highlight the utility of MRI in the diagnosis of the most common benign uterine 

diseases, such as leiomyomas and adenomyosis, discuss their typical and atypical MRI findings, 

describe the therapeutic options, and delineate the role of MRI in treatment planning. 
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MRI Protocol: 

Clinical guidelines for diagnosis and management of patients with leiomyomas are extensive 
1,19,20

. 

Recently, recommendations for MRI were proposed by the European Society of Urogenital 

Radiology
13

. 

Patient Preparation: 

Fasting and the use of an antiperistaltic agent such as Buscopan or glucagon is useful to minimize 

motion artifacts related to small bowel peristalsis. A moderately full bladder is recommended to 

reduce artifacts related to bladder filling
13

. 

 

Imaging Protocol  

High resolution thin-section images acquired at 1.5 T or 3.0 T are recommended.  

The optimal protocol, according to recent ESUR guidelines is summarized in table 1
13

.  

 

Leiomyomas  

Epidemiology, pathophysiology: 

Leiomyomas are the most common benign uterine tumor affecting up to 20-30% of 

reproductive-aged women
11

. They are benign neoplasms of unknown cause composed of multiple 

layers of smooth muscle fascicles and fibrous connective tissue anchored in the muscular wall of 

the uterus. These tumors may be solitary or, most frequently, multiple 
21

.  The size of leiomyomas 

is variable and influenced by estrogen and progesterone; they often grow during pregnancy and 

with oral contraceptive use and regress after menopause 
21

.  They may be asymptomatic but 20-

50% of women with leiomyomas present with symptoms such as menorrhagia, dysmenorrhea, 

pressure, urinary frequency, pelvic and back pain, and dyspareunia 
5
.  

Location: 
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Leiomyomas generally involve the myometrium of the uterine corpus and are classified by 

their location as submucosal, intramural and subserosal. In accordance with the FIGO classification 

system, they can be further subdivided in 8 categories (Figure 1)
22

. Pedunculated lesions can 

become detached from the uterus, receiving blood supply from other adjacent structures, and are 

called “parasitic” leiomyomas
23,24

. Leiomyomas not related with the myometrium may be located 

in the cervix and in the round or broad ligaments.  

Leiomyomas may occur in unusual locations such as diffuse peritoneal leiomyomatosis, 

intravenous leiomyomatosis or benign metastasizing leiomyoma. Peritoneal leiomyomatosis is 

characterized by multiple lesions along the peritoneal surfaces probably due to the iatrogenic 

dissemination throughout the peritoneal cavity after surgery 
25

. A previous history of 

hysterectomy for leiomyomas or a diagnosis of uterine leiomyomas may point to the correct 

diagnosis. Intravenous leiomyomatosis has an aggressive intravascular growth pattern within 

intrauterine and systemic veins 
25

.  

Imaging features 

Ultrasound: 

Ultrasound (US) is usually the initial imaging study. 

On US, a typical leiomyoma is a well-defined mass, often shadowing at the margin and/or 

producing internal linear shadowing. The echogenicity varies from hypo to hyperechoic in 

relationship to the myometrium. Dystrophic calcifications can be seen particularly in 

postmenopausal women.  On color - Doppler US, circumferential blood flow around the lesion is 

often seen 
26

.  

MRI: 

US can be limited by co-existing pelvic diseases, uterine anomalies, unusually small or large 

tumors, and tumor location 
27

. Thus, MRI is considered the most accurate imaging modality to 
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detect, locate and characterize myometrial lesions prior to patient management 
14,28

. MRI has 

reported sensitivities and specificities of 94.1% and 68.7%, respectively, for uterine 

leiomyomas
21,27,29

. 

On MRI, most leiomyomas, without any degeneration, are easily recognized as well-delineated 

round or ovoid lesions homogeneously hypointense on T2WI related to the outer myometrium 

and isointense on T1WI, with heterogeneous and variable enhancement. The presence of a T2-

hyperintense rim indicates a pseudocapsule of edema due to dilated lymphatic vessels and veins 
29

 

(Figure 2). Typical leiomyomas do not have restricted diffusion, showing a low signal intensity both 

on diffusion weighted images (DWI) and on the corresponding apparent diffusion coefficient (ADC) 

map, as a “blackout phenomenon” 
10

(Figure 2).  

