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The aim of the present review, conducted according to PRISMA statement recommendations, was to evaluate the contribution of trans-
vaginal sonography (TVS) and magnetic resonance imaging (MRI) to diagnose adenomyosis. Although there is a lack of consensus on
adenomyosis classification, three subtypes are described, internal, external adenomyosis, and adenomyomas. Using TVS, whatever the
subtype, pooled sensitivities, pooled specificities, and pooled positive likelihood ratios are 0.72–0.82, 0.85–0.81, and 4.67–3.7, respec-
tively, but with a high heterogeneity between the studies. MRI has a pooled sensitivity of 0.77, specificity of 0.89, positive likelihood
ratio of 6.5, and negative likelihood ratio of 0.2 for all subtypes. Our results suggest that MRI is more useful than TVS in the diagnosis of
adenomyosis. Further studies are required to determine the performance of direct signs (cystic component) and indirect signs (charac-
teristics of junctional zone) to avoid misdiagnosis of adenomyosis. (Fertil Steril� 2018;109:389–97. �2018 by American Society for
Reproductive Medicine.)
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U terine adenomyosis is a
benign condition defined by
the presence of endometrial

glands and stroma within the
myometrium (1). Although the preva-
lence of uterine adenomyosis is
unknown, it is usually diagnosed in
multiparous women experiencing
bleeding or pelvic pain, mainly during
the late reproductive period (2–4).
However, the increasing use of
ultrasonography (US) and magnetic
resonance imaging (MRI) in women
with chronic pelvic pain or infertility
has contributed to the detection
of adenomyosis in younger women,
suggesting several etiopathogenic
conditions and different subtypes.

While there is a lack of consensus
about the pathogenesis of adenomyo-
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sis, various risk factors have been
identified and possible etiopathogenic
pathways include alteration in endo-
metrial function, a mechanism of tissue
injury and repair, and a theory
involving stem cells (5–7).

Recent advances in imaging tech-
niques have had an impact on the
detection of uterine adenomyosis
(8–12) and imaging criteria are now
part of the diagnostic workup along
with histopathological features (9–12).
However, because previously published
imaging data are insufficient to
distinguish between the subtypes of
adenomyosis, there is a need for
uniform terminology and consensus
classification (13). The aims of this
review are to clarify the definition of
adenomyosis and to determine the
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adiology, Hôpital Tenon, 4 rue de La Chine, Paris

015-0282/$36.00
Medicine, Published by Elsevier Inc.
value of the various US and MRI
criteria used in the diagnosis of the
various subtypes of adenomyosis.

METHODS
The reviewwas carried out in accordance
with the PRISMA statement recommen-
dations for reviews and meta-analysis.
The literature search was conducted in
MEDLINE, Embase, and theCochrane Li-
brary and was limited to studies pub-
lished in English and French between
1979 and 2017. The MeSH Database of
PubMed helped steer the search by
combining the MeSH key words: adeno-
myosis, uterine adenomyosis, adeno-
myomas with the terms imaging,
transvaginal sonography, ultrasound,
MRI, or magnetic resonance imaging.
To ensure the relevance of the publica-
tions retrieved, additional inclusion
criteria were applied. To be included,
the published studies had to contain a
clear description of the imaging tech-
nique. Furthermore, papers describing
imaging techniques used to treat adeno-
myosis were excluded.
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VIEWS AND REVIEWS
Redundant articles were removed after an initial selec-
tion, and other articles were then removed if their title, ab-
stract, or material and methods did not fit the objective of
our review. Finally, after reading the remaining studies, we
eliminated those that did not provide clear data on the diag-
nosis of adenomyosis, as well as those assessing the same se-
ries of women. Of the 741 articles selected initially, 687 were
excluded based on title and abstract. For this review, 57 arti-
cles were used.
CLASSIFICATION OF ADENOMYOSIS
Adenomyosis was initially described in 1860 by Rokitansky
(14) as fibrous tumors containing gland-like structures that
resemble endometrial glands. In 1920, Thomas Cullen (15)
published a preliminary report on adenomyoma uteri diffu-
sum benignum and on the distribution of adenomyomas con-
taining uterine mucosa. He suggested that diffuse
adenomyoma was the result of basal endometrial invasion
and that an encapsulated variety was possibly of m€ullerian
origin (15).

