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GENERAL MESSAGES OF THIS THESIS: 
- Adenomyosis can be reliably diagnosed on MRI when 

additionally taking clinical symptoms into account 
- Adenomyosis disrupts uterine contractile function which may 

explain worse fertility and obstetric outcomes 
- Adenomyosis is a subtype of endometriosis and functions as 

part of a spectrum of the same disease  
- Severe adenomyosis in combination with endometriosis is 

associated with worse fertility outcomes 
- Adenomyosis is associated with a higher risk of adverse 

obstetric outcomes   



Summary and Introduction
PART I
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SUMMARY:  
 
Adenomyosis is a common and potentially debilitating benign gynaecological 
condition characterised by the infiltration of endometrial tissue and stroma 
into the uterine myometrium. Associated symptoms are dysmenorrhoea, heavy 
menstrual bleeding, and subfertility, which can greatly impact quality of life. 
Adenomyosis often occurs in conjunction with endometriosis and is considered 
part of the spectrum of the same disease. The reported prevalence of 
adenomyosis is still uncertain, with estimates ranging from as low as 5% up to 
85%. The lack of uniform diagnostic criteria for adenomyosis, and the fact 
that up to a third of women are asymptomatic (or do not present themselves 
to a clinician), exacerbates this problem.  
 
Historically, adenomyosis was only diagnosed on histopathology after 
hysterectomy at the end of a woman’s fertile phase of life. However, modern 
advances in non-invasive imaging have shown that adenomyosis is present in 
younger nulliparous women. With this knowledge, adenomyosis is being 
linked not only to clinical symptoms, but also to infertility and obstetric 
complications. Non-invasive and accurate diagnosis, along with clarity into the 
impact adenomyosis has on fertility and pregnancy, is thus crucial. Hence, we 
assessed the effect of adenomyosis on uterine contractile and reproductive 
function, starting with an exploration into its non-invasive diagnosis by way of 
MRI, and ending with its influence on fertility and obstetric outcomes. 
 
First, we conducted a literature study on the existing MRI-based diagnostic 
criteria for adenomyosis and carried out a meta-analysis into their reported 
diagnostic accuracy. We surmised that whilst a wide variety of MRI-based 
parameters have been used and reported, no uniformly applied criteria exist. 
Moreover, the individual diagnostic accuracy of each parameter is unclear. 
Based on the criteria described in the literature, we developed a multivariate 
diagnostic predictive tool for adenomyosis diagnosis using a retrospective 
cohort of patients with histologically confirmed adenomyosis. We also were 
able to validate this method using an external patient cohort.  
 
One promising element of MRI-based diagnosis parameter is the uterine 
anatomical ‘junctional zone’, which coordinates rhythmic uterine contractions, 
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or peristalsis. Previous research has suggested that abnormal uterine 
contractility affects fertility, and may thus represent a causal link between 
adenomyosis and infertility. Therefore, we introduced a novel quantitative 
speckle-tracking method on trans-vaginal ultrasound for the quantitative 
analysis of the uterine contractile function and investigated its potential to 
predict the success of in-vitro fertilisation (IVF) treatment. We then suggested a 
set of reference values for normal uterine contractile function in a prospective 
cohort of healthy women using this dedicated speckle tracking algorithm. 
Next, we investigated existing literature for the reported effect that uterine 
abnormalities (including adenomyosis, leiomyomas and congenital uterine 
anomalies) have on uterine contractile function. We found that whilst 
knowledge is scarce, uterine contractile behaviour seems to be affected by 
uterine pathology. Finally, uterine contractility features of healthy women 
were compared to women with adenomyosis. We observed significant 
differences in uterine contractility across the menstrual cycle between women 
with adenomyosis versus those without.  
 
To explore if fertility outcomes are significantly affected in women with 
adenomyosis, we investigated IVF/ICSI (intra-cytoplasmatic sperm injection) 
outcomes of a retrospective cohort of patients with MRI-diagnosed 
adenomyosis, endometriosis or both, compared to matched male infertility 
controls. We found that women with both adenomyosis and endometriosis 
have significantly fewer live births compared to the control group. We further 
report that adenomyosis patients with following characteristics have worse 
IVF/ICSI outcomes compared to male infertility controls: combined 
endometriosis, a larger (relative) junctional zone, and the presence of 
myometrial cysts.  
 
Finally, we investigated if the presence of adenomyosis was associated with 
adverse obstetric outcomes. To do so, we carried out a retrospective analysis 
of Dutch population-level data looking at obstetric outcomes in women with 
histologically diagnosed adenomyosis over a period of 23 years. Women 
with proven adenomyosis demonstrated a higher prevalence of a wide range 
of adverse obstetric outcomes including: hypertensive disorders, a higher rate 
of caesarean sections, more small-for-gestational-age children and failure to 
progress in labour.  
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Overall, we show that adenomyosis can be reliably diagnosed non-invasively 
on MRI using a variety of parameters, and confirm its effect on the whole 
spectrum of uterine (reproductive) function.  
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Nederlandse Samenvatting 
Adenomyose is een veel voorkomende en vaak  invaliderende goedaardige 
gynaecologische aandoening. Het wordt gekenmerkt door infiltratie van 
endometriumweefsel en stroma in het myometrium van de baarmoeder. 
Geassocieerde symptomen zijn: dysmenorroe, hevige menstrueel bloedverlies 
en onvruchtbaarheid, die allen de kwaliteit van leven sterk kunnen 
beïnvloeden. Adenomyose komt vaak voor in combinatie met endometriose 
en wordt vaak  beschouwd als onderdeel van het spectrum van dezelfde 
ziekte. De gerapporteerde prevalentie van adenomyose is nog steeds 
onzeker, met schattingen variërend van zo laag als 5% tot zelfs 85%. Het 
gebrek aan uniforme diagnostische criteria voor adenomyose, en het feit dat 
tot een derde van de vrouwen mogelijk asymptomatisch is (of zich niet meldt 
bij een arts), verergert dit probleem.  
 
Historisch gezien werd adenomyose alleen gediagnosticeerd op 
histopathologie na hysterectomie aan het einde van de vruchtbare levensfase 
van een vrouw. Moderne ontwikkelingen op het gebied van niet-invasieve 
beeldvorming hebben echter aangetoond dat adenomyose ook aanwezig is 
bij jongere vrouwen. Met deze kennis wordt adenomyose niet alleen in 
verband gebracht met klinische symptomen zoals pijn en hevig bloedverlies, 
maar ook met onvruchtbaarheid en obstetrische complicaties. Niet-invasieve 
en nauwkeurige diagnose, samen met duidelijkheid over de impact die 
adenomyose heeft op vruchtbaarheid en zwangerschap, is dus cruciaal. 
Daarom onderzochten we het effect van adenomyose op de contractiele en 
reproductieve functie van de uterus, beginnend met een verkenning van de 
niet-invasieve diagnose door middel van MRI, en eindigend met de mogelijke 
invloed op vruchtbaarheid en obstetrische uitkomsten. 
 
Allereerst hebben we een literatuurstudie uitgevoerd naar de bestaande (op 
MRI gebaseerde) diagnostische criteria voor adenomyose en een meta-
analyse uitgevoerd naar hun gerapporteerde diagnostische nauwkeurigheid. 
We stelden vast dat er weliswaar een grote verscheidenheid aan MRI-
gebaseerde parameters is gebruikt en gerapporteerd, maar dat er geen 
uniform toegepaste criteria bestaan. Bovendien is de individuele diagnostische 
nauwkeurigheid van elke parameter onduidelijk. Op basis van de in de 
literatuur beschreven criteria ontwikkelden we vervolgens een multivariaat 
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diagnostisch predictie model voor de diagnose van adenomyose met behulp 
van een retrospectief cohort van patiënten met histologisch bevestigde 
adenomyose. We konden dit model tevens extern valideren met behulp van 
een apart patiënten cohort.  
 
Een veelbelovend diagnostische parameter op basis van MRI is de 
anatomische 'junctionele zone' van de baarmoeder, die de ritmische 
samentrekkingen van de baarmoeder, of peristaltiek, coördineert. Eerder 
onderzoek heeft suggereert dat abnormale contractiliteit van de baarmoeder 
de vruchtbaarheid beïnvloedt en dus een oorzakelijk verband kan vormen 
tussen adenomyose en onvruchtbaarheid. Daarom introduceerden we een 
nieuwe kwantitatieve speckle-tracking methode op transvaginale echografie 
voor de kwantitatieve analyse van de contractiliteit van de baarmoeder. We 
onderzochten we het potentieel van een nieuwe kwantitatieve speckle-tracking 
methode op transvaginale echografie om het succes van in-vitrofertilisatie 
(IVF) behandelsucces te voorspellen. We hebben daarbij een reeks 
referentiewaarden voorgesteld voor normale baarmoeder contractiliteit in een 
prospectief cohort van gezonde vrouwen met behulp van dit speckle tracking-
algoritme. Vervolgens hebben we de bestaande literatuur onderzocht op het 
gerapporteerde effect dat afwijkingen aan de baarmoeder (waaronder 
adenomyose, leiomyomen en aangeboren baarmoederafwijkingen) hebben 
op de contractiele functie van de baarmoeder. Tot slot werden kenmerken 
van de uteruscontractiliteit van gezonde vrouwen vergeleken met die van 
vrouwen met adenomyose. We zagen significante verschillen in 
uteruscontractiliteit tijdens de menstruatiecyclus tussen vrouwen met 
adenomyose en vrouwen zonder adenomyose.  
 
