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Adenomyosis: Definition 

Histological definition: 
 

Presence of endometrial 
glands and/or stoma 

outside the uterine cavity 
 

Author's personal copy

An  update  on  adenomyosis  5

Figure 1. Sonographic signs of adenomyosis: a, b: globular uterus and asymmetric myometrial walls; c: thickening of the interface between
the myometrium and endometrium; d: subendometrial hyperechoic striations.

Figure 2. Pelvic sonogram, axial (a) and sagittal views (b) of the uterus. Significant thickening of the endometrial/myometrial junction
and subendometrial microcysts pointing to diffuse adenomyosis. Thin endometrium (5 mm).

Thickening of  
the interface between  

the myometrium  
and endometrium 

Author's personal copy
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Figure 7. Hysterography: subendometrial adenomyotic spicules and ‘‘Tuba Erecta’’ image.

Figure 8. Deep diffuse adenomyosis on magnetic resonance imaging (sagittal T2-weighted sequence): thickened junctional zone, globular
uterus with regular contours.

It  is  important  to  also  look  for  the  commonly  associated
conditions  on  MRI,  making  use  of  clinical  information:
• adenomyosis  and  leiomyomata  (Fig.  14);
• adenomyosis  and  deep  pelvic  endometriosis  (Figs.  15—17);
• differential  diagnoses:

◦ diffuse  thickening  of  the  JZ  during  menstruation  or  of
hormonal  origin,

◦ myoma:  round,  well-circumscribed,  low  T2  signal
intensity.  MRI  is  more  sensitive  than  sonography  for

Table  2  Standardised  criteria  for  the  positive  diagnosis
of  adenomyosis  on  magnetic  resonance  imaging.

JZ  ≥  12  mm
Max  ratio  >  40—50%
Foci  of  high  T2  signal  intensity  ±  high  T1  FS  signal
intensity

JZ: junctional zone; FS: Fat-Sat.

identifying  adenomyosis  with  concomitant  myomata
[20],

◦ myometrial  contractions:  transient,  wedge-shaped
areas  of  low  T2  signal  intensity,

◦ metastases  (rare):  low  T2  signal  intensity,  with  a glob-
ular  uterus,  primary  breast  or  gastrointestinal  cancer,

◦ cystic  endometrial  hyperplasia,
◦ endometrial  carcinoma:  comparison  with  biopsies  is

required  because  it  can  be  difficult  to  judge  the  depth
of  the  myometrial  invasion  on  MRI  when  there  are
associated  adenomyosis  lesions  (Fig.  18).  An  endometri-
oid  adenocarcinoma  that  extends  into  an  underlying
adenomyosis  is  thought  to  be  more  invasive,  and  the
probable  mechanism  of  this  is  an  increase  in  the  sur-
face  of  the  interface  with  the  adjacent  myometrium.
These  tumours  are  not  only  thought  to  be  likely
to  invade  the  myometrium  to  a  greater  extent,  but
they  also  encourage  invasion  into  the  deepest  half  of
the  myometrium  (>  50%),  and  beyond  this  threshold
there  is  an  increased  risk  of  lymph  node  metastases
[27,28],

MRI 

HSG 

HSP 



Adenomyosis: How is common the disease ? 

TVUS 
N = 985 patients 

Adenomyosis 

206 patients 

20.9% 

95% CI: 18.5 23.6% 

Naftalin et al., Hum Reprod (2012) 

Statistical analysis was performed to examine possible associations
between various demographic and clinical variables and the presence
of adenomyosis using logistic regression. Initially, the individual effect
of each factor upon the outcome was assessed in a series of univariate
analyses. Subsequently, the joint effect of the variables was examined in
a multivariate analysis. Before the multivariate analysis, variance inflation
factors were used to examine the colinearity between the variables.
Statistical analysis was performed using SPSS software (SPSS Inc.,
Chicago, IL, USA). Kappa coefficient was calculated to determine the
level of agreement between ultrasound and histological diagnosis of
adenomyosis.

Ethical approval was sought from and approved by the local research
ethics committee who deemed that, as the ultrasound assessments
were part of standard clinical practice, full ethical review was not
required.

Figure 1 (A) Asymmetrical myometrial thickening. A longitudinal view of an anteverted uterus in which the distance from the endometrium to
anterior serosal surface (thick white line) is much greater than the distance from the endometrium to the posterior serosal surface (thin white
line). (B) Parallel shadowing. A longitudinal view of a retroverted uterus in which parallel hypoechoic lines can be seen running through the anterior
myometrium (yellow s). (C) Linear striations. A transverse view of the uterus showing linear striations seen as thin hyperechoic lines (thin white
arrows) extending from the endometrium into the myometrium. (D) Myometrial cysts. A transverse view of the uterus showing several myometrial
cysts (thin white arrows) seen as anechoic lesions within the myometrium. (E) Hyperechoic islands. A coronal view of a uterus where hyperechoic
islands of tissue are seen in the fundal and lateral portions of the myometrium (thin white arrows). (F) Adenomyomas. A longitudinal view of a retro-
verted uterus showing an adenomyoma in the anterior myometrium (between white arrows). (G) Irregular endometrial–myometrial junction. A
coronal view of a uterus with an irregular endometrial–myometrial junction.

........................................................................................