In 1921, Sampson put forward that adenomyoma of the
uterus could be differentiated into three groups according to
the origin: the first when the growth arises from an invasion
of the uterine wall by the mucosa lining (invasion fromwithin
the uterus); the second with the growth arising from the se-
rous surface by endometrial tissue from an endometrial cyst
(invasion from without the uterus); and the third arising
from misplaced endometrial tissue in the uterine wall (16).

In 2012, Kishi et al. (17) differentiated uterine adenomyo-
sis into four subtypes based on MRI analysis: subtype I con-
sists of adenomyosis occurring in the uterine inner layer
without affecting the outer structures; subtype II of adeno-
myosis occurring in the uterine outer layer without affecting
the inner structures; subtype III of adenomyosis occurring
alone unrelated to structural components; and subtype
TABLE 1

Classification of adenomyosis.

Adenomyosis subtype

Internal adenomyosis (Ai)
Focal adenomyosis (Ai0) Localized intramyometrial tin

multiple)
Superficial adenomyosis (Ai1) Disseminated subendometria

or asymmetric)
Diffuse adenomyosis (Ai2) Disseminated intramyometria

asymmetric)
Adenomyomas (Ad)

Intramural solid adenomyoma (Ad1) Ill-defined myometrial lesion
Intramural cystic adenomyoma (Ad2) Ill-defined myometrial lesion
Submucosal adenomyoma (Ad3) Ill-defined myometrial lesion
Subserosal adenomyoma (Ad4) Ill-defined subserous myome

External adenomyosis (Ae)
Posterior external adenomyosis (Ae1) Ill-defined subserosal posteri

endometriosis
Anterior external adenomyosis (Ae2) Ill-defined subserosal anterio

endometriosis
Note: asymmetric ¼ predominant disseminated involvement by adenomyosis in one uterine wall; J
posterior uterine wall.

Bazot. Adenomyosis and imaging techniques. Fertil Steril 2018.
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IV composed of adenomyosis that did not satisfy these
criteria (17).

We recently suggested a classification of adenomyosis
according to MRI features which allows us to distinguish be-
tween internal adenomyosis, external adenomyosis and
structural-related adenomyoma subtypes with a potential
relation for therapeutic strategy (Table 1, Fig. 1) (18). Internal,
external adenomyosis, and adenomyomas can be present
alone or in association in this model. Current classification
proposals and future perspectives are discussed more exten-
sively by Gordts et al. (19) in this issue.

ULTRASONOGRAPHY AND ADENOMYOSIS
The diagnosis of adenomyosis was initially based on transab-
dominal US (TUS) criteria (11, 20, 21). This technique can
visualize a big, regular, heterogeneous uterus containing
tiny cystic lesions of 2–7 mm (20). TUS is useful in patients
with bleeding or dysmenorrhea to detect uterine
leiomyomas or endometrial disorders. In a study including
129 patients undergoing hysterectomy for bleeding and
examined by TUS, the prevalence of adenomyosis in women
with and without uterine leiomyomas or endocavitary
abnormalities was 24.5% and 91.3%, respectively (22).
Despite a high specificity (97%–97.5%), TUS had a low
sensitivity (30%–63%) due to its limited image resolution
(11, 21). However, as TUS is unable to distinguish between
the various subtypes of adenomyosis, transvaginal
sonography (TVS) should always be used for the detection
of adenomyosis.
Transvaginal Sonography and Internal
Adenomyosis