Om te onderzoeken of vruchtbaarheidsuitkomsten daadwerkelijk significant 
worden beïnvloed bij vrouwen met adenomyose, onderzochten we IVF/ICSI 
(intracytoplasmatische sperma-injectie) uitkomsten van een retrospectief cohort 
van patiënten. Deze patiënten hadden MRI-gediagnosticeerde adenomyose, 
endometriose of beide, en vergeleken deze met gematchte controle met 
mannelijke onvruchtbaarheid. We vonden dat vrouwen met zowel 
adenomyose als endometriose significant minder levendgeborenen hadden in 
vergelijking met de gezonde controlegroep van veronderstelde normale 
vrouwen. Vervolgens werden individuele MRI-kenmerken van adenomyose bij 
IVF/ICSI-patiënten in verband gebracht met de IVF/ICSI-uitkomsten. We 
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rapporteren dat adenomyose patiënten met de volgende kenmerken slechtere 
IVF/ICSI-uitkomsten hebben in vergelijking met mannelijke 
onvruchtbaarheidscontroles: gecombineerde endometriose, een (relatief) 
grotere junctionele zone, en de aanwezigheid van myometriale 
adenomyotische cysten.  
 
Tot slot onderzochten we of de aanwezigheid van adenomyose geassocieerd 
was met ongunstigere obstetrische uitkomsten. Het aanwezig zijn van 
afwijkend spierweefsel van de baarmoeder zou immers ook effect op de 
zwangerschap en de bevalling kunnen hebben. Hiertoe voerden we een 
retrospectieve analyse uit van gegevens op Nederlands populatieniveau 
waarbij we keken naar obstetrische uitkomsten bij vrouwen met histologisch 
gediagnosticeerde adenomyose over een periode van 23 jaar. Vrouwen met 
bewezen adenomyose vertoonden een hogere prevalentie van een breed 
scala aan ongunstige obstetrische uitkomsten, waaronder: hypertensieve 
aandoeningen, een hoger percentage keizersneden, meer kleine kinderen 
voor de zwangerschapsduur en een langere duur van de bevalling.  
 
Over het geheel genomen laten we zien dat adenomyose betrouwbaar op 
MRI beelden gediagnosticeerd kan worden aan de hand van verschillende 
parameters, en bevestigen we het negatieve effect van adenomyose op het 
hele spectrum van de baarmoeder(voortplantings)functie.  



CHAPTER 1:
General Introduction
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General Introduction to Adenomyosis  
Adenomyosis is a prevalent and potentially debilitating benign 
gynaecological condition characterised by the infiltration of endometrial tissue 
and stroma into the uterine myometrium. The most commonly associated 
symptoms are dysmenorrhoea, heavy menstrual bleeding, and subfertility, 
which can greatly impact quality of life (1,2). The prevalence of adenomyosis 
as a whole remains unknown and debated, ranging from estimates as low as 
5% (3) to as high as 85% (4). This uncertainty stems for a large part from the 
fact that there exists no consensus on the diagnostic criteria of adenomyosis, 
and that up to a third of women with adenomyosis are asymptomatic and/or 
may never present themselves to a clinician (5–7). It is thought that 
adenomyosis originates in the so-called ‘junctional zone’ (JZ) between the 
endometrial and myometrial layer of the uterus (see Figure 1.1), where 
subsequent thickening and irregularity of the JZ characterises adenomyosis. 
The identification and evaluation of the JZ hence plays a crucial role in the 
diagnosis and recognition of adenomyosis. 
Whilst it is commonly accepted that irregularities in the JZ are indicative of 
adenomyosis, the exact pathophysiological mechanisms behind the disease 
are still open to discussion. Generally speaking, there are three theories as to 
the aetiology of adenomyosis: 

- De novo metaplasia of Mullerian remnants in the myometrium 
- Tissue injury and active repair (8–10), whereby chronic (micro-) 

trauma to the JZ and endometrium leads to invagination of 
endometrium into the myometrium, e.g. due to uterine surgery for 
example 

- ‘From outside to inside’ invasion of endometriosis cells into the uterine 
myometrium (11,12) 

 
Adenomyosis Subtypes and Classifications: 
Adenomyosis is generally accepted to have three subtypes: focal, diffuse and 
cystic. 
 
Focal adenomyosis is concentrated in one area of the myometrium, generally 
as a single lesion characterised by (heterogenous) thickening of the JZ. 
Diffuse adenomyosis affects most of the uterus, and results in an enlarged and 
globular uterus with generally irregular JZ borders.  
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Finally, cystic adenomyosis, widely regarded as the rarest subtype, involves 
cystic adenomyomas in the myometrium, which contain endometrial tissue 
(13).  Figure 1.1 shows examples of these subtypes on MRI. 
 

 
Figure 1.1: Examples of MRI subtypes (on MRI), A. Focal adenomyosis 
concentrated in the posterior wall (red arrow) B. Diffuse adenomyosis 
affecting the whole uterine wall C. Cystic adenomyosis with islands of 
endometrial tissue in the myometrium (largest cystic focus circled in red). 
(Images taken from own study populations).  
 
Whilst the aforementioned subtypes are most commonly reported in the 
literature, some authors (14–18) have further made the distinction between 
adenomyosis of the inner myometrium (AIM) and adenomyosis of the outer 
myometrium (AOM). Here, the inner myometrium refers to the inner one third 
of the myometrium closest to the endometrium, and the outer myometrium 
refers to the outer two thirds (see Figure 1.2). Similarly, AIM can also be 
referred to as adenomyosis interna, and AOM as adenomyosis externa. This 
classification system can also be combined with the former, where an 
adenomyosis lesion could also be described as ‘focal adenomyosis of the 
outer myometrium’ (FAOM) (12) for example. 
 



 22 

 
Figure 1.2: Examples of adenomyosis subtypes, A. Adenomyosis of the inner 
myometrium of the posterior wall (AIM), B. (Focal) Adenomyosis of the outer 
myometrium (FAOM) on the anterior wall, in continuum with an endometriosis 
lesion of the bladder. (Images taken from own study populations). 
 
Diagnosing adenomyosis 
Accurate adenomyosis diagnosis remains challenging as there is no consensus 
on diagnostic criteria, and it often differs between regions, hospitals and 
clinicians (19). In the associated condition endometriosis, it is known that the 
diagnostic delay is an average of nine years (20,21). It is unknown how long 
this is for adenomyosis, but it is likely to be similar, if not longer. Another 
element of the disease that impedes easy diagnosis is the fact that 
adenomyosis often coexists with other (benign) diseases; namely leiomyomas 
and endometriosis. Leiomyomas particularly can hamper accurate diagnosis 
as they are much easier to recognise on various imaging techniques (and thus 
may distract from adenomyosis lesions), and also are associated with similar 
clinical symptoms (22–24). In fact, concomitant leiomyomas are reported in 
up to 50% of adenomyosis patients (25). Similarly, adenomyosis and 
endometriosis are also often found together, with adenomyosis sometimes 
being referred to as ‘endometriosis interna’. Opinions are divided as to if 
adenomyosis and endometriosis are separate diseases, or subtypes of the 
same disease (8,10,19,26).  
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Histopathological diagnosis of adenomyosis  
The gold standard for adenomyosis diagnosis remains histopathology. 
Indeed, adenomyosis was first identified in hysterectomy specimens by von 
Rokitansky in the 1860’s as ‘cystosarcoma adenoids uterinum’ or 
‘adenomyoma’, and eventually given its present name of ‘uterine 
adenomyosis’ by Frankl in 1925 (27). 
 
On histology, most often (and most accurately) after hysterectomy, 
adenomyosis is recognised as myometrial invasion of endometrial stroma, 
surrounded by myometrial hyperplasia. The minimum distance required for 
invasion into the myometrium to be considered as indicative of adenomyosis is 
debated (19). Some experts propose a range of 1-4mm, others at least one 
third of the total myometrial thickness. The common theme is that there must 
be recognisable endometrial tissue deeper than the endo-myometrial junction 
(7). An example of adenomyosis on histopathology is shown in Figure 1.3. 
 
The aforementioned criteria for adenomyosis are thus not uniformly classified, 
and different pathologists and hospital tend towards different definitions (19). 
The most commonly reported definitions for adenomyosis lesions are however, 
as follows: 

• At least one low power field from (an irregular) endo-myometrial 
junction, or 

• 1 to 2.5 mm below the basal layer of endometrium, or 
• Deeper than 25% of the overall myometrial thickness 

Another limitation of histological diagnosis is that accurate diagnosis is highly 
reliant on the method of tissue sampling and the number of slices taken at 
hysterectomy, and subsequently the size of the lesion. There is thus a potential 
for small adenomyosis lesions to be missed (19).  
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Figure 1.3. Example of adenomyosis on histology 
Whilst hysterectomy is most commonly used as the standard for adenomyosis 
diagnosis, adenomyosis can also be diagnosed histologically using biopsy, 
generally in the context of hysteroscopy. 
 
Biopsy diagnosis can be a useful alternative for histopathological diagnosis 
over hysterectomy, especially in the context of patients wishing to preserve 
their fertility, or otherwise wishing to avoid hysterectomy. The challenge of 
variable topographic distribution of adenomyosis across the uterus is 
multiplied in biopsy-driven adenomyosis diagnosis however. The 
hysteroscopist must biopsy exactly the correct area, and in cases without 
visibly suspect adenomyosis lesions during the procedure, a negative 
diagnosis by no means excludes the presence of adenomyosis.  
 