Table II Primary indications for scan.

n (%)

Menorrhagia 121 (12.3)

Dysmenorrhoea 18 (1.8)

Menorrhagia/dysmenorrhoea 30 (3.0)

Pelvic pain 187 (18.9)

Infertility 129 (13.1)

Irregular bleeding/amenorrhoea 154 (15.6)

Post-menopausal bleeding 80 (8.1)

Other 266 (27.0)

3434 Naftalin et al.
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Asymetrical myometrial thickening:  
 

A longitudinal view of an anteverted uterus in 
which the distance from  the endometrium to 
anterior serosal surface is much greater than 

the distance from the endometrium to the 
posterior serosal surface 



Adenomyosis: Associations between 
demographic and clinical variables 

hysterectomy. The sample sizes were typically very small and they
included mainly women with severe symptoms, who were more
likely to have adenomyosis than asymptomatic women and those
with mild symptoms. In view of this, it is likely that the prevalence
of adenomyosis in these studies was overestimated. Our estimate of
prevalence of adenomyosis is likely to be closer to the true prevalence
in the general population of women. As expected the prevalence of
adenomyosis in our study was less than that in most recent studies
(Weiss et al., 2009; Yeniel et al., 2007; Parazzini et al., 2009). In
order to establish a true prevalence, a screening study involving a
large number of unselected women would be required, but even
then, self-selection of women would provide a source of bias as
those with past or present concerns about their gynaecological
health would be more likely to volunteer for screening. Our estimate
is therefore likely to be slightly higher than the genuine prevalence of
the condition, as we studied symptomatic women attending a gynae-
cology clinic.

The morphological features we used have been described many
times before and there is a wide consensus that they are reliable mor-
phological markers of adenomyosis (Bazot et al., 2001, 2002; Kepkep
et al., 2007; Exacoustos et al., 2011). The specificity of ultrasound diag-
nosis of adenomyosis based on any of these morphological features is
high (Bazot et al., 2001, 2002; Kepkep et al., 2007; Exacoustos et al.,
2011); however, they are not all present in each woman with adeno-
myosis, hence the sensitivity of individual morphological features tends
to be low. In order to overcome this problem, we diagnosed adeno-
myosis when at least one recognized morphological feature of adeno-
myosis could be identified. This approach was designed to optimize
sensitivity of diagnosis without the risk of compromising specificity.
We believe that the good agreement between transvaginal ultrasound
and histology in our study justifies this approach.

Our finding of good agreement between ultrasound and histology
has significant implications for clinical practice. Hysterectomy is
rarely performed in modern practice for benign indications and it is
neither practical nor realistic to use histology as a gold standard in
future clinical studies of adenomyosis. Ultrasound scanning and MRI
are the only non-invasive diagnostic techniques that could be used
to investigate the prevalence of adenomyosis in a population of
women attending outpatient clinics. MRI is much more expensive,

time consuming and less accessible than ultrasound. In addition,
early studies did not demonstrate that MRI provided superior diagnos-
tic accuracy compared with ultrasound (Reinhold et al., 1996). Subse-
quent studies, however, have found that MRI is more accurate than
transvaginal ultrasound in women with enlarged uteri or where
fibroids are present (Bazot et al., 2001; Dueholm et al., 2001), with
limitations in the diagnostic accuracy of transvaginal ultrasound being
found only in women with significantly enlarged uteri (Bazot et al.,
2002). In the last 10 years, the quality of ultrasound imaging has
improved considerably. This has resulted in much improved diagnosis
of many congenital and acquired uterine abnormalities. Diagnosis of
adenomyosis has also significantly improved, and novel and more spe-
cific diagnostic criteria have been introduced (Kepkep et al., 2007). A
more recent review (Dueholm, 2006) concluded that transvaginal
ultrasound should be the primary tool for the diagnosis of adenomyo-
sis, with MRI being used when transvaginal ultrasound is inconclusive
or when large fibroids are present. Furthermore, it is our belief that
the presence of adenomyosis can be detected in most women with
fibroids, except in cases where fibroids occupy most of the uterine
muscle, which is relatively rare. Our finding that the prevalence of ade-
nomyosis in women with concomitant fibroids (22.8%) was higher
than the prevalence of adenomyosis in the whole of the study group
(20.9%) indicates that the presence of fibroids is unlikely to have a sig-
nificant adverse effect on the sensitivity of ultrasound diagnosis.

We found a strong, statistically significant association between ade-
nomyosis and endometriosis. Early descriptions of adenomyosis also
described an association with endometriosis. Indeed, up until the
1920s they were considered to be part of the same entity. One
recent study (Kunz et al., 2005) suggested that adenomyosis and
endometriosis may be different expressions of the same pathological
process, which is caused by abnormal peristaltic activity within the
inner myometrium. Certainly, there is significant overlap in the
symptom complexes of both diseases. A number of studies have con-
firmed an association between adenomyosis and endometriosis (Bird
et al, 1972; Emge, 1962), but many other have not (Kilkku et al.,
1984; Vercellini et al., 1995; Vavilis et al., 1997; Weiss et al., 2009).
A possible explanation for these differences is a tendency to look
for the association between adenomyosis and endometriosis at the
time of hysterectomy. A number of women affected by both adeno-
myosis and endometriosis could have been successfully treated for
endometriosis in the past. As a result they could be free of active
endometriosis at the time of hysterectomy, which would typically
take place sometime later. Furthermore, three of the studies that
found no link between adenomyosis and endometriosis were retro-
spective. There are many potential methodological problems with
retrospective studies, which could lead to under-reporting of endo-
metriosis in study populations. These include the inability to detect
endometriosis on histological examination of the uterus alone and
the risk of under-reporting incidental endometriosis at the time of
surgery and subsequent histological examination, even if the ovaries
and fallopian tubes had been removed at the operation. We tried
to overcome these difficulties by performing a prospective study and
by taking into account both past history of endometriosis confirmed
at diagnostic laparoscopy and objective evidence of endometriosis
on the ultrasound examination.