Examination by TVS constitutes an acceptable, moderately
accurate and minimally invasive first-line test to detect inter-
nal adenomyosis (23) (Table 2). A very detailed description of
Definition Figure

y cystic component with or without JZ bulging (unique or 1A

l tiny cystic component without JZ hypertrophy (symmetric 1B, 1C

l tiny cystic component with JZ hypertrophy (symmetric or 1D, 1E

with tiny cystic component (hemorrhagic or not) 1F
with hemorrhagic cystic cavity 1G
with tiny cystic component and intracavitary protrusion 1H
trial lesion with tiny cystic component 1I

or myometrial mass associated with posterior deep 1J

r myometrial mass associated with anterior deep 1K

Z ¼ junctional zone; symmetric ¼ disseminated involvement by adenomyosis in anterior and

VOL. 109 NO. 3 / MARCH 2018



FIGURE 1

Magnetic resonance imaging classification of adenomyosis: different morphologic and locations of adenomyosis subtypes including internal
adenomyosis, adenomyomas, and external adenomyosis. (A) Internal adenomyosis comprised focal or multifocal adenomyosis, (B) superficial
asymmetric or (C) symmetric adenomyosis, and (D) diffuse asymmetric or (E) symmetric adenomyosis. Adenomyomas are related to intramural
adenomyoma, (F) solid or (G) cystic and (H) submucosal or (I) subserosal adenomyomas. External adenomyosis are represented by (J) posterior
adenomyosis and (K) anteriorassociated respectively with posterior and anterior deep endometriosis. (Modified from Bazot [18]. Pathologie
Myom�etriale. Imagerie de la femme. Lavoisier; 2018).
Bazot. Adenomyosis and imaging techniques. Fertil Steril 2018.
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the ultrasound findings for adenomyosis was provided
recently by Van den Bosch et al. (24).

Several direct features are related to the presence of endo-
metrial tissue within the myometrium (10). Tiny myometrial
cysts (2 mm–9 mm) corresponding to cystic or hemorrhagic
endometrial glands, mainly located in the superficial myome-
trium, are highly specific (98%), but of low sensitivity
(50%–65%) (Fig. 2A and B) (10, 22, 25–28). Non-cystic endo-
metrial tissue gives rise to hyperechoic nodules or striations,
of irregular or nodular aspect, or poor definition of the
endometrial-myometrial interface (10, 27).

Indirect features are related to hypertrophic myometrial
reaction (10). Diffuse myometrial heterogeneity is common
and has a high sensitivity (80.8%–100%), but low specificity
(30%–65%) (22, 26, 28). Associated thin hypoechoic linear
striations within a heterogeneous myometrium reinforce the
diagnosis of internal adenomyosis, this criterion being
of low sensitivity (3.8%–66.6%), but high specificity
(90%–98.7%) (Fig. 2B) (22, 26, 28). These hypoechoic linear
VOL. 109 NO. 3 / MARCH 2018
striations are easily detected in the absence of leiomyomas
and during the reproductive age (22).

Diffuse asymmetric or symmetric widening of the myo-
metrial wall(s) is secondary to myometrial hypertrophy and
mainly related to deep diffuse internal adenomyosis. All but
one of the TVS studies evaluating the depth of penetration
within the myometrium found a low correlation with histopa-
thology (11, 26, 29, 30). Atri et al. (10) found a good
correlation but their study was performed on gross specimens.

Several studies exploring the role of TVS in the diagnosis
of adenomyosis report discrepant results (10, 11, 29). These
discrepancies can partly be explained by the clinical, US
and histopathologic criteria used. The main differential
diagnosis of adenomyosis is the association with uterine
leiomyomas (with a coexistence of 40%) and represents one
of the main limits of TVS.

Three recent meta-analyses used the Quality Assessment
of Diagnostic Accuracy Studies criteria to evaluate the imag-
ing quality (23, 31, 32). Descriptive analysis found pooled
391



TABLE 2

References providing descriptive analysis of adenomyosis in accordance with subtype.