Especially in women of fertile age, whereby hysterectomy would be 
preferable to avoid, there is thus still a need for an accurate diagnostic tool. 
The logical way in which to realise this, is by way of diagnosis via non-
invasive imaging techniques. 
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Non-invasive diagnosis 
- Ultrasound 

In daily gynaecological practice, adenomyosis is often first suspected 
(alongside presence of corresponding symptoms) on the basis of the aspect of 
the uterus on trans-vaginal ultrasound (TVUS). Characteristics indicative of 
adenomyosis are generally described according to the MUSA (Morphological 
Uterus Sonographic Assessment (28)) criteria (see Figure 1.4). The reported 
sensitivity, specificity, and Area Under the Curve (AUC) of TVUS are (with 
95% CI) 74% (SD 68%–79%), 76% (SD 71%–79%), and 0.7 respectively 
(29). See Figure 1.5 for illustrative examples on TVUS. 

 
Figure 1.4. Sonographic characteristics of Adenomyosis according to the 
Morphological Uterine Sonographic Assessment (MUSA) Criteria of Van den 
Bosch et al. 2015 (30) 
 
Despite the possibility to fairly accurately diagnose adenomyosis on standard 
TVUS, there are several limitations that should be considered. One problem 
posed by diagnosing adenomyosis by TVUS is in that it is susceptible to inter-
observer variability (29,31–34), which often depends on the experience and 
expertise of the ultrasound technician or physician (35).  As such, specifically 
in cases of mild or atypical adenomyosis, adenomyosis is easily overlooked. It 
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can also be difficult to distinguish between adenomyosis and other benign 
uterine pathologies such as leiomyomas. In fact, the sensitivity of TVUS for 
adenomyosis has been reported to be as low as 33% in the added presence 
of leiomyomas (36).  
 
One form of TVUS diagnosis that is also in continuous development in the 
context of (benign) uterine disorders is 3-dimensional TVUS (3D-TVUS). 3D-
TVUS is generally able to better assess the JZ and the overall structure of the 
endometrium in comparison to its 2-dimensional counterpart (19).  
Furthermore, due to being able to visualise several planes at once (coronal, 
sagittal and transverse), uterine asymmetry resulting from adenomyosis is 
more easily visualised. Because of these advances, 3D TVUS has a high 
reported sensitivity and specificity (95% CI), of 84% (77%–89%) and 84% 
(77%–89%) respectively (29).  
 

 
Figure 1.5. Adenomyosis examples on TVUS. A. Globular enlargement of the 
uterus with fan-shaped shadowing. B. Globular enlargement of the uterus with 
scattered hyperintense myometrial cystic foci. C. Uterus with asymmetric 
uterine wall thickening with scattered echogenic foci. (Images taken from own 
study populations).  
 

- Magnetic Resonance Imaging (MRI) 
Adenomyosis can be difficult to distinguish from other (benign or malignant) 
uterine disorders such as leiomyomas or carcinomas. For this reason, 
diagnosing adenomyosis using MRI has become preferred and is considered 
reliable, especially when the presentation is atypical on TVUS (29,32,37). 
MRI is not considered the first-in line diagnostic method however, due the 
higher associated cost and lesser availability than TVUS.  
 
On imaging, the uterus is made up of three distinct layers (or ‘zones’), each 
with slightly different imaging characteristics (i.e. signal intensity) on MRI (38). 
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The first is the inner lining of the uterus, or endometrial zone, followed by the 
junctional zone (JZ), and then the myometrial zone. On T2-weighted images, 
the endometrium normally exhibits high signal intensity, whereas the 
surrounding JZ exhibits relatively low signal intensity. The remainder of the 
myometrium is generally characterised by intermediate signal on T2 imaging 
(39,40). On T1 images, it is also possible to visualise potential haemorrhagic 
areas within the uterine structure, such as those sometimes seen in 
adenomyomas (41).  As adenomyosis is thought to arise from the disruption 
and thickening of the JZ, the standard MRI imaging techniques used are thus  
T1- and T2- weighted MRI, which are most effective in identifying potential 
anomalies in the JZ.   
 
Unlike with TVUS, which has the MUSA criteria, there are no accepted 
classification or diagnostic criteria when evaluating an MRI for presence of 
adenomyosis. While much has been reported about typical, atypical, direct 
and indirect MRI manifestations of adenomyosis (17,33,42), the recognition 
of these features often still depends on the professional analysing the images.  
Several different classifications of adenomyosis have been suggested based 
on these differing criteria (17,43), but few objective guidelines for 
adenomyosis exist.  
 
The most widely reported objective measures are based on the appearance of 
JZ, with a thickness of over 12mm, a difference > 5mm between maximum 
and minimum JZ diameter, and a ratio of >40% of JZ to the full myometrium 
thickness thought to signify adenomyosis (34,36,40,44). These criteria are still 
not widely accepted however, with the 12mm cut-off value recently coming 
into question (45). This highlights the need for further characterisation of 
adenomyosis on MRI. Evaluation of the JZ can also be problematic as its 
thickness changes during the menstrual cycle and is affected by hormonal 
fluctuations, which can limits the ability to distinguish between ‘normal’ JZ and 
adenomyosis foci (42,46–48). Furthermore, uterine contractions during MRI 
can give a false impression of (focal) adenomyosis (42). Other examples of 
how adenomyosis can be objectified on MRI include uterine volume, uterine 
wall thickness or the volume or size of (suspected) adenomyotic foci 
(4,33,40,49,50). Some studies have also attempted to correlate MRI 
characteristics of adenomyosis with clinical outcomes, such as dysmenorrhoea, 
treatment response or obstetric outcomes (4,49,51–54), but it is unclear if 
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there is a direct relationship. This is a promising and clinically relevant query 
that needs further exploration as it would then become possible to predict 
(risk of) certain outcomes on the basis of non-invasive imaging. 
 
There are thus a wide range of parameters on MRI that can be used to 
characterise and visualise adenomyosis, such as junctional zone thickness, 
myometrial signal intensity and uterine size (33). However, many of them 
have not been specifically investigated for diagnostic accuracy versus 
histopathology, and little is likewise known about how they may correlate to 
clinical outcomes (32). Despite attempts to create (imaging-based) 
classification systems for adenomyosis (16,17), there currently exists no 
widely used tool for prediction of adenomyosis diagnosis.  
 
Adenomyosis treatment 
Once accurately diagnosed, adenomyosis can be (symptomatically) treated 
fairly effectively using a variety of strategies. . The choice of strategy is the 
result of type of complaints and clinical issues (e.g. pain, dysmenorrhea, 
abnormal bleeding, dyspareunia, fertility, age, uterine preservation wishes). 
All treatment options have a reported positive effect on quality of life, uterine 
and lesion size, symptoms (e.g. dysmenorrhoea) and fertility to differing 
extents (7,55).  
 
Medical treatment 
In clinical practice, initial treatment options for adenomyosis often involve 
symptomatic (pain or bleeding) relief (NSAID’s or tranexaminic acid) and/or 
hormonal therapy (56,57). Hormonal therapies range from systemic 
combined oral contraceptive pills (COCs) and progesterone-only pills (POPs) 
to more localised levonorgestrel intra-uterine devices (Lng-IUDs). All of these 
hormonal options have the goal of relative suppression of endometrium build-
up and stimulation of endometrial atrophy, with subsequent reduction of 
adenomyosis-related symptoms. As with associated endometriosis, GnRH 
agonists or antagonists, selective oestrogen and/or progesterone modulators 
(SERMs and SPRMs) can also be employed in cases resistant to other forms of 
hormonal therapy (56,58).  
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Embolisation and radiofrequency ablation 
In recent years, more focus is also being laid on minimally invasive treatments 
such as uterine artery embolisation (UAE) or high-frequency ultrasound (HiFU) 
ablation strategies (59,60). Both of these methods, though not available to, or 
suitable for, all adenomyosis patients, also show promise with regards to 
symptom and lesion reduction whilst being uterus-sparing (61). 
 
Surgical treatment 
If the patient wishes to avoid hormonal therapies, or there are relevant 
contraindications, surgical therapy by way of local excision of adenomyotic 
lesions, or a hysterectomy can be indicated. With the ongoing development of 
a wide array of medicinal therapies, hysterectomy is becoming seen as a last-
resort option in women without an active child-wish. Surgical excision of 
smaller localised lesions can also be an option in women wishing to retain 
reproductive function (62), but is only feasible in certain cases, and is 
generally only done in centres with the relevant expertise. Without total 
hysterectomy, and especially without concomitant hormonal therapy, it is 
likely, however, that the disease will return over time (63). 
 
Effect of adenomyosis on uterine (contractile function) 
Embryologically, the uterine myometrium is made up two types of tissue: the 
neometrium and the archimetrium. The neometrium makes up the outer two 
layers of the myometrium, and is generally thought to be the driving force 
behind strong uterine contractions, as associated with contractions during 
labour and pregnancy. The archimetrium, the innermost layer of myometrium 
bordering on the endometrium (which includes the JZ), is linked to uterine 
peristaltic contractions outside of pregnancy (64). 
 
