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Abstract

Objectives To assess the diagnostic accuracy of a junctional zone (JZ) thickness of > 12 mm and morphological features of the JZ

in MRI in diagnosing adenomyosis in a premenopausal study population.

Methods This single-center, prospective observational study consecutively enrolled 93 premenopausal women suffering from a

benign gynecological condition, from September 2014 to August 2016. Institutional review board approval and written consent

were obtained. All participants underwent MRI and hysterectomy with a histopathological examination. MR images were

evaluated in a blinded fashion by two independent readers. The maximum junctional zone thickness (JZ,,..), presence of

JZ max = 12 mm, and any irregular appearance of the JZ (defined as irregular outer or inner borders, focal thickening, presence

of high-intensity signal foci, or fingerlike indentations at the inner border) were documented, and the diagnostic performance was

evaluated with the AUC, chi-square test, and multiple regression.

Results Adenomyosis was histopathologically confirmed in 57 (61%) of the women. JZ,,x was not positively correlated with

adenomyosis diagnosis (AUC =0.57, p=10.26) and did not differ significantly between those with and without adenomyosis

(10.3 vs 10.1 mm, p = 0.88), nor was a cutoff of JZ,,., > 12 mm (n =30/57 (53%) vs n = 16/36 (44%), p = 0.29). The presence of

an irregular JZ showed the best association with adenomyosis among the evaluated signs (sensitivity 74% (95% CI, 60, 85);

specificity 83% (95% CI, 67, 94) (p <0.001)).

Conclusions JZ,,,,x was not correlated with adenomyosis in the present premenopausal study population, but direct signs of

adenomyosis such as irregularities of the JZ provided a good diagnostic accuracy.

Key Points

* Measuring the junctional zone thickness is of limited value for diagnosing adenomyosis with MRI and should not be used for
diagnosing adenomyosis in premenopausal women with moderate disease severity.

* An irregular appearance of the junctional zone, the presence of myometrial cysts, and adenomyoma appear to provide the
highest specificity for diagnosing adenomyosis.

* A consensus for the definition and reading of the junctional zone is needed.
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Abbreviations

AUC Area under the receiver operating characteristics
curve

ICC  Intraclass correlation coefficient

JZ Junctional zone

MRI  Magnetic resonance imaging

NPV  Negative predictive value

PPV  Positive predictive value
R1 Reader 1
R2 Reader 2

ROC Receiver operating characteristics
TIW  Tl-weighted

T2W  T2-weighted

TSE  Turbo spin echo
Introduction

Adenomyosis is a common condition whose prevalence is
described to be about 20% among women attending a general
gynecological clinic [1]. It is defined by the presence of ec-
topic endometrial tissue located in the muscular wall of the
uterus [2]. The predominant symptoms of adenomyosis are
severe dysmenorrhea and heavy menstrual bleeding, which
cause concomitant diseases such as anemia and reduce the
quality of life [3, 4]. Several recent studies show also wider
implications of this condition, such as a negative impact on
fertility and pregnancy outcome, with, for example, an elevat-
ed risk for miscarriage, preeclampsia, and having a small for
gestational age child [5, 6]. Therefore, it has become a greater
interest to identify younger, fertile women that have
adenomyosis. Magnetic resonance imaging (MRI) and
transvaginal ultrasound play the most important roles in diag-
nosing adenomyosis [7]. Various imaging features of
adenomyosis have been described, such as increased thickness
of the junctional zone (JZ), ill-defined areas of low signal
intensity, or bright foci on T2-weighted images, which repre-
sent foci of heterotopic endometrial tissue [8]. A cutoff of
> 12 mm for the JZ thickness has been previously described as a
key marker of adenomyosis [9-11]. Although adenomyosis is a
frequent clinical challenge, only three studies have investigat-
ed the diagnostic accuracy of MRI compared with the gold
standard which is histopathology; those studies were per-
formed 18-23 years ago [9-11]. A large proportion of the
women included in those studies were elder or postmenopaus-
al, and it is questionable if the diagnostic accuracy of the
obtained diagnostic parameters can be transferred to younger
women. Over the last decades, there has been a continuous
evolvement of MRI techniques on the female pelvis resulting
in faster acquisition with fewer artifacts and higher image
resolution. The main objective of the present study was there-
fore to prospectively determine the diagnostic accuracy of the
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JZ thickness in a premenopausal study population, along with
other diagnostic markers as secondary objectives, using MRI.