Reference Subtype Prev (%) Sens (%) Spec (%) PPV (%) NPV (%) PLR NLR

Ultrasound
Fedele et al. 1992 (25) Ai 47 80 74 81 73 – –

Fedele et al. 1992 (39) Ad – 87 98 74 98 – –

Reinhold et al. 1995 (29) Ai 29 86 86 71 94 – –

Huang et al. 1995 (40) Ad 20 80 94 86 91 – –

Atri et al. 1996 (11) Ai 29 81 71 90 54 – –

Reinhold et al.1996 (9) Ai 24 89 89 71 96 – –

Bazot et al. 2001 (11) Ai 33 65 98 93 89 – –

Bazot et al. 2002a (22) Ai 91 81 100 100 40 – –

Bazot et al. 2002b (22) Ai 25 38 98 83 83 – –

Kepkep et al. 2007 (26) Ai 37 81 61 53 88 – –

Meredith et al. 2009 (31),a Ai 28a 83a 85a – – 4.7a 0.2a

Champaneria et al. 2010 (32),a Ai – 72a 81a – – 3.7a 0.3a

Sun et al. Taiwan 2010 (27) Ai 40 87 60 59 88 – –

Exacoustos et al. 2011 (28) Ai 44 75/91 90/88 86/85 82/92 7.5 0.11
Andres et al. 2017 (35),a Ai – 83a 64a – – – –

MRI
Reinhold et al. 1996 (9) Ai 24 86 86 71 96 – –

Bazot et al. 2001 (11) Ai 33 78 93 84 89 – –

Dueholm et al. 2001 (12) Ai 21 64 88 58 90 5.3 0.4
Bazot et al. 2001 (56) Ai 43 75/50/50 91/81/91 86/67/86 83/68/71
Champaneria et al. 2010 (32),a Ai – 77a 89a – – 6.5a 0.2a

Note: Ad ¼ adenomyoma; Ae ¼ external adenomyosis; Ai ¼ internal adenomyosis; MRI ¼ magnetic resonance imaging; NLR ¼ negative likelihood ratio; NPV ¼ negative predictive value; PLR ¼
positive likelihood ratio; PPV ¼ positive predictive value; Prev ¼ prevalence; Sens ¼ sensitivity; Spec ¼ specificity; US ¼ ultrasound.
a Results from meta-analysis.

Bazot. Adenomyosis and imaging techniques. Fertil Steril 2018.

FIGURE 2

Transvaginal sonographic examinations in different patients showing (A) tiny subendometrial cysts (arrows) related to focal internal adenomyosis;
(B) regular enlarged asymmetric heterogeneous myometrium containing multiple hypoechoic striations (dotted arrows), tiny myometrial cystic
(short arrow) adjacent to poor definition of the endometrial-myometrial interface (thin arrows) related to diffuse adenomyosis; and (C, D) large
posterior hypoechoic myometrial area (star) containing vessels following their course perpendicular to the endometrial interface due to diffuse
adenomyosis.
Bazot. Adenomyosis and imaging techniques. Fertil Steril 2018.

392 VOL. 109 NO. 3 / MARCH 2018

VIEWS AND REVIEWS



Fertility and Sterility®
sensitivities, pooled specificities and pooled positive
likelihood ratios of 0.72–0.82, 0.85–0.81, and 4.67–3.7,
respectively (31, 32). However, the most recent meta-
analysis suggests that the heterogeneity between the studies
is too great to allow statistical data pooling (23).

New US techniques are emerging and show promising re-
sults for the diagnosis of adenomyosis. Color or power
Doppler US is useful to rule out the involvement of vascular
structures (22). In the presence of features mimicking leio-
myomas, power Doppler US displaying vessels perpendicular
to the endometrial interface, is suggestive of adenomyosis
(Fig. 2C and D) (33).

Two previous studies suggest that reconstructed three-
dimensional TVS images provide superior visualization of
the junctional zone (JZ) on the coronal section, facili-
tating analysis of the endomyometrial junction (28, 34).
A recent meta-analysis suggested there was no improve-
ment in overall accuracy in TVUS three-dimensional
compared to TVUS two-dimensional for the diagnosis of
adenomyosis (35).