Two particular subtypes of leiomyoma have to be mentioned:  

Cellular leiomyoma is a histological subtype characterized by more compact smooth muscle cells 

with little or no collagen; on MRI it shows higher signal intensity on T2WI and avid 

enhancement
11

(Figure 3). The intermediate T2 signal and avid enhancement of cellular 

leiomyomas can make it difficult to differentiate them from leiomyosarcoma
30

(Figure 3). In a 

retrospective study of 51 patients with a single myometrial lesion at MRI, Thomassin-Naggara et al 

suggested that the evaluation of DWI and ADC (value cut-off 1.23 x 10
-3

 mm
2
/s) may limit the 

misdiagnosis of uterine sarcoma as leiomyoma with diagnostic accuracy of 92.4% 
31

 (Figure 3).  

Lipoleiomyoma occurs in 0.03-0.2% of women, generally in the post-menopausal population. 

Liopleiomyomas are comprised of smooth muscle, adipose and fibrous tissue. The signal intensity 

of the fat components is typical high signal on T1WI and T2WI and loss of signal intensity on fat-

saturated sequences 
10

. 

When leiomyomas enlarge and outgrow their blood supply (≥ 5 cm in size), they may degenerate 

27
 
21

. The types of degeneration are hyaline, cystic, myxoid, hemorrhagic, and calcific (Table 2). 
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Hyaline degeneration is the most common type (60%). Leiomyomas with hyaline degeneration 

have low signal intensity on T2WI, an appearance similar to that of non-degenerated leiomyomas; 

however, they enhance to a lesser degree than standard leiomyomas 
32

 (Figure 4a,b).  

Cystic degeneration (4%) is characterized by the presence of cystic areas with high signal intensity 

on T2-WI that do not enhance 
21

(Figure 4c,d). 

Myxoid degeneration is relatively rare and depends on the presence of gelatinous intralesional 

foci at gross examination that contain hyaluronic acid–rich mucopolysaccharides 
33

. Leiomyomas 

with myxoid degeneration have an extremely high signal intensity on T2WI and enhance well 

except for foci of mucinous lakes or clefts. Delayed and prolonged contrast enhancement is due to 

the presence of myxoid stroma 
34

(Figure 4e,f). 

Hemorrhagic degeneration (red degeneration) is due to hemorrhagic infarction resulting in 

coagulative necrosis and is associated with pregnancy and oral contraceptives
35

. Red degeneration 

may also occur after uterine artery embolization (UAE). On MRI, the signal intensity is variable: 

peripheral or diffuse hyperintensity on T1WI and inhomogeneous signal intensity on T2WI with or 

without the hypointense rim. The T1-hyperintensity is due to the proteinaceous content of the 

blood or to the T1-shortening effect of methemoglobin 
12

 . When the hyperintensity is peripheral, 

it may be caused by thrombosis of the vessels that surround the lesion 
35

. (Figure 4g,h). 

Calcific degeneration is associated with end-stage hyaline degeneration and post-UAE treatment 

changes. On MRI the calcific components produce signal voids on all sequences 
10

. 

Smooth muscle tumor of uncertain malignant potential (STUMP) is a rare heterogeneous tumor 

that cannot be definitively classified histologically as leiomyoma or leiomyosarcoma
8
. Multiple 

subtypes have been identified according to nuclear atypia, mitotic rate and necrosis. On MRI, 

there are no specific features, because STUMP mimics both typical leiomyoma and 
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leiomyosarcoma. After removal they have a high rate of recurrence (7.3-12.5%) and may recur as 

low-grade leiomyosarcoma; therefore, long-term follow-up is needed 
8,10

. 

Pitfalls to avoid on MRI: 

Distinction between an ovarian mass and a uterine mass: It might be hard to distinguish uterine 

leiomyoma from a fibrous ovarian mass. In the instance of an ovarian mass, sharp angles between 

the ovary and the lesion are known as the “beak sign”. In contrast, in the case of a uterine mass, a 

normal ovary will be seen separate from the mass. The “claw sign” (uterine tissue draped around 

the mass) (Figure 4c) or the “bridging vessels” sign (enlarged and tortuous vessels extending from 

the uterus to the lesion) suggest the diagnosis of a uterine mass (Figure 4h, 5).  

Focal myometrial contractions: Contractions may appear as low T2 signal myometrial masses and 

may simulate uterine leiomyomas. Since they are transient and usually do not persist during the 

entire examination they can be easily differentiated from leiomyomas (Figure 6). 