Material and methods

This prospective observational study was approved by the
institutional review board and the regional committee for
medical research ethics (approval number 2014/637) and is
registered at www.clinicaltrials.gov (registration number
NCTO02201719). All study participants provided written
consent prior to their inclusion.

Study participants

‘Women that were referred to the Department of Gynecology due
to a benign condition requiring hysterectomy (symptomatic fi-
broids, heavy menstrual bleeding, pain, or a combination of
these) were consecutively enrolled in the study. All women were
examined clinically for inclusion by the first investigator (T.T.)
from September 2014 to August 2016 and a transvaginal ultra-
sound was performed. The results of the ultrasound examination
are reported elsewhere [12]. Inclusion criteria were being aged
30-50 years, having a benign condition, and hysterectomy being
recommended as the appropriate treatment by a gynecologist.
Exclusion criteria were the presence of malignancy, the use of
any hormonal medication 3 months prior to the ultrasound ex-
amination and hysterectomy, or the need to morcellate the uterus
during the hysterectomy. Figure 1 shows the study flowchart.
The baseline characteristics did not differ significantly between
the two study groups, except for the mean age being higher in the
group with adenomyosis (Table 1). The indications for hysterec-
tomy were the following for women with and without
adenomyosis, and more than one indication was often present
at the same time: chronic pelvic pain 25 (44%) and 16 (44%),
dysmenorrhea 46 (81%) and 22 (61%), bulk-related symptoms 8
(14%) and 16 (50%), and heavy menstrual bleeding 46 (81%)
and 23 (64%). “Other therapy” included a levonorgestrel intra-
uterine device (n = 21), embolization (n = 2), or a need for lapa-
roscopic subtotal hysterectomy with morcellation (n=2). The
main exclusion criteria were the use of hormone therapy, wanting
laparoscopic subtotal hysterectomy, or not wanting any therapy.

Magnetic resonance imaging

MRI was performed with a 3-Tesla (T) Philips Ingenia with
dStream anterior and posterior coils, or 1.5-T Philips Achiva
device with a 32-channel cardiac coil (Philips Medical
Systems). On the 3.0-T system, T2-weighted (T2W) turbo
spin echo (TSE) images were acquired in the sagittal plane,
oblique axial plane perpendicular to the long axis of the uter-
ine cavity, and oblique coronal plane parallel to the long axis
of the uterine cavity. T1-weighted (T1W) TSE and TIW fat-
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Fig. 1 Study flowchart. MRI, magnetic resonance imaging

suppressed images were acquired in the oblique axial plane.
On the 1.5-T system, 3D balanced turbo field echo and 3D
T2W were acquired in the axial plane with sagittal and coronal
reformates, TIW TSE with and without fat suppression, and
T2W TSE in the oblique axial plane. The acquisition param-
eters are provided in Supplementary Table 1 (online).
Examinations were performed regardless of the menstrual cy-
cle phase. Patient preparation included fasting for 4 h before
the examination, voiding of the bladder, and administration of

20 mg of butylscopolamine (Buscopan, Sanofi-aventis) intra-
venously and 1 mg of glucagon intramuscularly. In seven
cases, the MRI had already been performed at another institu-
tion and the acquired images were retrieved and reassessed.
When the quality was not satisfying, the MRI was performed
again (two cases). The median time interval between the MRI
was performed and the surgery was 41 days (range, 1—
308 days).