Elastography is another emerging US technique and uses
slight external tissue compression to quantify the strain pro-
duced in the structures examined (36). Two recent studies sug-
gest significant differences in strain distribution between
adenomyosis and leiomyomas (36, 37).
Transvaginal Sonography and External
Adenomyosis

In a preliminary study including six women with suspected
bladder endometriosis, TVS revealed an infiltration of the
entire thickness of the bladder wall that was continuous
with a nodule of adenomyosis of the anterior uterine wall in
three of them (38).

To the best of our knowledge, no publications describe the
role of TVS in the detection of posterior external adenomyo-
sis. Sonographers should bear in mind that this subtype is
particularly difficult to detect and that diagnosis should al-
ways be considered, especially in the presence of posterior
deep endometriosis (18). In our experience, the outer posterior
myometrial border appears heterogeneous on power Doppler
analysis and can be seen to contain myometrial cysts and
radial vessels (18).
Transvaginal Sonography and Adenomyomas

An adenomyoma appears on TVS as an ill-defined heteroge-
neous myometrial lesion containing hypoechoic spaces larger
than 5 mm (39, 40). With these criteria, TVS has a sensitivity
of between 80%–87% and a specificity of between 94%–98%
(39, 40) (Table 2).

Occasionally, TVS suggests a submucosal adenomyoma
in the presence of an ill-defined endometrial mass contain-
ing cystic lesions protruding into the endometrial cavity.
Whatever its location, the differential diagnostic criteria
with a leiomyoma are ill-defined margins and a cystic
component (40). The absence of vascularization, or periph-
eral vascularization, on color Doppler sonography reinforces
the diagnosis.
VOL. 109 NO. 3 / MARCH 2018
MRI AND ADENOMYOSIS
MRI is a second-line examination in the diagnosis of internal
adenomyosis, mainly after a non-conclusive US evaluation.
In addition, MRI can differentiate between the subtypes of
adenomyosis.
MRI and Internal Adenomyosis

Several MRI diagnostic criteria, both direct and indirect, have
been described based on the presence of endometrial glands
(adeno) within the myometrium and smooth muscle cell hy-
pertrophy (myosis) (9, 11, 12, 41) (Table 2). However, these
criteria should not be used unless the radiologist has expert
knowledge of uterine anatomy by MRI.

Most publications focusing on MRI highlight indirect
rather than direct MRI criteria mainly due to the nice visual-
ization of zonal anatomy of the uterus provided on MR imag-
ing compared to anatomicohistologic methods (42). Several
studies have analyzed the zonal anatomy of the uterus on
T2-weighted imaging (43–49). It is composed of the JZ
(displayed by a distinct inner low signal area), which
separates the central endometrium (high signal intensity)
from the outer myometrium (intermediate signal) (43).

Other authors have reported that the zonal anatomy is
also visible on T1-weighted MRI with the JZ displayed as an
inner high signal area, separating the central endometrium
(low signal intensity), and the outer myometrium (intermedi-
ate signal) (50). In our experience, this zonal anatomy is best
visualized on fat-suppressed T1-weighted MRI (18). The low
signal intensity of JZ on T2-weighted MRI is related to its
reduced T2 while the brightness on T1-weighted MRI is due
to its reduced T1 (44, 50).

The knowledge of physiological variations of JZ and of its
normal values is crucial for the diagnosis of internal adeno-
myosis (49). For example, the visualization of JZ is dependent
on the patient's age and hormonal factors (51). It is not clearly
depicted during premenarche, pregnancy, menopause, and in
women on GnRH analogues (49). In contrast, visualization of
the JZ can reappear in menopausal women taking hormone
replacement therapy (49).

The most striking physiological modification of JZ is
observed during menstruation when a pseudo-thickening of
JZ is frequently observed (52). Hence, MRI evaluation of inter-
nal adenomyosis should always take into account the men-
strual cycle and not be performed during the menstruation
period if possible (18).