Increasing age up to the menopause has long been considered a risk
factor for adenomyosis. Molitor (1971) reported that adenomyosis

........................................................................................

Table VI Results of multivariate analysis looking at
associations between demographic and clinical
variables and adenomyosis.

Variable Category/term Odds ratio (95% CI) P-value

Agea Linear term 34.3 (9.9, 118) ,0.001
Squared term 0.70 (0.62, 0.80)

Gravidity 0 1
1 1.83 (1.09, 3.06)
2 2.46 (1.44, 4.30)
3–5 2.66 (1.62, 4.28)
6+ 4.90 (2.57, 9.35) ,0.001

Endometriosis No 1
Yes 4.06 (2.25, 7.33) ,0.001

aOdds ratios given for a 10-unit increase in explanatory variable.

Prevalence of adenomyosis in a gynaecology clinic 3437
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Adenomyosis: Association with menorrhagia 

Naftalin et al., Hum Reprod (2014) 

associated with menorrhagia included fibroids, in particular submucous
fibroids, endometrial polyps, gravidity and BMI. Submucous fibroids
were found to have the strongest association with menorrhagia.

The main strength of our study was that ultrasound rather than hist-
ology was used to diagnose uterine pathology, which helped to reduce

selection bias. This also allowed the inclusion of a relatively large
number of women with a greater range of symptoms and varying
degrees of severity of adenomyosis who are likely, therefore, to be
more representative of the population of women attending gynaecology
clinics. In addition, this was a prospective study with clearly defined inclu-
sion criteria and a standardized approach to the ultrasound examinations
that were all performed by a single highly trained operator using
advanced, modern ultrasound equipment. The use of a subjective assess-
ment of menorrhagia is consistent with recent national guidance (NICE,
2007) for clinicians, while the use of PBACs allowed menstrual loss to be
assessed as a continuous variable, therefore accounting for severity of
menorrhagia. There was a good level of agreement between subjective
and objective assessment of menorrhagia, so we used both methods
to assess the severity of menorrhagia in this study.

There is a lack of consensus in the literature regarding the relationship
between adenomyosis and menorrhagia. This is not surprising bearing in
mind that the majority of studies were retrospective in nature and mainly
included populations of women undergoing hysterectomy.These studies
used differing criteria for the diagnosis of adenomyosis and few of them
attempted to quantify severity of disease. In addition, none of the studies
controlled for the presence of concomitant pathology and their potential
effect on the volume of menstrual loss. Our study has clearly shown that
severity of adenomyosis correlates with the amount of menstrual loss.
The severity of adenomyosis is difficult to express in quantitative terms
as the lesions are often poorly defined and they may be disseminated
throughout different parts of the myometrium. Levgur et al. (2000)
used depth of foci of adenomyosis on histological examination to
assess severity of disease in their retrospective study. While this study
had relatively small numbers and used retrospective case note analysis
to define menorrhagia, it was still able to uncover an association
between severity of adenomyosis and menorrhagia. We think that it is
better to express severity of adenomyosis semi-quantitatively using the
number of different morphological features in an individual woman as
an indirect measure of severity of disease. The recognition that the sever-
ity of a condition is important when assessing clinical impact has already
been adopted in clinical practice when studying the effect of fibroids on

........................................................................................

Table VII Results of univariable analysis looking at
associations between demographic and clinical factors
andthe objectiveassessment ofmenstrual loss (n 5 304).

Variable Category/
term

Ratio (95%CI) P-value

Age
a

Linear term 0.58 (0.30, 1.13) ,0.001
Quadratic term 1.05 (1.00, 1.10)

BMIa – 1.16 (1.01, 1.32) 0.03

Ethnicity Caucasian 1 0.36
Asian 1.18 (0.82, 1.71)
Afro-Caribbean 1.32 (0.95, 1.82)
Oriental 0.97 (0.55, 1.71)
Other 1.39 (0.86, 2.25)

Gravidity 0 1 ,0.001
1 0.69 (0.51, 0.93)
2–3 1.54 (1.13, 2.09)
4+ 1.42 (1.02, 1.97)

Parity 0 1 ,0.001
1 0.93 (0.68, 1.26)
2 2.16 (1.36, 3.43)
3+ 1.57 (1.14, 2.15)

Adenomyosis No 1 0.06
Yes 1.31 (0.99, 1.73)

Any fibroids No 1 ,0.001
Yes 1.70 (1.33, 2.17)

Submucous (SM)
fibroids

No 1 ,0.001
Yes 2.31 (1.64, 3.25)

Fibroids (combined) None 1 ,0.001
Non-SM fibroids 1.35 (1.01, 1.79)
SM fibroids 2.47 (1.74, 3.49)

Polyps No 1 0.01
Yes 1.88 (1.16, 3.04)

aOdds ratios given for 5-unit increase in explanatory variable.

........................................................................................

Table VIII Results of multivariable analysis looking at
associations between demographic and clinical factors
andthe objectiveassessment ofmenstrual loss (n 5 304).