Image interpretation

All images were stored anonymously on the Syngo Imaging
picture archiving and communication system (Siemens
Healthcare). G.M. (reader 1, R1), with 14 years of body
MRI experience and who was blinded for both the sonograph-
ic and histopathological data, performed the reading of all
images. All evaluated features are listed and defined in
Table 2. We defined adenomyosis as being present if one or
more of JZ,,,x > 12 mm, myometrial cysts, or adenomyoma
which are comprehensively described elsewhere were present
[9, 10, 13—-16]. Other features that have been described less
comprehensively previously were also documented and tested
for their diagnostic accuracy [10, 11, 17]. One of the less-
described features is the morphological classification of the
JZ that is introduced here. It is based on previously described
features and modified for MRI (Fig. 2) [10, 18]. There is no
unanimous definition of the JZ in MRI and it is measured in
different ways among radiologists and research groups. In
order to reflect that variation, we therefore introduce different
terms of JZ measurements (JZ,,., and JZ,.. o) that reflect
different measurement practices that we used in our clinical
work and found in the literature 8, 19, 20]. Those are com-
prehensively explained in Table 2 and Fig. 3. R1 repeated the
reading of the predictors JZ,ax, JZmin, and JZg;x 6 months
after the first reading, to enable testing of the intra-reader
agreement of those signs and confirm the reliability of the
results. A second reader (E.V., here R2, with 20 years of body

Table 1 Baseline characteristics
of the study population

Adenomyosis, No adenomyosis, P

n=57 n=36
Age, years 43.5+49 41.2+42 0.01*
Body mass index, kg/m2 259 (16-44) 25.6 (19-34) 0.73
Parity 1414 1512 0.66
Presence of fibroids 33 (58%) 18 (50%) 0.46
Presence of fibroids > 50 mm 4 (7%) 10 (27%) 0.03%*
Number of histopathological sections obtained from the 8.6£2.5 8.6+£2.7 0.68

corpus uteri

Adenomyosis/no adenomyosis confirmed by histopathology. Data are mean =+ standard deviation, n (%), or
median (range) values. *p was determined using Student’s ¢ test or the Mann-Whitney U test; a value <0.05

was considered statistically significant
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Table 2 Definition of predictors
for the diagnosis of adenomyosis
and other documented features

MRI experience) also assessed the main outcomes (JZ,ax,
JZ iy V45, IZmax-a, morphological JZ classification) in or-
der to allow the evaluation of the inter-reader agreement of

Fig. 2 Classification of the
junctional zone (JZ) 1: Regular
JZ. The inner and outer borders of
the JZ are linear and satisfyingly
defined. (1a) thin JZ. (1b) regu-
larly enlarged JZ. 2: JZ not visible
or not assessable. (2a) Due to
motion artifacts. (2b) Due to fi-
broids or large areas of
adenomyosis. 3: Irregular, delin-
eated JZ. If one or multiple of the
following findings are present,
and not caused by fibroids: (3a)
JZ shows disruption by high-
intensity foci (cysts), (3b) finger-
like indentations at the
endometrial-myometrial junction,
and (3¢) focal thickening of the
JZ, not representing a contraction

@ Springer

Definition

Signs used for diagnosing
adenomyosis
JZ pax > 12 mm ?

Myometrial cysts

Adenomyoma
Other documented features
szax

IZ in

JZ iz

JZ vax-a

Appearance of the JZ

JZ-to-myometrial
thickness ratio

Globular uterine shape

Number of fibroids
Size of largest fibroid

JZ is a low-intensity band in T2W MRI of the inner myometrium, lining
the endometrial cavity. JZ > 12 mm, measured in any plane, including
focal enlargement, and not including adjacent focal adenomyoma
(definition see below) or diffuse adenomyosisb

High-intensity foci in the myometrium or subendometrial area, as seen
in T2ZW or T1W imaging (hemorrhagic content)

[1l-defined focal, low-intensity areas with or without high-intensity foci

Thickest part of the JZ, measured in the midsagittal and axial plane
perpendicular to the endometrial cavity, in millimeters

Thinnest part of the visible JZ, measured in the midsagittal and axial
plane perpendicular to the endometrial cavity, in millimeters

JZ i is calculated as JZ,,.x (ail planes) — JZmin (all planes)» and represents irregular-
ities of the JZ

JZ measurement including all low-intensity signal areas representing diffuse
or circumscribed adenomyosis, attached to the JZ (see also Fig. 3)

Subjective impression of the JZ morphology being regular or irregular, not
assessable or not visible (see Fig. 2).