In the 1990’s and early 2000’s, it was established that normal uterine 
contractile function follows a distinct pattern throughout the menstrual cycle 
(65–69). At the start of the cycle, during menstruation, uterine contractions 
travel mostly from the fundus-to-cervix direction with a relatively low 
frequency. Subsequently, in the follicular phase, uterine peristalsis travels from 
the cervix-to-fundus direction, with increasing contraction frequency until the 
periovulatory (late follicular) phase. After ovulation, during the luteal phase, 
the uterus enters a relatively quiescent state with the lowest frequency of 
uterine contractions. The characteristics of these contractions proved of 
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importance for fertility when examined in in-vitro fertilisation (IVF) populations 
(70,71). 
 
One theory as to the aetiology of adenomyosis, and also the 
pathophysiological mechanism behind its symptoms, relates to how 
adenomyosis affects the JZ and thereby uterine contractile function. Chronic 
peristaltic contractions could induce repeated (micro) trauma to the JZ, 
causing inflammation which in turn leads to locally increased oestrogen 
production, which stimulates myometrial activity and inducing a vicious cycle 
of chronic hyperperistalsis (61). Over a lifetime, this cycle leads to gradually 
worsening adenomyosis with increasing age (63). This theory has been 
corroborated by longitudinal studies that have reported a directly 
proportional relationship between JZ width, adenomyosis severity and age. 
(46,72–74).   
 
Several studies have investigated uterine contractility in endometriosis and 
adenomyosis, in an attempt to corroborate the theory that uterine contractions 
are abnormal in these diseases (75,76). It is theorised that with a disruption in 
the JZ, such as by adenomyosis, uterine contractility is likewise impaired, 
leading to so-called dysperistalsis (76,77) and consequently, adenomyosis-
related symptoms. Despite these studies showing promising results, the 
methods used to assess uterine contractility have been subjective, complex, 
and/or relatively user- and patient-unfriendly. If uterine contractility (in normal 
and abnormal uteri) could be objectively and reliably assessed, a concrete 
conclusion could be made regarding how, and if, uterine contractility is 
affected in adenomyosis patients. 
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Effect of adenomyosis on fertility 
In the previous sections, we have established how adenomyosis behaves, is 
diagnosed, and how it may disrupt uterine contractile function. One other 
crucial aspect of uterine function (arguably the uterine function) that 
adenomyosis has been reported to affect is fertility. 
 
With the advent of improving imaging techniques, adenomyosis has also been 
more frequently diagnosed in younger, nulliparous women, and is being 
increasingly causally linked to sub- or in-fertility and adverse pregnancy 
outcomes (78–81). Adverse reproductive outcomes in adenomyosis could 
occur for several reasons. First, JZ disruption in adenomyosis is thought to 
cause dysfunction in uterine peristaltic movement, and thereby inhibits both 
sperm transport and embryo implantation (75,82,83). Further evidence exists 
showing a different expression of factors involved in embryo implantation 
such as osteopontin and HoxA10 in adenomyosis, as well as increased 
endometrial free radicals and inflammatory cytokines (84,85) which may 
impact embryo development.  
 
In the context of infertility, several studies have investigated specifically how 
adenomyosis affects IVF outcomes. The majority of studies seem to show a 
negative influence of adenomyosis on IVF, with a recent retrospective study 
by Sharma et al. (86) showing a significantly reduced pregnancy rate after 
IVF in women with signs of adenomyosis on TVUS. A study by Ballester et al. 
(87) with endometriosis patients showed a particularly large contrast, with IVF 
pregnancy rates of 19% versus 82% respectively for patients with and without 
adenomyosis. A study examining adenomyosis characteristics on TVUS also 
reported a direct relationship between severity of adenomyosis and assisted 
reproductive technologies (ART) outcomes (80). These findings have been 
corroborated in meta-analyses (88,89), with Vercellini et al., reporting that 
adenomyosis reduces likelihood of pregnancy in ART by 28%. Conversely, 
studies have also been published that cannot show an association of 
adenomyosis with IVF failure (90–93), including in a meta-analysis (94). Thus, 
there still remains a lack of consensus regarding the extent to which 
adenomyosis affects fertility and IVF.  
 
 
 



 32 

The junctional zone and infertility 
As junctional zone dysfunction and changes are thought be associated with 
infertility, several studies have specifically investigated if changes in the JZ can 
be correlated with IVF outcomes. While these studies are heterogenous in 
design and study population, they all seem to show a potential link between 
thickened JZ and infertility. For instance, Meylaerts et al. (95) reported that 
infertile women have a thicker mean JZ on MRI than healthy nulliparous 
women. Similarly, El Gaber et al.(96) showed that women with recurrent 
implantation failure had a thicker JZ (on TVUS) than women with unexplained 
infertility. Kunz et al.(97) also linked a thickened JZ to reduced oocyte quality 
amongst IVF or intracytoplasmic sperm injection (ICSI) patients. Maubon et al. 
(98) and Piver et al. (99) suggested more specifically that a JZ of over 7mm 
can be used to predict IVF failure with 97% accuracy. Several of these studies 
included women with endometriosis, and suggested that a thicker junctional 
zone (and thereby potential adenomyosis) could also be independently 
related to IVF failure in the context of endometriosis (97,98,100). 
 
Adenomyosis on MRI and infertility 
Despite promising results separately suggesting a link between MRI 
characterisation of the JZ and infertility, and adenomyosis on MRI and 
infertility, few studies have investigated these two aspects in conjunction with 
each other. Some evidence does exist suggesting a link between adenomyosis 
severity and fertility, for instance that women with diffuse adenomyosis do 
seem to have worse fertility outcomes than those with focal adenomyosis 
(101).  More detailed studies characterising adenomyosis on MRI in the 
context of infertility are needed. We thus propose to carry out a detailed 
exploration into the characterisation of adenomyosis and MRI in the context 
of infertility, and to attempt to correlate this concretely to IVF outcomes.  
 
Effect of adenomyosis on pregnancy outcomes 
In the foregoing section, we established that it is now becoming accepted that 
presence of adenomyosis affects a woman’s chances of becoming pregnant, 
and increases her chance of miscarriage. More and more current literature 
also denotes however, that the risk of complications continue into later 
pregnancy as well.   
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Adenomyosis and pre-term birth and miscarriage 
One of the most commonly reported adverse obstetric outcomes that has been 
associated with adenomyosis is pre-term birth (PTB, delivery prior to 37 weeks 
gestation). A recently published systematic review and meta-analysis based on 
4 studies investigating pregnancies in women with adenomyosis calculated an 
odds ratio (OR) of 2.74 for PTB. The calculated OR for miscarriage was even 
higher at 3.40 (81). Taken individually, the reported OR’s for PTB in women 
with adenomyosis have ranged from 1.96 (102) to as high as 24.53 (103). 
While most studies were conducted in women with and without adenomyosis, 
several investigated obstetric outcomes in women with endometriosis, stratified 
by the presence or absence of adenomyosis. These studies showed mixed 
results (86,104–106). A meta-analysis did however report higher OR’s for 
PTB in adenomyosis compared to only endometriosis patients (1.47 vs. 3.09) 
(107).  
 
Due to infertility often accompanying adenomyosis, a large proportion of 
women with adenomyosis end up going on to have pregnancies facilities with 
assisted reproductive technologies (ART). This is a potentially confounding 
factor in adverse obstetric outcomes as there is a higher risk of preterm birth 
in IVF pregnancies. Several studies did however correct for mode of 
conception, and still reported a statistically significant higher odds ratio for 
preterm birth in women with adenomyosis (101,103,104,108,109).   
 
Adenomyosis and placental function 
In addition to impacting fertility, recent studies also suggest that adenomyosis 
gives an increased risk for adverse obstetric outcomes (50,107,110). This is 
possibly due to altered trophoblast invasion and spiral artery remodelling 
(111,112), linking it to conditions such as placental disorders, hypertensive 
disorders of pregnancy (HDPs) and foetal growth restriction (FGR) and small-
for-gestational age (SGA) infants. In accordance with this theory, significantly 
higher OR’s have been reported by the majority of studies investigating 
obstetric outcomes in adenomyosis. A meta-analysis of eleven studies 
calculated a composite OR of 3.90 for SGA (81). The studies that did not 
report significant outcomes did still report a trend of a higher risk of SGA in 
adenomyosis (86,106). A few studies have also been published linking 
adenomyosis and hypertensive disorders such as preeclampsia (PE), with an 
OR of 7.87 being suggested in one meta-analysis (81). One study also 
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suggested that women with adenomyosis specifically have a higher risk of 
late-onset preeclampsia(4). Evidence also exists which introduces a 
correlation between adenomyosis and placental malposition (i.e. placenta 
praevia) and placental abruption (101,104,106,108).  
 
Adenomyosis and neonatal outcomes 
No studies thus far have been able to prove a significant association between 
adenomyosis and adverse neonatal outcomes (not including low birth weight, 
LBW). The few studies investigating outcomes such as low Apgar score or 
umbilical artery pH did not report significant results (50,105).  
 
Despite most the published studies reporting evidence to associate 
adenomyosis with obstetric complications there are a few common 
weaknesses to these studies which may limit their generalisability. First, they 
all have relatively small sample sizes, with the largest study including 245 
women with adenomyosis  (101), and most studies including 50-60. 
Furthermore, all studies used trans-vaginal ultrasound diagnosis (or 2 only 
self-reported diagnosis (101,110)) as the diagnostic method of choice for 
adenomyosis, which is not considered the golden standard of adenomyosis 
diagnosis. It can be argued therefore that one cannot be certain that the 
previously carried out studies truly included the correct population. In 
addition, no studies have thus far been conducted investigating this question in 
a Dutch population, with very few being carried out in a large (European) 
population in general. Further common issues with these studies are 
heterogenous inclusion/exclusion criteria, and presence of various 
confounding factors such as most studies only investigating fertility outcomes 
in IVF/ICSI patients.  
 