Variable Category Ratio (95% CI) P-value

Gravidity 0 1 ,0.001
1 0.73 (0.55, 0.97)
2–3 1.49 (1.12, 1.99)
4+ 1.55 (1.10, 2.08)

Fibroids (combined) None 1 ,0.001
Non-SMa fibroids 1.33 (1.01, 1.75)
SMa fibroids 2.49 (1.79, 3.48)

Polyps No 1 0.002
Yes 2.02 (1.29, 3.16)

aSubmucous.

Figure 2 The relationship between increasing numbers of ultrasound
features of adenomyosis and objectively assessed menstrual loss by pic-
torial blood loss analysis chart (PBAC; n ¼ 304).

Adenomyosis and menorrhagia 477
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Significant positive correlation between the Nb 
of features of AdOsis at TVUS and the 

objectively assessed menstrual loss by 
pictorial blood loss analysis chart (PBCA) 

Statistical analysis was performed to examine possible associations
between various demographic and clinical variables and the presence
of adenomyosis using logistic regression. Initially, the individual effect
of each factor upon the outcome was assessed in a series of univariate
analyses. Subsequently, the joint effect of the variables was examined in
a multivariate analysis. Before the multivariate analysis, variance inflation
factors were used to examine the colinearity between the variables.
Statistical analysis was performed using SPSS software (SPSS Inc.,
Chicago, IL, USA). Kappa coefficient was calculated to determine the
level of agreement between ultrasound and histological diagnosis of
adenomyosis.

Ethical approval was sought from and approved by the local research
ethics committee who deemed that, as the ultrasound assessments
were part of standard clinical practice, full ethical review was not
required.

Figure 1 (A) Asymmetrical myometrial thickening. A longitudinal view of an anteverted uterus in which the distance from the endometrium to
anterior serosal surface (thick white line) is much greater than the distance from the endometrium to the posterior serosal surface (thin white
line). (B) Parallel shadowing. A longitudinal view of a retroverted uterus in which parallel hypoechoic lines can be seen running through the anterior
myometrium (yellow s). (C) Linear striations. A transverse view of the uterus showing linear striations seen as thin hyperechoic lines (thin white
arrows) extending from the endometrium into the myometrium. (D) Myometrial cysts. A transverse view of the uterus showing several myometrial
cysts (thin white arrows) seen as anechoic lesions within the myometrium. (E) Hyperechoic islands. A coronal view of a uterus where hyperechoic
islands of tissue are seen in the fundal and lateral portions of the myometrium (thin white arrows). (F) Adenomyomas. A longitudinal view of a retro-
verted uterus showing an adenomyoma in the anterior myometrium (between white arrows). (G) Irregular endometrial–myometrial junction. A
coronal view of a uterus with an irregular endometrial–myometrial junction.

........................................................................................

Table II Primary indications for scan.

n (%)

Menorrhagia 121 (12.3)

Dysmenorrhoea 18 (1.8)

Menorrhagia/dysmenorrhoea 30 (3.0)

Pelvic pain 187 (18.9)

Infertility 129 (13.1)

Irregular bleeding/amenorrhoea 154 (15.6)

Post-menopausal bleeding 80 (8.1)

Other 266 (27.0)
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Adenomyosis and Infertility 
Infertile women undergoing IVF / ICSI 

analysis, the common RR varied from 0.67 (95% CI, 0.49–0.91) exclud-
ing the study by Costello et al. (2011), to 0.80 (95% CI, 0.62–1.02) ex-
cluding the study by Maubon et al. (2010). Removal of studies one at a
time from the meta-analysis suggested that the trial by Maubon et al.
(2010) was a source of quantitative variation and that it may have influ-
enced the pooled estimate. In fact, the exclusion of this study reduced
between-study heterogeneity (I2 ¼ 39.7%; P ¼ 0.127).

Only three studies reported the pregnancy rate per cycle (Maubon
et al., 2010; Martı́nez-Conejero et al., 2011; Youm et al., 2011). In the
study by Ballester et al. (2012) some women underwent more than
one cycle, but it was not possible to extrapolate crude numbers in the
subgroups with and without adenomyosis. In four studies (Mijatovic
et al., 2010; Costello et al., 2011; Salim et al., 2012; Thalluri and Tremel-
len, 2012) only one IVF/ICSI cycle was considered. The common RR of
the threestudies reporting pregnancy rate percycle (Maubon et al., 2010;
Martı́nez-Conejero et al., 2011; Youm et al., 2011) was 0.71 (95% CI,
0.51–0.98; I2 ¼ 78.1%, P ¼ 0.010). The RR observed in the study by
Martı́nez-Conejero et al. (2011) with donated oocytes was 0.90 (95%
CI, 0.75–1.08). A funnel plot showed no indication of asymmetry
among studies (Egger’s test, P ¼ 0.291). The common RR of the four
studies reporting only one IVF/ICSI cycle was 0.80 (95% CI, 0.53–
1.20; Supplementary data, Fig. S2).

Implantation rate per cycle with crude numbers relative to gestational
sacs per embryos transferred was reported in three studies (Costello
et al., 2011; Youm et al., 2011; Salim et al., 2012). The RR of implantation
varied from 0.64 (95% CI, 0.31–1.33; Salim et al., 2012) to 0.90 (95% CI,
0.56–1.44; Costello et al., 2011), with absence of heterogeneity among
the studies (I2 ¼ 0.0%, P ¼ 0.718). Pooling of the results adopting a fixed
effects model yielded a common RR of 0.77 (95% CI, 0.63–0.93; Supple-
mentary data, Fig. S3). Two studies reported only percentages without

crude numbers. The implantation rate per cycle in women with and
without adenomyosis was, respectively, 31.0 and 28.2% in the study by
Mijatovic et al. (2010), and 29.6 and 30.8% in the study by Martı́nez-
Conejero et al. (2011).