Using JZ,,.x in the midcorporal area (sagittal and axial) and the corresponding
thickness of the myometrium obtained at the same measurement level. Only
assessable when no fibroids distort the wall

Subjective impression of the corpus uteri being round and caused by smooth
muscular hypertrophy resulting in a globular uterine shape, not due to
fibroids.

Fibroids, which appear as well-circumscribed uterine masses

Largest diameter (in millimeters)

 Primary outcome measure; JZ, junctional zone; MRI, magnetic resonance imaging; T/ W, T1-weighted; 72W, T2-

weighted

3a

those signs. The readings were performed independently on
two different image sets, blinded to the clinical, sonographic,
and histopathological data.

2a 2b

3b 3c
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Fig. 3 Different methods used to
define and measure the maximal
thickness of the junctional zone
(JZ). T2-weighted TSE MR im-
ages of the uterus. a The JZ is well
defined and measured orthogonal
to the cavity (line). b The JZ is
enlarged in the posterior wall
(JZax) and thin in the anterior
wall (JZ,;n). ¢ Thin and visible JZ
(line) and an area of adenomyosis
growing toward the JZ (dotted
arrows). Asterisk symbol indi-
cates fibroids. d The JZ is only
visible in the isthmic part of the
posterior wall (line); the other
parts are replaced by
adenomyosis. We introduce the
term “JZax.a” (dotted line) to
discriminate this way of measur-
ing from our definition of the JZ
that does not include
adenomyosis (a—¢)

Reference standard

A positive outcome was defined as histopathologically
confirmed adenomyosis. The pathological examination
was performed in a standardized manner, cutting the fix-
ated uterus in axial sections of 5—10-mm-thick slices.
Microscopic sections were obtained based on instruc-
tions from the first investigator, covering areas of the
hysterectomy specimen that appeared suspicious in the
gross examination, where MRI had shown signs of
adenomyosis, and/or randomly from at least every sec-
ond slice in order to include all areas of the corpus [2].
The pathologist had no access to the imaging data. Two
senior pathologists performed the microscopic histopath-
ological analysis and made the final diagnosis. The pres-
ence of ectopic endometrial glands and stroma at
2.5 mm below the endometrial-myometrial junction was
defined as adenomyosis [21].

Sample size and statistical analysis

The required sample size was derived based on the concept for
range of confidence interval (CI) for specificity and sensitivity
for the main predictor (maximum junctional zone thickness
(JZ 1ax) > 12 mm). Using a CI of 95% with a width of 0.2 and a

test sensitivity and specificity of 75%, the nomogram showed
that at least 73 study participants were required [22].

We used the Shapiro-Wilk test to test the normality of
our samples. The proportions for categorical variables
were compared with the chi-square test or Fisher’s exact
test. The sensitivity, specificity, accuracy, negative predic-
tive value (NPV), and positive predictive value (PPV) were
calculated. Numerical variables were analyzed using
Student’s ¢ test or the Mann-Whitney U test. The receiver
operating characteristics (ROC) curve and the area under
the receiver operating characteristics curve (AUC) were
used to identify linear variables that were significantly as-
sociated with the analyzed outcome. Multivariate linear
regression was used to identify independent imaging pre-
dictors of adenomyosis. The simple pairwise Cohen k sta-
tistic was used to measure the inter-reader agreement for
categorical response imaging features, whereas the
intraclass correlation coefficient (ICC) was used to assess
the level of agreement for numerical response features. The
k and ICC values were categorized as follows: 0-0.20,
slight agreement; 0.21-0.40, fair agreement; 0.41-0.60,
moderate agreement; 0.61-0.80, substantial agreement;
and 0.81-1, almost perfect agreement [23]. Statistical anal-
ysis was performed using IBM SPSS Statistics (version 25,
IBM Corporation), and a probability value of p <0.05 was
considered statistically significant.
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Results