Endometrial polyp: Submucosal leiomyoma may be mistaken for an endometrial polyp. Polyps 

have heterogeneous or high signal on T2WI in contrast to pedunculated submucosal leiomyomas 

which are low signal on T2WI and have a stalk that arises from the myometrium. 

Adenomyomas: (see adenomyosis section below). 

Leiomyosarcomas: It is critical to differentiate a benign leiomyoma from leiomyosarcoma. While 

leiomyosarcomas arise de novo and have no biologic link to leiomyomas 
36

, they may present with 

symptoms and imaging features similar to leiomyomas. Large size and rapid growth are unreliable 

signs of malignancy 
36

. Growth of a uterine mass after menopause and elevated LDH, particularly 

LDH isozyme type 3, is suspicious for leiomyosarcoma 
36

. Endometrial sampling may aid diagnosis 

of uterine sarcoma but sensitivity is limited due to the myometrial origin of the tumor 
36,37

. While 

no single MRI feature can reliably distinguish leiomyosarcomas from atypical leiomyomas, a 

combination of MRI features may improve the diagnostic performance of MRI for the correct 
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diagnosis of leiomyosarcoma. In a study from Lakhman et al, the combination of 3 or more of 4 

discriminative features including nodular borders, hemorrhage (high-SI on T1WI), T2W dark areas 

and central areas of nonenhancement were associated with an improved sensitivity and specificity 

for the diagnosis of leiomyosarcoma
14

(Figure 7). Uterine sarcoma also demonstrates rapid early 

enhancement of the solid components and restricted diffusion
8
. Diffusion restriction alone is 

insufficient for diagnosis as there is considerable overlap in ADC values between leiomyomas and 

leiomyosarcoma; leiomyomas may demonstrate restricted diffusion especially cellular 

leiomyomas
38

 (Figure 7). Notably, the presence of restricted diffusion and a T2 blackout effect is 

highly specific for a leiomyoma
15

 (Figure 2). More recently, Thomassin-Naggara et al. reported that 

using a recursive model combining T2 signal intensity, b1000 images and ADC map with a cut off 

value 1.23, MRI achieved 92.4% accuracy in distinguishing benign and uncertain or malignant 

myometrial tumors. The authors concluded that DWI may be of interest to distinguish between 

uterine sarcomas and benign leiomyomas
31

. Figure 8 is an algorithm to help differentiate 

leiomyoma and leiomyosarcoma. 

Treatment options: 

Depending on the spectrum of symptoms a patient is experiencing, they may benefit from 

conservative management.  Asymptomatic leiomyomas do not require treatment. Nonsteroidal 

anti-inflammatory medications may diminish symptoms of dysmenorrhea, but it is unclear if these 

effects extend to women with dysmenorrhea because of leiomyomas
39

. Oral contraceptives or 

gonadotropin-releasing hormone (GnRH) agonists may be used to reduce menstrual bleeding 

associated with leiomyomas
39,40

. GnRH agonists may also reduce the size of leiomyomas
39

. While 

some advocate the use of levonorgestrel-releasing intrauterine device (IUD) as a means to reduce 

menstrual bleeding with leiomyomas, the data to support its effectiveness are limited
39,41

. Since 
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submucosal leiomyomas increase the risk of IUD expulsion and bleeding complications, they are a 

relative contraindication for the use of an IUD
40

.  

Women with refractory abnormal bleeding or those experiencing bulk symptoms, such as pelvic 

fullness, constipation or urinary symptoms, may be eligible for surgical management.  Uterine-

sparing myomectomy can be considered for patients with three or fewer dominant symptomatic 

leiomyomas of less than 8 cm in diameter
40

.  Hysteroscopic myomectomy is optimal for the 

treatment of submucosal leiomyomas that are predominantly intracavitary, are less than 4 cm in 

size, and have at least 5 mm of intact myometrium overlying the leiomyoma while laparoscopic or 

open myomectomy is preferred for subserosal or intramural leiomyomas 
40

.  If the patient no 

longer desires childbearing, hysterectomy, via abdominal, laparoscopic, or vaginal approach, is a 

consideration.  While there is risk inherent with surgical intervention, hysterectomy yields the 

highest degree of symptom improvement 
42

. 