The number of miscarriages per clinical pregnancy was reported in
seven studies (Chiang et al., 1999; Mijatovic et al., 2010; Costello et al.,
2011; Martı́nez-Conejero et al., 2011; Youm et al., 2011; Salim et al.,
2012; Thalluri and Tremellen, 2012). A miscarriage was observed in
77/241 pregnancies in women with adenomyosis (31.9%) and in 97/
687 in those without adenomyosis (14.1%). The RR of miscarriage
ranged from 0.57 (95% CI, 0.15–2.17; Costello et al., 2011) to 18.00
(95% CI, 4.08–79.47; Salim et al., 2012), with a significant heterogeneity
among the studies (I2 ¼ 67.7%, P ¼ 0.005). Pooling of the results using
the DerSimonian–Laird random-effects model yielded a common RR
of 2.12 (95% CI, 1.20–3.75), suggesting that adenomyosis was asso-
ciated with an increased risk of miscarriage (Fig. 3). The RR in the
study by Martı́nez-Conejero et al. (2011), in which donated oocytes
were used, was similar to the overall estimate (RR, 2.01; 95% CI,
1.29–3.12). The funnel plot showed no indication of asymmetry
among studies (Egger’s test, P ¼ 0.90; Supplementary data, Fig. S4).

At sensitivity analysis, the common RR varied from 1.78 (95% CI,
1.13–2.80) excluding the study by Salim et al. (2012), to 2.53 (95% CI,
1.43–4.48) excluding the study by Mijatovic et al. (2010). Removal of
studies one at a time from the meta-analysis suggested that the trial by
Salim et al. (2012) was a source of quantitative variation and that it
may have influenced the pooled estimate. In fact, the exclusion of this
study reduced between-study heterogeneity (I2 ¼ 49.6%; P ¼ 0.077).

Live birth rate with crude numbers was reported in three studies
(Chiang et al., 1999; Costello et al., 2011; Youm et al., 2011), with a
Mantel–Haenszel pooled RR of 0.70 (95% CI, 0.56–0.87; I2 ¼ 44.2%,

Figure 2 Forest plot showing individual and combined effect size estimates and 95% confidence intervals (CIs) in studies that evaluated the likelihood of
clinical pregnancy in infertile women with or without adenomyosis undergoing IVF/ICSI. Horizontal lines indicate 95% CIs; boxes show the study-specific
weight; diamond represents combined effect size; dashed line indicates the overall estimate.
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P ¼ 0.166; Supplementary data, Fig. S5). Martı́nez-Conejeroet al. (2011)
reported a live birth rate per cycle of 26.8% (88/328) in the adenomyosis
group and of 37.1% (123/331) in the no adenomyosis group. The differ-
ence was statistically significant.

The common RR of clinical pregnancy per patient was 1.05 (95% CI,
0.75–1.48; I2 ¼ 0.0%, P ¼ 0.698) in the two studies in which a long
protocol was adopted (Mijatovic et al., 2010; Costello et al., 2011),
whereas it was 0.58 (95% CI, 0.38–0.88) after pooling data from the
four studies in which a short GnRH agonist down-regulation was used
(Maubon et al., 2010; Youm et al., 2011; Salim et al., 2012; Thalluri and
Tremellen, 2012; I2 ¼ 64.8%, P ¼ 0.036; Fig. 4).

Two studies used MRI for diagnosis (Maubon et al., 2010; Ballester
et al., 2012), with a common RR of clinical pregnancy per patient of
0.40 (95% CI, 0.25–0.64; I2 ¼ 0.0%, P ¼ 0.847). The corresponding
figure after pooling the results of the remaining six studies in which
TVUS was used for diagnosis (Chiang et al., 1999; Mijatovic et al.,
2010; Costello et al., 2011; Youm et al., 2011; Salim et al., 2012; Thalluri
and Tremellen, 2012) was 0.84 (95% CI, 0.68–1.04; I2 ¼ 26.1%, P ¼
0.239; Fig. 5).

We analysed separately prospective and retrospective trials. The
overallRRof clinical pregnancy per patient observed in the four prospect-
ive studies (Chiang et al., 1999; Maubon et al., 2010; Ballester et al., 2012;
Salim et al., 2012) was 0.55 (95% CI, 0.32–0.96; I2 ¼ 54.4%, P ¼ 0.087),
whereas it was 0.84 (95% CI, 0.67–1.06; I2 ¼ 32.0%, P ¼ 0.220) in the
four retrospective ones (Mijatovic et al., 2010; Costello et al., 2011;
Youm et al., 2011; Thalluri and Tremellen, 2012; Fig. 6).

Finally, in a meta-regression model, no association was observed
between prevalence of endometriosis and the likelihood of clinical preg-
nancy. Moreover, when combining the studies by Mijatovic et al. (2010)
and Ballester et al. (2012) in which only women with a concomitant

diagnosis of endometriosis were included, a clinical pregnancy was
achieved after IVF/ICSI in 15/41 (36.6%) women with adenomyosis
and in 58/108 (53.7%) in those without adenomyosis, with a common
RR of 0.65 (95% CI, 0.23–1.84; I2 ¼ 76.3%, P ¼ 0.040). On the other
hand, the findings of the two studies with the lower prevalence of con-
comitant endometriosis (Salim et al., 2012, 8.0%; Thalluri and Tremellen,
2012, 2.3%) still demonstrated a greatly reduced likelihood of clinical
pregnancy after IVF/ICSI in the adenomyosis group (13/57 ¼ 22.8%)
compared with the no-adenomyosis group (186/431 ¼ 43.2%;
common RR, 0.52 (95% CI, 0.32–0.85; I2 ¼ 0.0%, P ¼ 0.908).