JZ hax = 12 mm was not significantly associated with having
adenomyosis, and the frequency of a JZ.x > 12 mm was
similar in the groups with and without adenomyosis (n =30/
57 (53%) vs n=16/36 (44%), p = 0.29). This was the case for
both readers and each reading (individual results in Tables 3
and 4). Myometrial cysts and adenomyoma were the signs
with the highest specificities; the detailed results of their diag-
nostic performance are listed in Table 3.

Combining the primary diagnostic markers JZ,,,, > 12 mm,
myometrial cysts and adenomyoma, resulted in 41/57 (72%)
true-positive, 12/36 (33%) false-positive, 19/36 (53%) true-
negative, and 13/57 (23%) false-negative cases, and 8/93
(9%) cases being undetermined. The combined test quality
when accounting for the undetermined cases as being respec-
tively positive or negative could be quantified as follows (with
95% CI values in brackets): sensitivity of 77% (64, 87%) and
72% (59, 83%), specificity of 53% (36, 70%) and 67% (49,
81%), PPV of 72% (64, 79%) and 77% (68, 81%), NPV of

Fig. 4 False-positive and false-negative cases with a regular junctional
zone (JZ) and JZ thickness > 12 mm. T2-weighted TSE MR images of the
uterus. The presence of adenomyosis was determined by histopathology.
Cases 1A—C are false-positive when using a cutoft of JZ >12 mm as
diagnostic marker, but true-negative with pattern recognition of the JZ
morphology (regular JZ). Case 2 (all images below), JZ 12 mm. The JZ
was falsely classified as regular because the irregularity in the true axial
plane of the uterus was misinterpreted as a uterine contraction (image

@ Springer

59% (45, 72%) and 60% (48, 70%), and accuracy of 68% (57,
77%) and 70% (60, 79%) (all p <0.001).

The criterion of JZ,,x > 12 mm was present in all false-
positive cases and in 7/12 (58 %) as the sole predictor. Figure 4
illustrates the examples of false-positive cases with JZ .«
>12 mm. In 3/12 (25%) of the false-positive cases, a single
myometrial cyst was seen and interpreted as adenomyosis,
and in 2/12 (17%) of the false-positive cases, fibroids with
diffuse borders were interpreted as adenomyoma. Six of the
seven false-negative cases (86%) showed JZ,,,.x < 12 mm as a
predictor. JZ,,.. was not correlated with the diagnosis of
adenomyosis (AUC =0.6; 95% CI, 0.48, 0.72; p=0.11).
JZ 45 showed an almost statistically significant association in
this reading (AUC = 0.62; 95% CI, 0.50, 0.74; p = 0.06). With
a cutoff of JZ ;7> 5.5 mm, a sensitivity of 53% and specificity
of 75% were reached when using this as a categorical variable.
We found a weak correlation with a positive outcome for the
JZ nax-a and adenomyosis (AUC = 0.68; 95% CI=0.57, 0.80;
p<0.001). The JZ-to-myometrial thickness ratio was not sta-
tistically significant associated with adenomyosis (AUC =