So, due to the scarce and still relatively conflicting evidence, women with 
adenomyosis are not generally considered to qualify as having high-risk 
pregnancies, and no guidelines exist for the management of pregnant women 
diagnosed with adenomyosis. More large-scale studies are needed to yield 
unambiguous results to inform clinical practice and management of these 
women.   
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Thesis Objectives: 
In summary, there are a number of knowledge gaps inhibiting the complete 
understanding of the diagnosis and clinical impact of adenomyosis. Trans-
vaginal ultrasound (TVUS) faces limiations in inter-observer variability and 
difficulty distinguishing adenomyosis from other uterine pathologies. MRI is 
preferred for atypical cases but lacks widely accepted criteria. The 
importance of accurate diagnosis is crucial, especially given adenomyosis’s 
association with infertility. Studies and expert opinion does suggest a potential 
link between adenomyosis and aberrant uterine contractile function, fertility 
and adverse obstetric outcomes. Consensus on the extent of adenomyosis’ 
impact on fertility and contractile function remains elusive however, 
emphasising the need for further research.  
 
We have identified the following objectives for this thesis: 

- What are the  objective parameters of adenomyosis on MRI and what 
is their potential for the accurate diagnosis of adenomyosis on using 
MRI? 

- How can we objectively assess uterine contractile function in the non-
pregnant uterus, and is it affected by the presence of adenomyosis?   

- To what extent does adenomyosis affect fertility outcomes in the 
context of IVF? 

- Does adenomyosis affect obstetric and neonatal outcomes?   
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Thesis Outline: 
In this thesis, we assess the effect of adenomyosis on the whole spectrum of 
uterine contractile and reproductive function, starting with an exploration into 
non-invasive diagnosis by way of MRI, and ending with its influence on 
obstetric outcomes. The thesis is divided into dedicated parts assessing each of 
the thesis objectives as described above.  
 
Part II: 
Chapter Two of this thesis focusses on the existing MRI-based diagnostic 
criteria for adenomyosis and their reported diagnostic accuracy from 
available literature. Based on the resultant described criteria, we then 
developed a multivariate diagnostic tool for adenomyosis diagnosis based on 
MRI and clinical parameters in Chapter Three. In Chapter Four we externally 
validate this prediction model using a separate patient cohort.  
 
Part III: 
In Chapter Five we develop  a new 2D TVUS method employing speckle 
tracking and explore its use for assessing uterine contractile function and its 
potential for predicting IVF success. In Chapter Six, using this new method, 
we suggest a set of reference values for normal uterine contractile function in 
a prospective cohort of healthy women with normal uteri. In Chapter Seven, 
we then investigate existing literature for the effect that uterine abnormalities 
(including adenomyosis, leiomyomas and congenital uterine anomalies) have 
on uterine contractile function. We then used the same cohort of normal 
women to compare uterine contractility features to women with adenomyosis 
in Chapter Eight to assess how and if uterine contractility is affected. 
 
Part IV: 
Chapter Nine explores the IVF/ICSI outcomes of patients with adenomyosis, 
endometriosis or both compared to match male infertility controls. 
Subsequently, in Chapter Ten individual MRI characteristics of adenomyosis in 
IVF/ICSI patients are associated with IVF/ICSI outcomes. 
 
Part V: 
After assessing the effect of adenomyosis on fertility in the previous chapters, 
Chapter Eleven focusses on the association of adverse obstetric outcomes in 
histologically diagnosed adenomyosis patients at the Dutch population-level. 
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ABSTRACT: 
Objectives:  To systematically review literature on how adenomyosis can be 
objectively quantified on MRI in a scoping manner, and review the diagnostic 
performance of these characteristics compared to histopathological diagnosis. 
Additionally, to summarize correlations between measures of adenomyosis on 
MRI and clinical outcomes. 
 
Materials & Methods: We searched databases Pubmed, Embase and 
Cochrane for relevant literature up to April 2020 according to PRISMA 
guidelines. We included studies that objectively assessed adenomyosis on 
MRI, and separately assessed studies investigating the diagnostic performance 
of MRI versus histopathology for inclusion in a meta-analysis. The QUADAS-2 
tool was used for risk of bias, with many studies showing an unclear or high 
risk of bias. 
 
Results: 80 studies were included, of which 14 assessed the diagnostic 
performance of individual MRI parameters, with four included in the meta-
analysis of diagnostic accuracy. Common MRI parameters were: junctional 
zone (JZ) characteristics such as maximal JZ thickness; pooled sensitivity 71.6 
(95% CI 46.0 – 88.2), specificity 85.5% (52.3 – 97.0) , JZ differential; 
pooled sensitivity 58.9% (95% CI 44.3 – 72.1), specificity 83.2% (95% CI 
71.3 – 90.8) and JZ to myometrial ratio; pooled sensitivity 63.3% (95% CI 
51.9 – 73.4), specificity 79.4% (95% CI 42.0 – 95.4), adenomyosis lesion 
size , uterine morphology (pooled sensitivity 42.9% (95% CI 15.9 – 74.9), 
specificity 87.7%, (95%CI 37.9 – 98.8)) and changes in signal intensity (e.g. 
presence of myometrium cysts; pooled 59.6% (95% CI 41.6 – 75.4) and 
specificity of 96.1% (95% CI 80.7 – 99.3).  Other MRI parameters have 
been used for adenomyosis diagnosis however their diagnostic performance is 
unknown. Few studies attempted to correlate adenomyosis MRI phenotype to 
clinical outcomes.  
 
Conclusions: A wide range of objective parameters for adenomyosis exist on 
MRI; however, in many cases their individual diagnostic performance remains 
uncertain. JZ characteristics remain the most widely used and investigated 
with acceptable diagnostic accuracy. Specific research is needed into how 
these objective measures of adenomyosis can be correlated to clinical 
outcomes 
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INTRODUCTION: 
Adenomyosis is a prevalent and potentially debilitating gynaecological 
condition characterized by dysmenorrhoea and heavy menstrual bleeding. 
Adenomyosis is thought to arise from and lead to disruptions in the uterine 
‘junctional zone’ (JZ) between the uterine endometrium and myometrium. 
With the advent of improving imaging techniques, adenomyosis has been 
more frequently diagnosed in younger, nulliparous women. Along with 
greatly affecting their quality of life, it is also increasingly linked to sub- or in-
fertility and adverse pregnancy outcomes (81,85,107).  The relationship 
between (the extent of) adenomyosis and these clinical outcomes remains 
largely unknown.  
 
One barrier to elucidating the relationship of adenomyosis (severity) to 
clinical outcomes is the accurate diagnosis of adenomyosis. Despite continuing 
advances in 2D and 3D transvaginal ultrasound imaging, MRI is generally 
considered to be the most consistently accurate in the diagnosis of 
adenomyosis (29,32); however, there is still no accepted classification system 
or a set of diagnostic criteria to evaluate adenomyosis on MRI. While much 
has been reported about typical, atypical, direct and indirect MRI 
manifestations of adenomyosis (33,42) , the recognition of these features 
often still depends on the experience and expertise of the radiologist and/or 
gynaecologist.  Furthermore, it is still disputed which of the wide range of 
features reported is the most accurate. This makes it difficult to assess the true 
diagnostic accuracy of MRI for adenomyosis as different centres and 
physicians may use different criteria. 
 
If adenomyosis could be noninvasively and objectively quantified (e.g. on 
MRI), the burden of disease could be correlated with various clinical 
outcomes, such as symptom severity, therapy response, or fertility outcomes. 
Similarly, potential changes in adenomyosis could be more easily followed 
over a patient’s lifetime, or during their menstrual cycle (33,34,47,113). To 
the best of our knowledge, there is currently no comprehensive overview 
describing the quantitative analysis of adenomyosis on MRI imaging. 
 
The objectives of this review are thus as follows: the primary objective is to 
evaluate the diagnostic accuracy of MRI features for adenomyosis versus 
histopathology, with secondary objectives being to (1) summarize in a 
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scoping manner how adenomyosis can be objectively quantified on MRI, (2) 
how objective measures of adenomyosis on MRI have been correlated to 
clinical outcomes.
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METHODS: 
The full review protocol can be found on the PROSPERO database, with 
protocol ID CRD42020163106. 
 
Data Sources: 
The search was conducted in online databases PubMed (MEDLINE), Embase 
and Cochrane, and relevant articles were also screened for additional 
references missed in the initial search. The search was conducted using 
synonyms and keywords relating to adenomyosis and MRI. Full search details 
can be found in the supplementary file.   
 
Main outcome measures: 
The outcomes of this review were the existing objective measures of 
adenomyosis on MRI, and their (if stated) individual diagnostic accuracy and 
relationship to clinical outcomes. 
 
Study eligibility  
We included studies investigating the diagnosis, evaluation or classification of 
adenomyosis objectively based on MRI. Studies were included regardless of 
study design, use of hormonal therapy, age, or clinical manifestation. Studies 
written in English, Dutch or French were considered for inclusion, published up 
to April 7th 2020.  
 