Discussion
In the present meta-analysis, adenomyosis was associated with a 28%
(95% CI, 5–45%) reduction in the likelihood of clinical pregnancy in infer-
tile women who underwent IVF/ICSI with autologous oocytes. A similar
detrimental effect was observed when the number of IVF/ICSI cycles
was chosen as denominator (pregnancy rate per cycle). However, the
difference in pregnancy rate between women with or without adeno-
myosis was no longer statistically significant when selecting studies in
which women underwent only one IVF/ICSI cycle. These overall esti-
mates should be considered with caution. Quantitative heterogeneity
among studies was high and, in the general analysis, it was reduced
below the 50% threshold only by excluding the study by Maubon et al.
(2010). However, the upper 95% confidence limit of the resulting
pooled estimate (RR ¼ 0.80) was slightly above unity (1.02).

Considerations on implantation rate are limited by the fact that crude
numbers were reported in only threestudies (Costello et al., 2011; Youm
et al., 2011; Salim et al., 2012), and that the overall estimate is not

Figure 3 Forest plot showing individual and combined effect size estimates and 95% confidence intervals (CIs) in studies that evaluated the risk of mis-
carriage in clinical pregnancies obtained at IVF/ICSI in women with or without adenomyosis. Horizontal lines indicate 95% CIs; boxes show the study-
specific weight; diamond represents combined effect size; dashed line indicates the overall estimate.
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Adenomyosis and pelvic pain 

Lazzeri et al., Reprod Sci (2014) 

histological findings, the use of TVS examination is part of
clinical practice for a noninvasive diagnosis of adenomyo-
sis.8,32,33 Therefore, TVS is low cost and high accurate method
for the diagnosis of adenomyosis, using MRI when transvagi-
nal ultrasound is inconclusive.8

We found in the present study that the incidence of adeno-
myosis in DIE is in the same order with Naftalin et al showing
by TVS a strong association (40%) between adenomyosis and
endometriosis35 and underlying the crucial role of the transva-
ginal examination in the pretherapeutical assessment. In our
study, the TVS diagnosis of adenomyosis was also well corre-
lated with pain and abnormal uterine bleeding, thus supporting
the hypothesis of a possible common pathogenesis and clinics
of the 2 diseases. The most common hypothesis for the patho-
genesis of adenomyosis includes that endometrial stroma, in
direct contact with the underlying myometrium, invaginates
or invades a structurally weakened myometrium during periods
of regeneration, healing, and/or reepithelization.36-38 Mechan-
ical damage to and/or physical disruption of the endometrial–
myometrial interface may be due to dysfunctional uterine
hyperperistalsis and/or dysfunctional contractility of the suben-
dometrial myometrium. Dislocation of basal endometrium also
results in endometriosis through retrograde menstruation.39

The common symptoms and signs associated with adeno-
myosis are dysmenorrhea and dyspareunia.38,40 In our study,
dysmenorrhea and dyspareunia were found significantly higher

Figure 2. Visual analog scale score for dysmenorrhea and dyspareunia before surgery (A) and 3 to 6 months after surgical treatment (B) in
groups A and B; P < .05 was considered statistically significant.

Figure 3. Pictorial blood loss assessment chart score (mean + SD)
before surgery and 3 or 6 months after treatment in groups A and
B; P < .05 was considered statistically significant.
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Adenomyosis: Definition 

Two distinct histologic types: 

-  Diffuse Adosis ++++: The invasion of endometrial glands and/or stroma 
within the myometrium   

-  Focal Adosis or:Adenomyomata: circumscribed tumors made up of 
endometrium and muscle tissue  

Histological definition: 
 

Presence of endometrial 
glands and/or stoma 

outside the uterine cavity 
 



Adenomyosis: TV Sonographic signs 
Globular uterus and asymetrical myometrial thickening  

not caused by the presence of fibroids 

Parallel shadowing 

Linear  
striation 

Myometrial  
cysts 

Millischer - Chapron (2015) 



Adenomyoma: TV Sonographic signs 

Millischer - Chapron (2015) 



Adenomyosis:  MRI 
-  High signal - intensity 

myometrial spots 
 
-  Visible Junctional Zone 

with a threshold value > 
12 mm 

 
-  Presence o f an i l l -

d e f i n e d - l o w - s i g n a l 
i n t e n s i t y  a r e a  o f 
myometrium 

 
-  Ratio ZJ/Myometrium      

> 40% 

Normal Junctional Zone 

Bazot et al., Hum Reprod (2001) 

Combination of these 3 criteria:  
accuracy of 85.5% 

Enlarged  JZ 



MRI: Isolated diffuse adenomyosis 

AE Millischer and C Chapron (2015) 



MRI: Isolated focal adenomyosis 

AE Millischer and C Chapron (2015) 



MRI:  
Associated diffuse and  focal adenomyosis 

AE Millischer and C Chapron (2015) 



Endometriosis: The implantation theory 

 