D

2 axi (on uterué)

cross-reference is indicated with the red, stippled line in the sagittal plane
of the uterus, where the focal thickening is not visible). Histopathology
showed adenomyosis in that area, visible in the gross examination, illus-
trated on the lower-right pictures. A 5-7-mm-thick axial sections of the
formalin-fixed hysterectomy specimen, slice 4 (blue box, enlarged be-
low), contained a focus of adenomyosis (blue ring) that corresponds to
the irregularity of the JZ as seen on the true axial image in MRI
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Fig. 5 Cases with an irregular
junctional zone (JZ), true-positive
and false-positive. T2-weighted
TSE MR images of the uterus, all
in sagittal plane. The presence of
adenomyosis was determined by
histopathology. 1: The JZ is not
visible in the fundus and thin
(max. 6mm) in the visible parts.
Finger-like invasion of
adenomyosis to the myometrium
(arrows) visible. True positive di-
agnosis 2: High-intensity signals
on the inner border (arrows)
representing infiltration of
adenomyosis that interrupts the
JZ. The outer border of the JZ
(stippled line) should not be con-
fused with the low-intensity sig-
nal from the stratum vasculare.
True-positive diagnosis. 3: The JZ
(line) is thickened (14mm) in the
posterior wall and thin in the an-
terior wall, where also a high-
signal focus can be seen (arrow).
True positive diagnosis 4: Uterus
with a large fibroid in the posteri-
or wall (marked with an asterisk).
Focal thickening to 14 mm of the
JZ in the anterior wall

(arrow) represented a small fi-
broid but was falsely classified as
JZ irregularity due to its diffuse
demarcation. False-positive
diagnosis

0.54; 95% C1, 0.40, 0.69%; p = 0.54). The diagnostic perfor-
mance of the other documented features is presented in
Table 3, and the number and size of fibroids are presented in
Table 1.

JZ morphology

The presence of an interrupted and/or irregular JZ was strong-
ly correlated with having adenomyosis, while a regular JZ was
strongly correlated with not having adenomyosis (both
p<0.001, detailed diagnostic performance in Table 3).
Figure 2 illustrates the categories of JZ, while Figs. 4 and 5
depict MR images of regular and irregular JZ. The JZ was
sufficiently well depicted in 91/93 (98%) of cases; in the re-
maining 2 cases, it was not assessable due to motion artifacts.

In the multiple linear regression analysis, only the presence
of an irregular JZ (3 =0.16, p =0.006) and myometrial cysts
(3 =0.18, p=0.005) showed an independent association with
having adenomyosis. The choice of MRI system did not in-
fluence the results.

Intra- and inter-reader agreement

There was a substantial intra-reader agreement in the mea-
sured JZ,.x values (first and second readings performed by
R1), with an ICC of 0.75 (95% CI, 0.59, 0.84; p <0.001). The
inter-reader agreements were almost perfect for the measured
values of JZ,,,« (ICC=0.81; 95% CI, 0.70, 0.87; p<0.001)
and JZ,.x.a ICC=0.95; 95% CI, 0.93, 0.97; p < 0.001), and
substantial for JZg4;s (ICC=0.73; 95% CI, 0.59, 0.83;
p<0.001). The inter-reader agreement for the classification
of the JZ was almost perfect (k =0.89; 95% CI, 0.78, 0.97).

Discussion

In this prospective, single-center study, adenomyosis was not
correlated with JZ,,,, or the previously proposed JZ,,., cutoff
of 12 mm, which is contrary to previously published prospec-
tive studies [9—11]. A diagnose of adenomyosis based on these
JZ measurements contributed to a high number of false-
positive and false-negative diagnoses in our study population.
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There are several possible explanations for why our results
differ from those of previous studies. Firstly, the mean age of
our study participants was lower (42 years vs 51 years), and it
is known that adenomyosis progresses over time and hence
could have been more extensive in the previous studies.
Secondly, Reinhold and Bazot also included a large propor-
tion of postmenopausal women in their study (31-55%), and it
is questionable whether diagnostic characteristics of the
hormone-dependent JZ are transferable between pre- and
postmenopausal populations [9, 11].

Thirdly, we measured the JZ in accordance with our usual
clinical practices, since there is neither a unanimous classifi-
cation of adenomyosis nor a clear definition of the JZ; the
main reason for that is most likely that the JZ has the same
signal intensity as adenomyosis and that it is not visible in
histopathology [7, 24]. It is not ultimately clear how the JZ
was defined in other studies.