Data reported in secondary analysis (reviews), case reports, letters to editors, 
conference abstracts, and protocols for ongoing studies were excluded. We 
also excluded studies that only reported subjective measures of adenomyosis 
on MRI, for instance: lesion localisation, subjective signal intensity i.e. ‘dark’ 
or ‘low’, or only noting ‘JZ irregularity’ without objectifying this (by 
measurement in mm).  
 
 
 
 
Quality assessment and risk of bias:  
A risk of bias assessment of included studies was only carried out for the 
studies investigating diagnostic accuracy, using the QUADAS-II tool (22, 
Tables 2.S8-2.S11). Risk of bias summary graphs and tables were constructed 
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using RevMan 5.3.0. It was not deemed relevant to assess the quality of the 
other studies investigating adenomyosis on MRI for risk of bias.  
 
Data collection and analysis: 
Study Selection 
Study selection was conducted in Rayyan (rayyan.qcri.org) in a blinded 
fashion by two reviewers (CR & IR) based on title and abstract, followed by 
full-text assessment. If full-text was not available, contact was sought with the 
corresponding author of the article. The relevant articles were sorted into one 
or both of two groups upon full-text screening and data extraction done 
separately (Tables 2.S1 – 2.S4): 

- Studies investigating diagnostic accuracy of adenomyosis on MRI 
versus histopathology 

- Studies evaluating adenomyosis objectively on MRI without assessing 
diagnostic accuracy 

Data collection and extraction 

Data extraction was done independently by two reviewers (CR & IR). Data 
pertaining to study design, study population, the type of MRI conducted, 
definition of adenomyosis on MRI, the diagnostic performance (if reported) of 
MRI parameters, as well as if the MRI diagnosis was confirmed with 
histopathology was collected. All measured MRI characteristics of 
adenomyosis on MRI were extracted, with a focus on objective measures. 
Examples of objective measures include: JZ thickness (in mm), uterine volume 
or length, adenomyosis lesion size (in mm, or cm3). If clinical or treatment 
outcomes were mentioned (in relation to MRI characteristics), these were also 
reported. See supplementary file for the full data extraction table (Tables 
2.S1-2.S4).  
 
Data synthesis and statistical analysis: 
Data synthesis was done in two steps, dependent on the study design. For 
studies investigating diagnostic accuracy, data was synthesized narratively, 
and the diagnostic performance measures were summarized. We produced 
forest plots in Graphpad Prism 8.0 showing pairs of sensitivity and specificity 
together with 95% confidence intervals from each study (based on extracted 
data in 2 x 2 tables for each study). Summary receiver operating 
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characteristic (SROC) curves were constructed using MetaDTA. Separate 
forest plots and SROC curves were created for each diagnostic MRI 
parameter where the relevant diagnostic information was available. A pooled 
sensitivity and specificity for each parameter (if possible) was calculated using 
MetaDTA (115) using a bivariate model. Illustrative MRI images per objective 
parameter were taken from our centre.   
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RESULTS: 
General characteristics of the studies 
Search Results: 
As shown in Figure 2.1, a total of 80 articles were ultimately deemed eligible 
for inclusion in this review. Fourteen were diagnostic accuracy studies which 
investigated MRI versus histopathology for adenomyosis, four of which 
reported diagnostic accuracy data for individual MRI parameters (e.g. JZ 
thickness >12mm) and could be included in the meta-analysis. The remaining 
66 studies were of varying study designs and did not investigate the 
diagnostic performance of MRI specifically, but did describe objective 
measures of adenomyosis on MRI, and were included to satisfy the secondary 
objectives of this review.  
 

 
Figure 2.1: PRISMA Flow Diagram of Study Selection 
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Characteristics of Included Studies: 
The study characteristics and outcomes for the included studies are 
summarized in Tables 2.S5 -2.S7 of the supplementary file. The MRI 
sequences most often implemented in order to assess adenomyosis on MRI 
were T1- and T2- weighted MRI. Eight studies reported using 3.0 Tesla coil 
MRI, the remaining studies used 1.0 or 1.5 Tesla coil MRI.  
 
Methodological quality of included studies: 
Only the studies investigating diagnostic accuracy were assessed for 
methodological quality. A graphical summary of the quality assessment is 
shown in Figure 2.2, as well as the assessment per included study in Figure 
2.3. In the domain of patient selection, two studies were deemed to have a 
high risk of bias due to their retrospective design and/or unclear exclusion 
criteria (116,117). For the index test domain (MRI), two studies had a high 
risk of bias, as no definition of adenomyosis prior to MRI evaluation was 
reported (118,119). As for the reference standard domain, many studies did 
not clearly report if pathologists were blinded. Two studies were deemed to 
have a high risk of bias as in one (120) the assessment of the reference test 
was not blinded, and in the other (121) the reference diagnosis was only 
made based on myometrial biopsy instead of hysterectomy. For patient flow 
and timing, most studies did not provide enough information to assess this 
domain properly. Hamimi et al. (117) had a high risk of bias on this domain 
as not all patients received the same reference standard diagnosis. Two 
studies (117,121) were arguably less applicable with regards to the analysis 
of diagnostic accuracy. Hamimi et al. did not compare the index test to 
histopathological diagnosis in many cases, and Phillips et al. only investigated 
the diagnostic performance of MRI in relation to adenomyomas, and not 
adenomyosis generally. Because of their low applicability and quality, the 
results of these two studies were not included in the meta-analysis. Complete 
details per study can be found in the supplementary file (Tables 2.S8-2.S11). 
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Figure 2.2: Summary Graph of Study Quality According to the QUADAS-II 
Tool 

 

 
Figure 2.3: Quality Assessment per included study according to the QUADAS 
II Tool 
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Results synthesis:  
We identified four common characteristics that have been used to diagnose 
and objectively visualize adenomyosis on MRI: junctional zone thickness and 
irregularity, adenomyosis lesion size, overall uterine morphology, and tissue 
signal intensity (see Table 2.1 for a full overview, and Table S12). The pooled 
diagnostic accuracy of MRI parameters can be seen in Table 2.2.  
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Table 2.1: Objective Measures of Adenomyosis on MRI 
MRI Feature Definition Unit Possible 

Stratification  
Studies Mentioned (N)* 

Junctional Zone Parameters 
Mean JZ  Average Junctional Zone 

diameter 
Mm <5mm, <7mm, 

<8mm, <10mm, 
<12mm >12mm, 
>15mm 

N=56 
(4,8,45,51–
53,59,60,77,100,113,116–
118,120,122–162) 

JZ Max Maximal diameter of Junctional 
Zone 

Mm <7mm, <10mm, 
<12mm >12mm, 
>15mm 

N=18 
(4,8,45,51–
53,59,60,77,100,113,116–
118,120,122–162) 

JZ Min  Minimal diameter of Junctional 
Zone 

Mm   N=5 
(4,122,123,149) 

JZ Diff As a measure of JZ irregularity 
Difference between maximal and 
minimal JZ 

Mm <5mm difference 
and >5mm 
difference 

N=7 
(4,45,122,123,149,155,159) 

JZ Asymmetry  Difference between anterior and 
posterior Junctional Zone 

Mm <2mm difference 
>2mm difference 

N=1 
(137) 

Junctional Zone 
to Myometrium 
Ratio  

Ratio of Junctional zone to full 
myometrium thickness at the same 
point of the uterine wall 
At maximal JZ, or as an average 

% >40% and <40% N=16  
(4,12,45,52,72,123,125,128,
131,136,144,146,149,151,1
55,160) 

Adenomyosis lesion size 

Adenomyotic 
foci volume 

Volume of adenomyotic foci in 3 
orientations 

Mm3 Diameter 
<40mm 
40-60 mm 
>60mm 

N=27 
(4,12,49,52,118,121,122,12
6,131,133–
135,140,141,151,154,158,1
62–168). 

Uterine Parameters 
Uterine Volume  Uterine volume measured at mid-

corpus in 3 orientations 
Mm3   N=28  

(4,53,60,121,122,130,133,1
36–138,142,144–
146,150,153,155,156,159,1
63,164,166–171) 

Uterine Length Measured from cervix to fundus 
in sagittal orientation 

Mm   N=7 
(23,29,32,57,71,78,80,89) 

Average 
Uterine Wall 
Thickness  

Uterine wall thickness measured 
from endometrium to myometrium 

Mm   N=12  
(8,51,151,160,77,100,136–
138,143,148,149). 

Uterine 
Asymmetry 

Difference between anterior and 
posterior uterine wall 

Mm   N=4 
(8,113,137,149) 

Tissue Signal Intensity 
Number of high 
signal intensity 
adenomyotic 
foci  

Absolute number of visible high 
signal intensity myometrial foci 
(compared to normal 
myometrium) on T1 or T2 imaging 

n   N=3  
(49,126,163) 
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Adenomyosis 
Signal intensity 
ratio on T2 
imaging 

Signal intensity ratio of 
adenomyotic tissue compared to 
rectus muscle or normal 
myometrium (measured in ROI of 
the same size) 

    N=4 
(52,140,141,163) 

ADC Value Apparent Diffusion Coefficient of 
adenomyotic tissue on DWI 

 
  N=5 

(119,139,140,143,172) 
*Reference numbers refer to the full reference list of the included studies as reported in 
the supplementary file  
 
Junctional Zone Thickness 
JZ thickness was the most widely reported objective measure of adenomyosis. 
Fifty-six studies (see Table 2.1 for details) reported the measurement of the 
thickness of the JZ in the assessment, or diagnosis, of adenomyosis. Studies 
reported differing threshold values of the JZ, with the cut-off ranging between 
5 mm (113) and 15 mm (122), with 12mm being the most common (see 
Figure 2.4 for an example). The individual diagnostic accuracy of this value 
was reported in four studies, see Table 2.2, Figure 2.5 and Figures 2.S1 and 
2.S2 for details.  Most studies reported using the mean JZ diameter to assess 
adenomyosis, but several studies also separately noted the maximum (JZ 
Max, n= 1 and minimum (JZ Min, n=5) diameter.  
 