Sampson JA  AJOG (1927) 

Glands 

Stroma 



Endometriosis: The implantation theory 

 

OMA SUP DIE 

Three phenotypes 
     - SUP: Peritoneal superficial endometriosis 
      - OMA: Ovarian endometrioma  
      - DIE: Deep infiltrating endometriosis 

 



E 
N 
D 
O 
M 
E 
T 
R 
I 
O 
S 
I 
S 

 
A 
D 
E 
N 
O 
M 
Y 
O 
S 
I 
S 

Relationship between  
endometriosis and adenomyosis 



E 
N 
D 
O 
M 
E 
T 
R 
I 
O 
S 
I 
S 

 
A 
D 
E 
N 
O 
M 
Y 
O 
S 
I 
S 

Relationship between  
endometriosis and adenomyosis 

SUP 

DIE 

OMA 



E 
N 
D 
O 
M 
E 
T 
R 
I 
O 
S 
I 
S 

 
A 
D 
E 
N 
O 
M 
Y 
O 
S 
I 
S 

Relationship between  
endometriosis and adenomyosis 

Diffuse 

Focal 
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and 
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Adenomyosis: MRI definition 
 

Junctional Zone (JZ) ≥ 12 mm 
and 

Ratio JZ / Myometrium > 40% 

SUP 

DIE 

OMA 

Diffuse 

Focal 

Diffuse  
and 

Focal 



Relationship between  
endometriosis and adenomyosis 

n = 292 

Controls 
N = 55 

Endometriosis 
N = 237 

SUP    N = 40  

DIE    N = 166  

OMA    N = 31  



Relationship between  
endometriosis and adenomyosis 

n = 292 

ADM - 
N = 117 

ADM + 
N = 175 

Isolated Diffuse    N = 53  

Isolated Focal      N = 74  

Associated D + F  N = 48  



 
Relationship between  

endometriosis and adenomyosis 
 

Patients’ 
phenotype 

                                             
N 

DIFFUSE  
Adenomyosis 

Controls 55 20 (36.4%) 

Endometriosis 237 81  (34.2%) 

p = 0.437 



 
Relationship between  

endometriosis and adenomyosis 
 

Osis patients’ 
phenotype 

                                             
N 

DIFFUSE  
Adenomyosis 

SUP 40 8  (20.0%) 
OMA 31 14 (45.2%) 
DIE 166 59 (35.5%) 

p = 0.068 



 
Relationship between Osis and Diffuse adenomyosis 

 
Patients’ 

phenotype 

                                             
N 

JZ ≥ 12 mm 
 AND  

Ratio > 40% 

                                       
JZ ≥ 12 mm  

OR 
Ratio > 40% 

 

Controls 55 20 (36.4%) 33 (60.0%) 

SUP 40 8  (20.0%) 19 (47.5%) 

OMA 31 14 (45.2%) 20 (64.5%) 

DIE 166 59 (35.5%) 108 (65.1%) 

  

Total  292 101 (34.6%) 180 (61.6%) 



 
Relationship between Osis and Diffuse adenomyosis 

 
Patients’ 

phenotype 

                                             
N 

JZ ≥ 12 mm 
AND  

Ratio > 40% 

                     
JZ ≥ 12 mm  

OR 
Ratio > 40% 

 

JZ ≥ 15 mm  
AND  

Ratio > 40% 

                                   
JZ ≥ 15 mm  

OR 
Ratio > 40% 

 

Controls 55 20 (36.4%) 33 (60.0%) 11 (20.0%) 33 (60.0%) 

SUP 40 8  (20.0%) 19 (47.5%) 3 (7.5%) 19 (47.5%) 

OMA 31 14 (45.2%) 20 (64.5%) 4 (12.9%) 20 (64.5%) 

DIE 166 59 (35.5%) 108 (65.1%) 23 (13.9%) 108 (65.1%) 

  

Total  292 101 (34.6%) 180 (61.6%) 41 (14.0%) 180 (61.6%) 



 
Relationship between  

endometriosis and adenomyosis 
 

Patients’ 
phenotype 

                                             
N DIFFUSE  

Adenomyosis 
FOCAL 

Adenomyosis 

Controls 55 20 (36.4%) 3 (5.4%) 

Endometriosis 237 81  (34.2%) 119 (50.2%) 

p = 0.437 p < 0.001 



 
Relationship between  

endometriosis and adenomyosis 
 

Osis patients’ 
phenotype 

                                             
N 

DIFFUSE  
Adenomyosis 

FOCAL 
Adenomyosis 

SUP 40 8  (20.0%) 3 (7.5%) 
OMA 31 14 (45.2%) 6 (19.3%) 
DIE 166 59 (35.5%) 110 (66.3%) 

p = 0.068 p < 0.001 



Deep endometriosis and adenomyosis 
DIE: n = 166 

Adenomyosis + 
n = 129; 77.7% 

Diffuse Adosis 
n = 59; 35.5% 

Focal Adosis 
n = 110; 66.3% 

Isolated diffuse Adosis 
n = 19; 11.4% 

Isolated focal Adosis 
n = 70; 42.2% 

Associated 
diffuse and  focal Adosis 

n = 40; 24.1% 



Relationship between  
Endometriosis, DIE and MRI diffuse adenomyosis 

 
N 

 
% 

 
N 

 
% 

 
p 

 
Osis 

 

 
81 

 
80.2 

 
156 

 
81.7 

 
0.44 

 
 Diffuse adenomyosis + 

 
(n = 101) 