We find using JZ thickness measurements that included all
low-intensity areas, also those representing diffuse or
circumscribed adenomyosis that are in connection with the
JZ (JZnax-a) problematic for several reasons. In those cases,
the presence of adenomyosis is usually obvious and therefore
performing a measurement does not add any diagnostic value.
If JZ ax-a 1s measured in a study population with extensive
disease, a statistically significant association with
adenomyosis is likely to be found. However, this association
might not be equally meaningful for individual evaluation and
in clinical practice, especially not in younger women of child-
bearing age and less extensive disease [25]. The interest in
adenomyosis has shifted toward younger, infertile women
and defining dedicated diagnostic markers for this group is
of great importance. Bazot and Darai have recently stated that
“In our experience, the JZ,,,x alone should be used with cau-
tion to diagnose internal adenomyosis.” This is in line with the
conclusion of all the authors of comparable studies, who all
state that other signs in addition to JZ measurements have to
be considered [7, 9—11].

We introduce a classification of the JZ that reflects different
kinds of JZ irregularities based on pattern recognition. This
classification showed an almost perfect inter-reader agree-
ment. Combined with signs of adenomyosis of the outer
myometrium (adenomyoma and myometrial cysts), we
yielded a sensitivity of 81% and specificity of 81%, which
are comparable to the performance of various combined
markers in previous studies with sensitivities of 86%, 77%,
and 64% and specificities of 86%, 93%, and 88% [9—11]. The
sensitivity in our study was higher than in two of the others,
probably because our MR images were obtained from thinner
slices (1 to 3 mm thick, with a gap of 0.5 to 0.3 mm, vs 4 mm
and a gap of 2 mm).

Our study was subject to some limitations. The post hoc
decision for the second read might have influenced the results
of the second reading, though a high intra- and inter-reader
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correlation shows the consistency of the readings. Like all
studies involving hysterectomy with histopathology as the
gold standard in diagnosing adenomyosis as an outcome, a
selection bias is likely to have been present. Women that un-
dergo hysterectomy might have more-severe disease and pos-
sibly different phenotypes of adenomyosis than women re-
ceiving conservative treatment. Furthermore, the MRI images
were obtained during random phases of the menstrual cycle.
There is conflicting evidence on the extent to which this is
relevant, but it might have affected the measurements [7, 26].
Also, we did not exclude cases due to a certain time interval
between MRI and surgery. One might argue that the progres-
sion of the disease might influence the results, but that would
result in false-negative cases among those with a long time
gap between imaging and surgery. In our data, the false-
negative cases all show a time interval of under 3 months,
with one exception, where a well-circumscribed adenomyoma
was interpreted as a fibroid. As this study does not quantify
the amount of adenomyosis found, we consider also longer
time gaps as acceptable.

One major strength of our study is the performing of very
thorough histopathological examinations, which aimed at
achieving a high diagnostic sensitivity and also most likely
resulted in the prevalence of adenomyosis being much higher
(61%) than in other studies (21-33%). The clinical implica-
tions of very small adenomyosis, foci that might be detected
only by a thorough histological, is not clear. However, in a
study of diagnostic accuracy like the present, we think that a
very thorough diagnosis is imperative and the clinical rele-
vance of small findings needs to be determined in other stud-
ies. Another strength is that we used two independent readers
who exhibited extremely high inter-reader agreement.
Furthermore, we did not exclude patients with fibroids, since
fibroids often coexist with adenomyosis and the exclusion
might lead to an exaggeration of diagnostic performance of
some predictors.

Conclusions

The irregular appearance of the junctional zone and the pres-
ence of myometrial cysts are independent predictors of
adenomyosis. Measurements of the JZ had no statistically
significant association with the presence of adenomyosis in
our study population. JZ measurements are not validated for
a young patient population with moderate disease and should
therefore be used with caution.
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