 
Figure 2.4: Sagittal T2W MRI showing the junctional zone (JZ) with a 
diameter of >12m 
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Figure 2.5: Diagnostic Performance of Junctional Zone > 12mm on MRI vs. 
Histopathology 
 
Junctional Zone Differential / Junctional Zone Irregularity 
Another frequently (n=7 studies) reported quantifiable measure of 
adenomyosis on MRI is the JZ differential (JZ Diff). This is calculated by 
subtracting the JZ Min from the JZ Max, and functions as an objective 
measure of the irregularity of the uterine JZ, which can be a diagnostic 
criterion for adenomyosis (see Figure 2.6 for an example). Two studies 
(45,122) investigated its diagnostic performance (see Table 2.2, Figure 2.7, 
Figure 2.S3 and 2.S4 for details). JZ asymmetry, measured as the difference 
between the anterior and posterior JZ at the same point of the uterus was only 
mentioned in one study (137).  

 
Figure. 2.6: Sagittal T2W MRI showing junctional zone (JZ) asymmetry of the 
anterior and posterior walls, with a JZ differential (JZ Diff) > 5mm 
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Figure 2.7: Diagnostic Performance of Junctional Zone Differential > 5mm on 
MRI vs. Histopathology 
 
Junctional Zone to Myometrium Ratio / Extent of Myometrial Involvement 
In order to quantify the extent of the invasion adenomyosis on MRI, several 
studies have investigated the (maximal) ratio of JZ to normal myometrium of 
the uterus (n=16 studies, see Table 2.1). This is thought to signify a relative 
increase in JZ thickness, and thereby myometrial tissue involvement. It is 
expressed as a percentage or ratio, with a value of 40-50% generally thought 
to indicate adenomyosis (see Figure 2.8 for an example).  
 
 
 
Two studies investigated the diagnostic performance of this parameter (see 
Table 2.2, Figure 2.9 and supplementary file Figures 2.S5 and 2.S6 for 
details).  
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Figure 2.8: Sagittal T2W MRI showing junctional zone (JZ) and myometrial 
(M) thickness. The JZ to Myometrium Ratio here is 0.8 (80%) 
 
 

 
Figure 2.9: Diagnostic Performance of Junctional Zone to Myometrium Ratio 
> 40% on MRI vs. Histopathology 
 
Adenomyosis Lesion Size: 
Specifically for focal type adenomyosis, the lesion size or volume was often 
reported as a method to quantify the extent of adenomyosis (see Figure 2.10 
for an example, n= 27 studies, see Table 2.1). The adenomyosis lesion was 
usually identified based on an ‘ill-defined’ low intensity area in the 
myometrium on T2-weighted imaging. No studies investigated this parameter 
in the context of diagnostic accuracy, with most studies assessing (reduction 
in) lesion size as a measure of treatment response. Only one study 
investigated lesion size with clinical outcome, and suggested that extent of 
lesion volume reduction after treatment may have a direct relationship with 
symptom reduction (52).  
 
In addition to elements of the JZ, another widely reported measure of 
adenomyosis on MRI is how it affects the uterus as a whole.  
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Figure 2.10: Sagittal T2W MRI showing a focal adenomyosis lesion in the 
posterior uterine wall 
 
Uterine Morphology: 
The volume or size (length) of the uterus (see Figure 2.11 for an illustrative 
example) was used as an indicator for the extent of adenomyosis in 27 
studies (see Table 2.1).  
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Figure 2.11: Sagittal T2W MRI showing an enlarged, diffusely adenomyotic 
uterus, with a uterine length (UL) of 16.2cm and a uterine width (UW) of 
10.5cm 
 
Only uterine enlargement was investigated for diagnostic accuracy, see Table 
2.2, Figure 2.12, and Figures 2.S7 and 2.S8 for details).  
 

 
Figure 2.12: Diagnostic Performance of Uterine Enlargement on MRI vs. 
Histopathology 
 
Uterine wall thickness (either as a mean, or the maximum thickness) has also 
been reported, with 12 studies reporting this as an outcome measure (Table 
2.1). Most studies assessed this parameter in the context of high frequency 
ablation treatment. The shape of the uterus is an additional feature of 
adenomyosis that has been evaluated. Several studies reported homogenous 
or smooth enlargement of the uterus as a defining characteristic of 
adenomyosis, and others looked at uterine asymmetry (as in Figure 2.13). 
Most studies evaluated this subjectively, but four studies (8,113,137,149) 
quantified the extent of uterine asymmetry by measuring the difference 
between the width of the anterior and posterior walls in the context of 
adenomyosis.   
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Figure 2.13: Sagittal T2W MRI showing clear posterior and anterior wall 
asymmetry due to focal adenomyosis (and several leiomyomas) 
 
Tissue Signal Intensity 
A third element of adenomyosis that can be objectively characterized on MRI 
is the signal intensity (SI) of the affected tissue. Most studies only reported this 
subjectively (i.e. low high SI (LSI or HSI) foci in the myometrium, without 
further quantification). Three studies investigated the presence of HSI cysts or 
foci in the myometrium for their diagnostic accuracy (See Table 2.2, Figure 
2.14 and Figures 2.S9 and 2.S10).  No other parameters related to tissue 
signal intensity were investigated for their diagnostic accuracy.  

 
Figure 2.14: Diagnostic Performance of Presence of Myometrial Cysts on MRI 
vs. Histopathology 
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Three studies (49,126,163) attempted to quantify the extent of adenomyosis 
by reporting the absolute number of HSI foci (on T2 imaging) in the 
myometrium (as shown in Figure 2.15). No cut-off value regarding the number 
of HSI foci has been described, with the majority of studies denoting their 
presence as stand-alone evidence of adenomyosis.  

 
Figure 2.15: Sagittal T2W MRI showing subtle high signal intensity (HSI) foci 
in the junctional zone (JZ) 
 
Four studies (52,140,141,163) described a method to quantify the SI of 
adenomyotic tissue further, on T2 imaging. In these studies the relative SI ratio 
of adenomyotic tissue was compared to that of apparently normal 
myometrium, or rectus muscle, and given an absolute value (see Figure 2.16 
for a visualization). This ratio has not been investigated for diagnostic 
accuracy.  
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Figure 2.16: Sagittal T2W MRI showing an example of adenomyosis tissue 
(A) signal intensity (SI) versus that of the rectus muscle (R) 
 
Tissue Diffusion Characteristics 
Finally, five studies (see Table 2.1) used diffusion weighted imaging (DWI) to 
characterize adenomyosis, and attempted to quantify this. In these studies, the 
apparent diffusion coefficient (ADC) was measured for adenomyotic tissue 
compared to healthy uterus tissue, or other types of lesions (fibroids, 
sarcomas). DWI allows visualization of water diffusion characteristics of 
different types of tissue, of which ADC is a quantitative measure (173). Tian et 
al. (119) investigated the added value of adenomyosis DWI and ADC values, 
and found it significantly improved diagnostic accuracy compared to 
conventional MRI sequences (95.7% vs. 89.1% respectively). Similarly, 
Kilickesmez et al. (143) found that JZ tissue in adenomyosis patients had 
significantly different ADC values compared to JZ tissue in healthy patients 
(albeit not compared to histopathological diagnosis).  
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Table 2.2: Pooled Diagnostic Accuracy of Individual MRI Parameters for 
Adenomyosis 

Adenomyosis MRI Feature Studies investigating 
diagnostic accuracy (n) 

Pooled Sensitivity  
(%, 95% CI) 

Pooled Specificity 
(%, 95% CI) 

JZ Thickness > 12mm 4  71.6 (46.0 – 88.2) 85.5 (52.3 – 97) 

JZ Differential >5mm 2  58.2 (44.3-72.1) 83.2 (71.3 – 90.8) 

JZ to Myometrium Ratio >40% 2  63.3 (51.9-73.4) 79.4 (42.0-95.4) 

Enlarged Uterus 2 42.9 (15.9-74.9) 87.7 (37.9 – 98.8) 

Myometrial Cysts 3 59.6 (41.6-75.4) 96.1 (80.7 – 99.3) 

 
Correlation with Clinical outcomes: 
JZ thickness was most often investigated as an in relation to clinical outcomes. 
Several studies (n= 8) used (reduction in) JZ thickness as a measure of 
therapy response, but relatively few studies investigated (change in) JZ 
thickness and other clinical outcomes. Those that did, reported conflicting 
results (51,59,72,152). Froeling et al. and Fukunishi et al. could not find a 
direct relationship between JZ thickness and symptom reduction or severity 
(53,136). Conversely, four other studies did report an direct association 
between duration and severity of dysmenorrhea and JZ thickness 
(59,60,77,152).  An increase of average JZ thickness with age, suggesting a 
relationship to higher incidence of adenomyosis in older women has also 
been reported (72,77,100). Kunz et al. (100) and Kissler et al. (51) 
investigated JZ thickness in the context of uterine dysperistalsis-associated 
infertility but did not find a significant relationship. Further studies 
(8,12,149,151) evaluated JZ thickness in the context of endometriosis 
phenotypes, whereby Larsen et al. (149) reported an increased mean JZ in 
conjunction with endometriosis severity. Chapron et al. refuted this however 
(12).  
 