Uterine artery embolization (UAE) is a minimally-invasive uterine-sparing treatment option for 

leiomyomas resulting in abnormal bleeding, anemia, and/or bulk symptoms.  UAE is an alternative 

to myomectomy, but, unlike myomectomy, it is also useful in patients with multiple (>3) and large 

(> 10 cm) leiomyomas 
43

.  UAE offers the opportunity to preserve fertility, improves or eliminates 

bulk symptoms and bleeding, is durable, and has a low complication rate
44,45

. There is a roughly 

10-15% treatment failure rate in which patients will require additional treatment with 

hysterectomy, myomectomy, or repeat UAE
45,46

. 

Some centers utilize UAE prior to myomectomy.  In this scenario, UAE is performed 24-48 hours 

before standard myomectomy.   Compared to myomectomy alone, this combined technique 

decreases the risk of bleeding requiring transfusion, minimizes the risk of conversion to 

hysterectomy, and results in a shorter postoperative hospital stay
47

.  
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Adenomyosis:  

Epidemiology, clinical symptoms and pathophysiology:  

Adenomyosis is a common benign gynecological condition. It is defined as ectopic  endometrial 

glands and stroma in the myometrium more than 2.5 mm from the endometrium-myometrium 

interface. 
5,48

. While it is estimated that up to one-third of patients with adenomyosis are 

asymptomatic, the symptoms of adenomyosis are common but are nonspecific including 

dysmenorrhea, menorrhagia, and abnormal vaginal bleeding. Adenomyosis is associated with 

female infertility possibly in part due to the overlapping pathophysiology and association with 

endometriosis
52

. The etiology of adenomyosis is still unclear
4
. Exposure to estrogen, prior uterine 

surgery and parity are known risk factors.  

Ultrasound Imaging Features:  

Multiple ultrasound features have been associated with adenomyosis including myometrial 

heterogeneity with thin linear shadowing (“venetian blinds”) alternating with increased 

echogenicity, globular uterine enlargement, asymmetric thickening of the myometrium (“pseudo-

widening sign”) and isolated or clustered small anechoic cysts 
53-62

 
63

.The ultrasound appearance 

of adenomyomas may be similar to uterine leiomyoma. Leiomyomas usually have a well-defined 

border and peripheral color flow, whereas adenomyomas tend to be ill-defined, demonstrate less 

mass effect and have diffuse and central color flow
59

. 

MRI imaging features: 

MRI is highly accurate for the diagnosis of adenomyosis. In a prospective cohort, Stamatopoulos et 

al. described a sensitivity of 46.1%, specificity of 99.2%, and positive predictive value of 92.3% of 
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MRI in the diagnosis of adenomyosis
64

. An MRI classification of adenomyosis was recently 

proposed by Bazot et al including defining different forms of adenomyosis 
65

. 

Classic MRI appearance of adenomyosis:  

- Subendometrial cysts is a direct sign of adenomyosis correlated with the presence of 

endometrial glands within the myometrium. These microcysts typically demonstrate water 

signal on T1WI and T2WI. Hemorrhagic content may accumulate within the cysts and 

demonstrate T1 hyperintense signal
4
. They are mainly located in the superficial myometrium 

and are highly specific (98%). However, they are only detected in 50% of cases
66-70

 (Figure 9). 

- Thickening of the junctional zone (JZ) is an indirect sign related to myometrial hypertrophy, 

secondary to the presence of ectopic endometrial glands within the myometrium. A JZ 

thickness of greater than 12 mm has a diagnostic accuracy of 85%, specificity of 96%, and 

sensitivity of 63% to predict adenomyosis
67

. The JZ differential sign was described by Dueholm 

and al as the difference between maximal and minimal thicknesses in the anterior and 

posterior uterine JZ; a differential of greater than 5 mm may be a more reliable marker than a 

JZ thickness of greater than 12 mm
71

 (Figure 9).  

- Because adenomyosis may demonstrate variable degrees of enhancement, intravenous 

contrast does not enhance the diagnostic capacity of MRI. 