Both the endometrium and JZ (the archimyometrium) are
of m€ullerian origin while the outer myometrium is of non-
m€ullerian mesenchymal origin (53). The JZ plays a major
role in uterine peristalsis (53). Normal uterine peristalsis is a
continuous cyclic phenomenon and needs to be differentiated
from uterine contractions.

Uterine contractions are sporadic, unpredictable, and usu-
ally spontaneously reversible within a few minutes (54, 55).
They can be isolated or multiple, focal, or diffuse, and give
rise to hypointense areas on T2-weightedMRImimicking focal
or diffuse internal adenomyosis, adenomyoma or leiomyoma.
Theuse of rapid T2-weightedMRsequences is useful to identify
spontaneous modifications or disappearance over time (56).
393
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The definition of a normal JZ thickness is elusive and rai-
ses concerns about its evaluation. It has been regularly revised
over the past three decades (9, 44, 46, 47, 50, 57) with the
earlier studies giving a maximum threshold for normal JZ
thickness at between 5 mm and 8 mm (44, 46, 47, 50, 57).

For many years, it was held that the most important MRI
criterion to assess a diagnosis of adenomyosis was a maximal
JZ thickness (JZmax) R12 mm (9). This criterion, obtained by
receiver operating characteristic analysis in Reinhold et al.'s
study (9), was associated with a sensitivity and a specificity
of 93% and 91%, respectively. However, two prospective
studies evaluating this JZmax value of R12 mm found lower
sensitivities (63%–70%) and specificities (88%–96%) (11, 12).
This discrepancy could partly be explained by differences in
patient selection, especially with the exclusion of those with
large leiomyomas in the study by Reinhold et al. (9).

In our experience, the JZmax alone should be used with
caution to diagnose internal adenomyosis (18). Limitations
include the fact that in some patients the JZ is not visible
and in others it may not be distinguishable from the outer my-
ometrium. Moreover, JZ is not measurable in 20%–30% of
women of reproductive age and in up to 50% of menopausal
women (11, 58).

The presence of leiomyomas can also render JZ measure-
ments difficult or impossible (11, 12, 41). In their series,
Reinhold et al. (9) failed to identify any patients with
adenomyosis and a non-measurable JZ (9). This could partly
be explained by the exclusion of 28 patients for technical rea-
sons (9).

Togashi et al. (8) suggested that a localized or diffuse
thickening of the JZ was suggestive of adenomyosis
(Fig. 3A) (8). However, it remains unclear whether focal thick-
ening is related to a real disease or an epiphenomenon. A
localized or focal JZ thickening is most commonly related
to the presence of sporadic uterine contractions or leiomyoma
rather than to adenomyosis (52).

Finally,most authors consider that JZmeasurement should
be made on a midsagittal T2-weighted MRI through the long
axis of the uterus (Fig. 3B) (9, 41, 59). However, to diagnose
internal adenomyosis it may be more useful to compare
3DT2-weighted MRI sequences with 2DT2-weighted MRI
FIGURE 3

2DT2-weighted magnetic resonance imaging examinations of two differe
component (arrows) surrounded by ill-defined low intense myometrial ma
multiple cystic myometrial cysts with anterior diffuse thickening of junctio
to diffuse internal adenomyosis with associated leiomyomas (star).
Bazot. Adenomyosis and imaging techniques. Fertil Steril 2018.
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sequences to determine the JZmax. The JZmax thickness could
also be evaluated by fat-sat suppressed T1-weighted MRI to
determine its potential additional diagnostic value (18).

Other indirect MRI criteria have been evaluated for the
diagnosis of internal adenomyosis (8, 9, 11, 12, 60). These
include the ratio of JZmax over the full myometrium thickness
measured at the same place (ratiomax), the difference in
maximal and minimal thicknesses in both anterior and
posterior portions of the uterus (JZ differential ¼ JZdiff) and
the presence of a big smooth regular uterus (9, 11, 12).