Diffuse adenomyosis -  
 

(n = 191) 



Relationship between  
Endometriosis, DIE and MRI diffuse adenomyosis 

 
N 

 
% 

 
N 

 
% 

 
p 

 
Osis 

 

 
81 

 
80.2 

 
156 

 
81.7 

 
0.44 

 
DIE 

 
59 

 
58.4 

 
107 

 
56.0 

 
0.40 

 
 Diffuse adenomyosis + 

 
(n = 101) 

Diffuse adenomyosis -  
 

(n = 191) 



Relationship between  
Endometriosis, DIE and MRI focal adenomyosis 

 
N 

 
% 

 
N 

 
% 

 
p 

 
Osis 

 

 
119 

 
97.5 

 
118 

 
69.4 

 
< 0.001 

 
 Focal adenomyosis + 

 
(n = 122) 

Focal adenomyosis -  
 

(n = 170) 



Relationship between  
Endometriosis, DIE and MRI focal adenomyosis 

 
N 

 
% 

 
N 

 
% 

 
p 

 
Osis 

 

 
119 

 
97.5 

 
118 

 
69.4 

 
< 0.001 

 
DIE 

 
110 

 
90.2 

 
56 

 
36.2 

 
< 0.001 

 
 Focal adenomyosis + 

 
(n = 122) 

Focal adenomyosis -  
 

(n = 170) 



 
Relationship between DIE (n =166)  

and MRI adenomyosis appearence 
 

 
r AFS 

 
 

Total 60.3 ± 34.6 21.2 ± 21.8 < 0.0001 
Implants 19.9 ± 15.7 10.3 ±10.1 < 0.0001 

Adhesions 
 

41.8 ± 27.3 10.9 ±16.7 < 0.0001 

Stages III & IV 87 (84.5%) 56 (42.4%) < 0.0001 7.4  
[3.9 - 13.9] 

Posterior Focal  
adenomyosis 

 
(n = 98) 

No posterior focal  
adenomyosis  

 
(n = 68) 

 
p 

 
OR 

(95%CI) 



 
Relationship between DIE (n = 166)  

and MRI adenomyosis appearence 
 

Posterior 
Focal  

adenomyosis 
 

(N = 98) 

No posterior 
focal  

adenomyosis  
 

(n = 68) 

 
p 
 

 
OR [95%CI] 

Mean Nb of DIE lesions 3.8 ± 2.0 2.5 ±1.8 < 0.001 

Nb DIE lesions > 3 (n, %) 52 (53.1) 13 (19.1) < 0.001 4.8 [2.3 - 9.9] 

Intestinal DIE (n, %)  86 (87.8) 37 (54.4) < 0.001 6.0 [2.8 - 13.0] 

Mean Nb of GI DIE lesions 2.1 ± 1.8 1.0  ± 1.5 < 0.001 

Nb GI DIE lesions > 1 (n, %)  50 (51.1) 15  (22.7) < 0.001 3.5 [1.8 - 7.1] 

Nb GI DIE lesions > 2 (n, %)  25 (25.5) 5  (7.6) 0.002 4.2  [1.5 - 11.7] 

Associated OMA (n, %)  52 (53.1) 14  (20.6) < 0.0001 4.4  [2.1 - 8.9] 



Relationship between DIE and adenomyosis 
Risk factors of severity (n = 166) 

 
DIE Ad OR [95% CI]  

Prediction of GI DIE lesions  
        OMA  2.0 [0.8- 4.9]  

        Post Focal ADM 5.5 [2.2 -11.0]  

Prediction of number of GI DIE lesions > 1 
        OMA  3.7 [1.8- 7.5]  

        Post Focal ADM 2.4 [1.2 -5.2]  

Prediction of number of GI DIE lesions >2 
        OMA  1.6 [0.7- 3.8]  

        Post Focal ADM 3.6 [1.3 -10.4]  

Prediction of total number of DIE lesions > 3 
        OMA  2.3 [1.2- 4.7]  

        Post Focal ADM 3.8 [1.8 -8.0]  



 
Relationship between OMA  

and MRI adenomyosis appearence 
 

OMA + 
 

(N=97) 

OMA - 
  

(N=140) 
 

 
p 
 

 
OR 

[95%CI] 

Diffuse adenomyosis (n, %) 42 (43.3%) 39 (27.9%) 0.01 2.1 [1.1 3.4] 

Focal adenomyosis (n, %) 60  (61.9%) 59 (42.1%) 0.002 2.2 [1.3 3.8] 

Associated F and D Adosis (n, %) 24   (24.7%) 22 (15.7%) 0.06 1.8 [1.0-3.4] 

Mean size of Junction Zone (JZ) mm 10.3 ± 4.9 7.9 ± 5.1 <0.001 

% JZ / Myometrium 0.63 ± 0.39 0.48 ± 0.27 0.001 

Mean size of  
posterior focal adenomyosis   

16.2 ± 6.2 14.6 ± 5.1 0.169 
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- Signification of diffuse Adenomyosis ? 
 
- Focal adenomyosis:  - Marker for DIE severity 

     - TVUS diagnosis ? 
 
- Adenomyosis pathogenesis: 2 different entities ? 

   - Diffuse:  Junction Zone 
   - Focal:   Implantation 

 



Diffuse adenomyosis 
Pathogenesis 

Tosti - Chapron (2015) 



Focal adenomyosis 
Pathogenesis 

Tosti - Chapron (2015) 