Subtypes of adenomyosis:  

- Adenomyoma is a mass-like confluence of ectopic endometrial glands within the myometrium, 

distinct from the JZ. The distinction from leiomyoma may be challenging; adenomyomas are 

usually ill-defined low signal T2W mass which may contain punctate foci of high T2 

signal
7,69,72,73

 (Figure 10).  
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- Hemorrhagic cystic adenomyosis (adenomyotic cyst) is a rare subtype of adenomyosis and is 

frequently symptomatic with dysmenorrhea and menorrhagia. This lesion develops following 

spontaneous hemorrhage of ectopic endometrial glands
74

. The hemorrhage is contained by a 

partial or complete rim of myometrial tissue, resulting in a cyst- like appearance with high 

signal on T1WI and a low signal rim on T2WI. The cyst may be submucosal, intramural, or 

subserosal
74,75

(Figure 11).   

- External adenomyosis arises in the outer part of the uterus, most likely in the posterior 

myometrium disrupting the serosa but not affecting the JZ. It is usually associated with deep 

endometriosis. On MRI, it appears as an ill-defined subserosal posterior T2 hypointense 

mass/pseudomass and may contains T2 hyperintense small cystic areas. 

- Adenomyomatous polyp or polypoid adenomyoma presents as a polypoid mass in the lower 

uterine endometrium or endocervix, and accounts for about 2% of all endometrial polyps. On 

MRI, it is a hypointense polypoid mass associated with T2WI hyperintense foci
76-78

.  

MRI Differential diagnosis: 

- Cyclic Physiologic Changes of the Uterus (Pseudo-thickening of the JZ): thickness of the 

junctional zone is hormone-dependent and changes according to the menstrual cycle. 

Preferably, MRI should be not performed during menstruation to avoid this pitfall
72,75

. 

- Non-measurable junctional zone: the JZ may not be measurable in postmenopausal patients 

and in women using contraceptive drugs
2,9,79-84

.  

- Myometrial contractions: transient uterine contractions are hypointense T2W bands 

perpendicular to the JZ or focal thickening of the JZ and can mimic focal adenomyosis
85

. 

Repeating the acquisition of images within a few minutes may demonstrate their transient 

nature; Cine MRI may also help (Figure 6).  
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- Endometrial cancer: adenomyosis can be seen in 20% of patients with endometrial cancer
3
. 

Evaluation of myometrial invasion may become difficult with the coexistence of adenomyosis 

as it may be responsible for a pseudo widening of the endometrium confused as myometrial 

invasion
3,86-88

 (Figure 12).  Since endometrial cancer can frequently extend into the ectopic 

endometrial tissue in adenomyosis, the true degree of myometrial invasion may be difficult to 

evaluate in the setting of concomitant adenomyosis. DWI may help to define the depth of 

myometrial invasion; adenomyosis does not restrict diffusion whereas endometrial cancer 

does
89

 (Figure 13).   

- Leiomyoma: traditionally, adenomyomas present as a T2 hypointense mass with ill-defined 

borders, minimal mass effect and with multiple bright foci. In contrast, leiomyoma, besides 

being also T2 hypointense, also have a well-defined border, adjacent mass effect, and large 

vessels surrounding the lesion
90

 (Figure 10).  

Treatment options: 

Medical therapy for adenomyosis relies upon hormonal suppression.  Oral contraceptives and 

GnRH agonists both induce amenorrhea and thus reduce symptoms of pain and bleeding.  

Symptoms tend to recur with cessation of therapy91.  Levonorgestrel-releasing IUDs may be 

slightly more efficacious than oral contraceptives in reducing pain and uterine bleeding92 and 

appear to improve quality of life measures similarly to slightly more than hysterectomy93. 

Traditionally, the standard treatment for symptomatic adenomyosis had been hysterectomy91.  

However, uterine-sparing techniques, including either complete or partial adenomyomectomy via 

open or laparoscopic approaches, can be considered in women wishing to maintain fertility, those 

who cannot tolerate a large operation, or in those wishing to consider a more conservative 

approach.  Complete adenomyomectomy is effective in the setting of a focal adenomyoma.  
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Partial adenomyomectomy, removal of a portion of the clinically recognizable adenomyosis, is 

employed in the setting of diffuse adenomyosis when complete resection would effectively result 

in a “functional hysterectomy.”  All of the uterine-sparing operative techniques yield 

improvements in pain in 82-85% of patients, reduction in abnormal uterine bleeding in 50-69% of 

patients and preserve fertility in 43-47%
94

. 