A significant difference has been found in the ratiomax

between patients with adenomyosis and a control group but
without a clear threshold or with a ratiomax of 40% giving
rise to a sensitivity of 65% and a specificity of 93% in the
diagnosis of internal adenomyosis (9, 11). Dueholm et al.
suggested that a JZdiff >5 mm was able to diagnose internal
adenomyosis with a sensitivity and specificity of 70% and
85%, respectively (12). Finally, the presence of a big smooth
regular uterus had poor sensitivity (23%) for the presence of
internal adenomyosis but was highly specific (98%) (11). In
contrast to common opinion, none of these indirect features
used alone, including a JZmax R12 mm, would appear to be
sufficient to diagnose internal adenomyosis. In our
experience, a combination of indirect criteria would be
recommended to suggest adenomyosis (JZmax R12 mm
and/or ratiomax >40% and/or big regular uterus) (11, 18). It
is thus necessary to define direct criteria.

The main direct criterion for adenomyosis on MRI is the
detection of tiny myometrial cysts related to islets of dilated
ectopic endometrium (Fig. 3). These high-intensity myome-
trial foci (%3 mm) are embedded within the myometrium,
most commonly in the inner myometrium, and display a
high signal on T2 and a low signal on T1-weighted MRI
(8, 9, 11, 12, 60). However, myometrial cysts, although
almost always pathognomonic of adenomyosis, are detected
in only about half of the cases on T2 (9, 11). This low
sensitivity (�50%) is mainly due to the limited spatial
resolution of 2D FSE T2-weighted MRI.

The prevalence of adenomyosis was found to be 39%
overall in a study comparing in-vivo and ex-vivo pelvic
MRI of 79 women (18). High-signal intensity myometrial
nt women. (A) A normal uterus with localized high intense tiny cystic
ss related to focal internal adenomyosis; (B) a huge uterus containing
nal zone (double arrow) on sagittal view; and (C) coronal view related
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spots were visible on T2-weighted MRI in 50% of in-vivo
cases and 90% of ex-vivo cases (18). This marked increase
of sensitivity with unchanged specificity (98%-94%) can
partly be explained by the absence of movement artifacts
and a significant increase of spatial resolution with a pixel
size of 0.87 � 1.27 in vivo and 0.56 � 0.56 ex vivo (18).

An upgrade of MR sequences and pelvic phased arrays is
required to improve image quality and spatial resolution,
namely by 3D FSE T2-weighted MRI. Increased susceptibility
MRI sequences may also increase the detection of hemorrhag-
ic foci as T1 and fat-suppressed T1-weighted imaging only
detect hemorrhagic content within cystic cavities in <20%
of cases (hyperintense signal).

Only three large prospective studies have compared MRI
performance with histopathology for the diagnosis of adeno-
myosis (9, 11, 12). These studies give a sensitivity of between
70% to 93% and a specificity of 86–93%, with a prevalence of
adenomyosis of 21 to 33% (9, 11, 12).

In their meta-analysis comparing the diagnostic perfor-
mance of MRI and TVS, Champaneria et al. (32) reported
that MRI had a pooled sensitivity of 77% (95% confidence in-
terval [CI] 67–85), specificity of 89% (95% CI 84–92), a posi-
tive likelihood ratio of 6.5 (95% CI 4.5–9.3), and a negative
likelihood ratio of 0.2 (95% CI 0.1–0.4) (32). The authors
concluded that MRI performs more favorably than TVS in
the presence of associated uterine leiomyomas (32).

However, while MRI is less operator dependent than TVS,
expertise is required. Furthermore, breath-hold T2-weighted
sequences in addition to conventional 2D TSE-T2-weighted
MR sequences optimize the accuracy of MRI and reduce
inter-observer variability (56, 61).

Fewdata are available on the value ofMRI to determine the
location, severity and extent of internal adenomyosis (9, 11).
On histology, the extent of adenomyosis is estimated by the
depth of penetration, the relative proportion of the uterus
involved, and the weight of the uterus (62).
MR Imaging and External Adenomyosis

Several MRI characteristics should always be kept in mind
for the diagnosis of external adenomyosis. First, external
FIGURE 4

T2-weighted magnetic resonance imaging examinations in two different w
vesicouterine pouch, and adjacent anterior myometrium related to bladde
retroflexed uterus presenting with normal junctional zone on sagittal view
mass (star) containing tiny cystic component (thin arrow) on axial oblique
related to posterior deep endometriosis and posterior external adenomyos
Bazot. Adenomyosis and imaging techniques. Fertil Steril 2018.
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adenomyosis arises in the outer part of the uterus disrupting
the serosa but not affecting the JZ (17). Second, it is quite al-
ways associated with deep endometriosis which appears to be
the progenitor of this adenomyosis subtype (17). Third, the
posterior myometrium is the most frequent location in line
with the high frequency of posterior deep endometriosis
(90%) (63, 64). Fourth, anterior external adenomyosis is a
rare event (<8%) associated with the vesico-uterine fold,
bladder involvement or round ligament endometriosis (64).
Finally, external adenomyosis can be isolated or found in as-
sociation with internal adenomyosis or adenomyomas.

On MRI, external adenomyosis is diagnosed as an ill-
defined subserosal posterior or anterior myometrial mass giv-
ing a hypointense signal on T2-weighted MRI. This lesion
often contains high-intensity central cystic areas visible on
T2- and sometimes on T1-weighted MRI (Fig. 4). In the
absence of associated internal adenomyosis, the JZ is not
affected. No specific data have been published to evaluate
the performance of MRI for the diagnosis of external adeno-
myosis, probably because this entity is rarely distinguished
from deep endometriosis.
MR Imaging and Adenomyomas

An adenomyoma is diagnosed as an ill-defined myometrial
mass that is hypointense on T2-weighted MRI. This lesion
always contains high-intensity central cystic areas visible on
T2- and sometimes on T1-weighted MRI (65–67). Neither the
JZ nor the uterine serosa is affected in the presence of an
isolated adenomyoma (17). MRI is accurate in depicting their
location (intramural, submucosal, or subserosal), number,
and potential association with internal adenomyosis or
leiomyomas.

Pitfalls in the diagnosis of adenomyoma include leiomyo-
mas and myometrial contractions. Sustained myometrial
contraction is represented by focal or diffuse sporadic bulging
of the myometrium into the uterine cavity. Uterine contrac-
tions can be differentiated from adenomyoma or leiomyoma
on sequential studies by their transient nature (52).

Cystic adenomyoma is characterized by its predominant
hemorrhage content. On MRI, cystic adenomyomas display
omen. (A) A large low intense ill-defined mass invading bladder wall,
r endometriosis (star) with anterior external adenomyosis (arrows); (B)
(double arrow); and (C) large posterior ill-defined low signal intense
view associated with uterosacral ligament thickening (dotted arrow)
is.
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homogeneously high signal intensity on T1-weighted MRI
(68). The appearance on T2-weighted MRI is variable reflect-
ing hemorrhage in different stages of organization (68). In
addition, fluid-fluid level and low signal rim on T2 are some-
times present (68). In adult women, themain differential diag-
nosis is represented by leiomyoma in red degeneration
histology. Cystic adenomyoma is also sometimes discovered
in young women being responsible of severe chronic pelvic
pain and mimics uterine anomalies (69, 70).

In conclusion, the diagnosis of adenomyosis remains a
major challenge for imaging techniques. Our analysis sug-
gests that MRI is more useful than TVS in the diagnosis of ad-
enomyosis. Further studies are required to evaluate whether
3T MRI could improve performance. From a clinical point of
view, consensus is required to adopt a classification of adeno-
myosis with the aim not only of improving reproducibility but
also the prediction of therapeutic response and prognosis.
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