In select patients, UAE can be used to treat adenomyosis with or without leiomyomas. Symptom 

relief may not be as great or as durable as expected in the setting of isolated leiomyomas
95

 and 

patients with combined adenomyosis and leiomyomas tend to experience greater symptom relief 

from UAE than patients with pure adenomyosis 
96,97

.  Ultimately, with UAE, hysterectomy can be 

avoided in up to 85% of patients with symptomatic adenomyosis 
96,97

. 

Conclusion 

Benign uterine diseases, including adenomyosis and leiomyomas, are common conditions 

affecting women of all ages.  Ultrasound is often the initial imaging study obtained; however, MRI 

is the preferred modality for additional lesion characterization and provides critical information to 

assist in selecting the appropriate therapies for symptomatic patients. Treatment options for 

adenomyosis and leiomyomas include medical, surgical, and minimally invasive techniques such as 

uterine artery embolization. 
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TABLE 1 Protocol 

T2 WI High-resolution T2 sequences in the axial, oblique, sagittal, and coronal planes. The axial 

oblique T2W sequence perpendicular to the corpus of the uterus is particularly useful to 

evaluate the location of the lesion relative to the endometrial cavity.  

T1 WI Axial T1W sequence of the pelvis with and without fat suppression. Axial T1W sequence 

is useful to evaluate the presence of fat or blood contents and can be used to detect the 

presence of lymph nodes and bone marrow abnormalities. 

Large FOV T1/T2WI  Large FOV T1 or T2W sequence of the upper abdomen. It allows visualization of 

secondary signs of pelvic mass effect such as hydronephrosis and malignant disease such 

as lymph nodes or peritoneal carcinomatosis. 

 

Contrast-enhanced 

T1WI 

Contrast-enhanced axial T1-weighted images (T1WI) of the pelvis with fat saturation. It 

allows further lesion characterization, vascularization and its differentiation from an 

adnexal mass. 

Dynamic contrast 

injection/MR 

angiography 

Dynamic contrast injection/MR angiography is recommended if uterine artery 

embolization may be a possibility in order to evaluate uterine artery anatomy and 

collateral gonadal arterial supply. 

 

DWI DWI is not mandatory but has shown added value for lesion characterization and 

distinction between leiomyoma and leiomyosarcoma. 
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TABLE 2 

MRI features of leiomyomas and leiomyosarcomas. 

 

 T2WI Signal 
T2WI 

Border 
T1WI C+ DWI/ADC 

Type of Leiomyoma  
 

   

Non-degenerated Hypointense 
Well-

defined 

Isointense Variable Hypointense 

Cellular subtype Hyperintense Well-

defined 

Isointense  Vivid 

Enhancement 

Hyperintense 

Lipoleiomyoma 

subtype 

Variable - 

Fat component 

(hyperintense) 

Well-

defined 

Variable - 

Fat 

component 

(hyperintense) 

Variable Hypointense 

 

Degeneration Type 

  

Hyaline 
Hypointense Well-

defined 

Isointense Moderate 

enhancement 

Hypointense 

Cystic 
Hyperintense Well-

defined 

Hypointense No 

enhancement 

Hypointense 

Myxoid 
Very 

hyperintense 

Well-

defined 

Hypointense Delayed 

enhancement 

Hypointense 

Hemorrhagic 
Variable Well-

defined 

Hyperintense Variable Hypointense 

Calcific 
HypoT2 Well-

defined 

Hypointense No 

enhancement 

Hypointense 

Leiomyosarcoma 

T2 Dark areas Nodular 

border 

Presence of 

High T1-SI 

related to 

blood 

Enhancement 

with central 

necrosis 

High DWI/Low ADC 

 

 

 

Legends 

 

Figure 1: Leiomyoma FIGO classification system according to location. (a) Drawing depicts the 

leiomyoma FIGO classification, as FIGO 0: pedunculated intracavitary; FIGO 1: submucosal <50% 

intramural; FIGO 2: submucosal ≥ 50% intramural; FIGO 3: contacts endometrium, 100% 
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intramural; FIGO 4: intramural; FIGO 5: subserosal ≥ 50% intramural; FIGO 6: subserosal <50 % 

intramural; FIGO 7: subserosal pedunculated; FIGO 8: other (specify e.g. cervical, parasitic). (b) 

Sagittal and (c) axial T2-weighted images show multiple leiomyomas in different locations, each 

labelled with their MRI FIGO classification. 

 

Figure 2: Typical leiomyoma. (a) Sagittal and (b) axial T2-weighted images, (c) axial T1-weighted 

image, (d) axial DW image with (e) corresponding ADC map, and (f) gadolinium-enhanced axial T1-

weighted fat saturated images show a myometrial lesion with endometrial contact (arrow) in 

keeping with a FIGO 3 leiomyoma. Non-degenerated leiomyoma appears as a well-defined lesion 

with hypointense signal intensity on T2-weighted images related to the outer myometrium (a-b), 

isointense signal intensity on T1-weighted image (c) and homogeneous contrast-enhancement (f). 

The “blackout phenomenon” is illustrated with no signs of restricted diffusion with low signal 

intensity on DW image (b=1000) (d) and corresponding ADC map (e. 

 

Figure 3: Cellular leiomyoma. (a) Sagittal and (b) axial T2-weighted images show a well-delineated 

lesion (arrow) of intermediate to high signal intensity without T2 dark areas. (c) Axial oblique T1-

weighted image show isointense lesion without hemorrhage (arrow). (d) Axial oblique DW image 

(b=1000) show high signal intensity (arrow) with restriction on (e) corresponding ADC map 

(arrow). (f) Contrast-enhanced axial oblique T1-weighted fat saturated image shows avid and 

heterogeneous enhancement without necrosis (arrow). The absence of hemorrhage and necrosis, 

T2 dark signal, and the presence of well-defined border favor a cellular leiomyoma over 

leiomyosarcoma; this was confirmed histologically.  
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Figure 4: Different types of leiomyoma degeneration. Hyaline degeneration. (a) Axial T2-weighted 

image and (b) contrast-enhanced axial T1-weighted fat saturated image show a leiomyoma 

(arrow) with hypointense signal intensity on T2-weighted image and poor enhancement after 

gadolinium injection, suggesting hyaline degeneration. Cystic degeneration. (c) Axial T2-weighted 

image and (d) sagittal T2-weighted image show a large well-defined cystic lesion (arrow) with high 

T2 signal intensity, consistent with cystic leiomyoma due to its uterine origin (claw sign). Myxoid 

degeneration. (e) Sagittal T2-weighted fat saturated image and (f) contrast-enhanced sagittal T1-

weighted fat saturated image show a leiomyoma (arrow) presenting areas with high signal 

intensity on T2-weighted image and enhancement after gadolinium injection, with the exception 

of the non-enhancing mucinous lakes, suggesting a myxoid leiomyoma.  Hemorrhagic 

degeneration. (g) Axial T1-weighted fat saturated image and (h) axial T2-weighted fat saturated 

image show a left para-uterine lesion (white arrow) with a component of very high signal intensity 

on T1-weighted image and low signal intensity on T2-weighted image, suggesting intralesional 

hemorrhage. The lesion is a hemorrhagic subserosal pedunculated leiomyoma (MRI FIGO 7) with 

enlarged and tortuous vessel (black arrow, h) that extend from the uterus to the mass (bridging 

vessel sign), indicating the uterine origin of the lesion.  

 

Figure 5: Indeterminate origin of a mass: ovarian versus uterine. Axial T2-weighted image shows a 

well-defined left para-uterine mass with low signal intensity that could resemble either a uterine 

leiomyoma or ovarian fibroma. In this case, the left ovary (black arrow) is normal and separate 

from the mass. Enlarged and tortuous vessels extended from the uterus to supply the mass (white 

arrows, bridging vessels sign), suggesting the diagnosis of uterine leiomyoma.  
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Figure 6: Transient myometrial contraction. (a) Sagittal and (b) axial T2-weighted fat saturated 

images. Axial T2-weighted image shows hypointense bands perpendicular to the junctional zone in 

the anterior myometrium (arrows, b). This finding was absent on previous sagittal T2-weighted 

image that shows normal uterus with thin and distinct junctional zone (arrow, a), confirming the 

diagnosis of transient myometrial contraction. 

 

Figure 7: Leiomyosarcoma.  (a) axial T2-weighted images, (b) axial T1-weighted image, (c) axial 

DW image and (d) gadolinium-enhanced axial T1-weighted fat saturated image. Axial T2-weighted 

image shows dark T2 area (arrows, a) and ill-defined border. Hemorrhage is seen on the axial T1-

weighted image (arrows, b). (c) Axial oblique DW image (b=1000) show high signal intensity 

(arrow). (d) Contrast-enhanced axial oblique T1-weighted fat saturated image shows 

heterogeneous enhancement with central necrosis (arrow). Those combined features are 

suggestive of leiomyosarcoma which was confirmed histologically. 

 

 

 

Figure 8: Flow chart describing the role of MRI in differentiating leiomyoma and uterine sarcoma.  

 

Figure 9: Adenomyosis. (a) Drawing shows classic features of adenomyosis: subendometrial cysts 

and diffuse thickening (orange arrow) of the junctional zone (JZ). (b) Sagittal T2-weighted image 

shows an enlarged uterus with the classic MRI appearance of adenomyosis, as thickening of the JZ 

particularly of the anterior myometrium (orange arrow) with multiple high T2 signal foci (white 

arrows). (c) Axial T2-weighted image and (d) axial T1-weighted fat saturated image show a high T2 

and high T1 focus within the anterior myometrium (arrow, c-d) due to hemorrhagic content.  
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Figure 10: Adenomyoma. (a) Drawing shows the different features of adenomyoma and 

leiomyoma. An adenomyoma is T2 dark with internal bright foci due to endometrial glands, while 

a typical leiomyoma is  homogeneously dark with a bright peripheral rim due to perilesional 

edema that generally causes more adjacent mass effect than adenomyoma. (b) Sagittal and (c) 

axial T2-weighted images show an ill-defined, low signal intensity mass with embedded 

hyperintense foci in the posterior myometrium (arrow, b) suggesting an adenomyoma.  (c) Axial 

oblique  T2-weighted images show a well-defined, low signal intensity mass with embedded 

hyperintense foci bulging into the endometrium (arrow, c) suggesting a subendometrial 

adenomyoma.  (d) Sagittal T2-weighted image shows an enlarged uterus with the coexistence of 

an adenomyoma, as ill-defined hypointense mass-like lesion with embedded hyperintense 

punctate foci in the posterior myometrium (white arrow), and a leiomyoma, as well-defined very 

hypointense mass in the anterior myometrium causing adjacent mass effect (black arrow). 

 

Figure 11: Hemorrhagic cystic adenomyosis. (a) Sagittal T2-weighted fat saturated image shows  

diffuse thickening of the JZ and a single intramural focus of high signal intensity in the anterior 

myometrium (arrow). (b-c) The cyst-like focus is better seen on (b) axial T1-weighted image and 

(c) axial T2-weighted image characterized by T1 and T2 high signal (arrow, b-c), confirming 

hemorrhagic content. 

 

Figure 12: Pseudowidening of the JZ with coexisting endometrial cancer. (a) Drawing showing the 

pseudowidening of the JZ. Sagittal (b) and (c) axial oblique T2-weighted image shows an 

intermediate T2 signal within the endometrial cavity (orange arrow) with diffuse thickening of the 

JZ bulging in the endometrial cavity (pseudowidening of the JZ, black arrow). Note the large cystic 
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area on b consistent with a subendometrial cyst. On fused T2-DWI image (d) signal hyperintensity 

is solely seen at the level of the intermediate T2 signal corresponding to the endometrial cancer 

(orange arrow). No areas of restricted diffusion are seen within the pseudowidening of the JZ. In 

this case, DWI was particularly helpful to delineate the cancer.  

 

Figure 13: Endometrial cancer with coexisting adenomyosis in 3 differents patients (a-b,c-d,e-f). 

Axial oblique T2-weighted image (a ,c) shows an intermediate T2 signal within the endometrial 

cavity (orange arrow) with a diffuse thickening of the JZ and a subendometrial cyst (white arrow). 

The Subendometrial cyst in c demonstrates the same signal as the endometrial thickening which is 

confirmed on DWI (b,d). In the first case (figure 12), the endometrial cancer does not extend into 

the adenomyosis; in this case (figure 13), tumor extends into the adenomyosis. DWI was again 

particularly helpful to delineate the cancer.  (e) Axial oblique T2-weighted image shows an 

intermediate T2 signal within the endometrial cavity and within the myometrium (very ill-defined) 

(orange arrow) with diffuse thickening of the JZ (white arrow). (f) DWI shows a large very well-

defined area of hyperintense signal consistent with an endometrial cancer with deep myometrial 

invasion (orange arrow); again DWI was helpful to differentiate the tumor from the thickening of 

the JZ. 
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