Uterine size and morphology has also been somewhat correlated to clinical 
outcomes (see Table 1), with uterine volume sometimes used in the context of 
symptom reduction. Generally, uterine size was directly associated with 
severity of adenomyosis symptoms. 
 
Furthermore, several attempted to correlate tissue signal intensity with therapy 
response (49,144,163). Keserci et al. (52) suggested that a lower 
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adenomyosis SI ratio vs normal myometrium was associated with more 
symptom reduction after therapy. 
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DISCUSSION: 
Generally, adenomyosis can be diagnosed and quantified on MRI by looking 
at four characteristics: junctional zone thickness and (ir)regularity, 
adenomyosis lesion size, uterine morphology, and (relative) myometrial signal 
intensity. We are unable to suggest from our results which single MRI 
parameter is most accurate as a diagnostic criterion due a lack of data, 
however JZ thickness is the most widely used. Most reported diagnostic 
adenomyosis MRI parameters have in fact not been verified versus the gold 
standard of histopathology. Only a small number of studies investigated the 
correlation between MRI phenotype and clinical outcome, with conflicting 
results. 
 
This is the first review to specifically investigate how adenomyosis can be 
objectively quantified on MRI and which summarizes the diagnostic potential 
of individual MRI parameters up to now. Previous similar reviews have looked 
at the use of MRI in the diagnosis and classification of adenomyosis in 
general, or the JZ separately (16,32). Munro et al. (32) and Kobayashi et al. 
(16) reviewed the existing classification systems for adenomyosis on imaging 
and histology and attempted to correlate MRI findings to clinical outcomes. As 
with our review, the classification systems and diagnostic criteria were shown 
to vary widely, and few studies correlated clinical outcomes in adenomyosis 
to MRI phenotype. This was also noted by Gordts et al. (43), highlighting a 
need for standardized classification and diagnosis of adenomyosis. It has 
been postulated that adenomyosis phenotype may not be able to be reliably 
correlated to clinical outcomes (32), and it should be noted that imaging 
alone may not be the final answer in defining adenomyosis phenotypes. More 
knowledge of the (epi)genetic profile of adenomyosis, in combination with 
well-defined and detailed imaging, will likely provide a definitive 
characterization of the disease in future. Several studies have summarized the 
relationship of JZ thickness generally to various clinical outcomes (46,98). 
These studies reported a significant relationship between JZ thickness and 
outcomes such as infertility, or menstrual phase; however, it is unknown how 
this may translate to adenomyosis patients. Of the studies included in this 
review, it could be suggested that JZ thickness is correlated to symptom 
severity, treatment response, infertility and age.  
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Imaging of the uterine anatomy and function has progressed rapidly over the 
last few decades, with sophisticated functional imaging of the uterus becoming 
more common. This is leading to new insights into different aspects of uterine 
function such as uterine movement, blood flow and structural and functional 
changes during the menstrual cycle (174,175). Techniques employed now 
include DWI, blood oxygenation function studies and cine MRI (176–178). 
More recently, the use of DTI has also been explored in uterine and 
gynaecological disorders like endometriosis, malignancies and uterine 
fibroids, suggesting great potential in the use of these techniques in 
gynaecological conditions (179,180). Their diagnostic potential remains to be 
definitively evaluated, however the one study which investigated DTI for its 
diagnostic potential showed superior accuracy over conventional MRI (119).  
 
There are several limitations which may impact our results. First, despite their 
benefits, our broad inclusion criteria inevitably led to a heterogeneous 
selection of study designs and populations. This makes it difficult to apply the 
MRI parameters presented to specific patient groups (i.e. pre- or post-
menopausal, symptomatic or asymptomatic, with or without concomitant 
fibroids or endometriosis etc.). Furthermore, many studies did not report on 
the specific diagnostic performance of individual parameters, meaning we 
could only include a small number of studies in our quantitative analysis. 
Studies which did report on individual MRI parameters also showed varied 
quality and results, leading to broad confidence intervals in our pooled 
analysis. As a result, we were not able to answer one of the objectives of our 
review; namely, which individual parameter is most accurate.   
 
Few studies corrected for influence of the menstrual cycle. Evaluation of the JZ 
can be problematic as its thickness changes during the menstrual cycle and is 
affected by hormonal therapy, making it difficult to distinguish between 
‘normal’ JZ and adenomyosis foci (42). This thought has been echoed in 
previous reviews bringing the reliability of only JZ evaluation as a diagnostic 
marker for adenomyosis into question (29,45). It is debatable how much 
adenomyotic tissue in the JZ responds to these hormonal stimuli (42), but it is 
accepted that MRI diagnosis should take place in the proliferative phase of 
the menstrual cycle to minimize hormonal influence. Furthermore, only eight 
studies used 3.0T MRI, with the majority using 1.5T coils, which impacts 
overall image quality and thus diagnostic potential.   
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Another noteworthy issue is that included studies used different definitions of 
adenomyosis. Whilst the definition used was often similar, exact criteria and 
cut-off values varied. This difference persisted in recent studies, which confirms 
a lack of consensus regarding diagnostic criteria for adenomyosis on MRI. 
The histopathological definition used for adenomyosis was similarly often 
unclearly defined. 
 
Despite these limitations, we do believe the results of our review are clinically 
relevant and highlight future research opportunities. Our inability to 
comprehensively summarize the clinical impact of adenomyosis on MRI serves 
in highlighting the need for studies which specifically investigate this 
correlation. If the MRI phenotype of adenomyosis can be definitively linked to 
certain clinical outcomes (fertility, treatment response, symptom severity), this 
would be of great value for both clinicians and patients. The overview 
provided here can form the basis for such research, and thereby aid in the 
creation of an objective, accurate, clinically applicable, and commonly 
accepted classification system of adenomyosis. The development of a (patient-
specific) diagnostic tool or predictive algorithm based on individual MRI 
parameters could also be facilitated by the results presented here.  
 
CONCLUSION: 
This review has identified three main characteristics that can be quantified on 
MRI in order to visualize the extent of adenomyosis. These characteristics are 
also of generally acceptable diagnostic accuracy and can be used to 
differentiate adenomyosis on MRI from other uterine lesions and disorders. 
Knowledge of these parameters can form the basis for much-needed research 
into how adenomyosis severity on MRI can be related to clinical outcomes 
and aid in the development of an objective diagnostic tool for adenomyosis.  
More research into the characterization of adenomyosis using MRI imaging 
techniques is needed in order be able to fully characterize adenomyosis 
objectively and be sure of the diagnostic accuracy of these imaging 
modalities. 
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ABSTRACT 
Objective: Development of a multivariate prediction model based on MRI and 
clinical parameters for histological adenomyosis diagnosis 
 
Materials and Methods: This single centre retrospective cohort study took 
place in the gynaecological department of a referral hospital. 296 undergoing 
hysterectomy with preoperative pelvic MRI between 2007-2022 were included. 
MRI’s were retrospectively assessed for adenomyosis markers (junctional zone 
(JZ) parameters, high signal intensity foci (HSI) foci) in a blinded fashion. A 
multivariate regression model for histopathological adenomyosis diagnosis was 
developed based on MRI and clinical variables from univariate analysis with 
p>0.10 and factors deemed clinically relevant.  
 
Results: 131/296 women (44.3%) had histopathological adenomyosis. 
Patients were of comparable age at hysterectomy, BMI and clinical symptoms, 
p>0.05. Adenomyosis patients more often had undergone a curettage (22.1% 
vs. 8.9%, p=0.002), a higher mean JZ thickness (9.40 vs. 8.35mm, p <.001), 
maximal JZ thickness (16.00 vs. 13.40mm, p<.001), mean JZ/myometrium 
ratio (0.56 vs. 0.49, p=.040), and JZ differential (8.60 vs. 8.15mm, p=.003). 
Presence of HSI foci was the strongest predictor for adenomyosis (39.7% vs. 
8.9%, p<.001). Based on the parameters age and BMI, history of curettage, 
dysmenorrhoea, abnormal uterine bleeding (AUB), mean JZ, JZ Differential ³ 
5mm, JZ/myometrium ratio >.40, and presence of HSI Foci, a predictive model 
was created with a good Area Under the Curve (AUC) of .776. 
 
Conclusions: This is the first study to create a diagnostic tool based on MRI and 
clinical parameters for adenomyosis diagnosis. After sufficient external 
validation, this model could function as a useful clinical-decision making tool in 
women with suspected adenomyosis.  
 
KEYWORDS: Adenomyosis; MRI; Hysterectomy; Pathology; Diagnosis; 
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ABBREVIATIONS: 
MRI: Magnetic Resonance Imaging; TVUS: Transvaginal Ultrasound; JZ: 
Junctional Zone; BMI: Body Mass Index; OR: Odds Ratio; AUB: Abnormal 
Uterine Bleeding;   
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INTRODUCTION: 
The gold standard for diagnosing adenomyosis is histopathological after 
hysterectomy. Adenomyosis can also be diagnosed using Magnetic 
Resonance Imaging (MRI) (29,31,181). Accurate diagnosis on MRI remains 
challenging as a consensus on diagnostic criteria is lacking (19). Clinically, 
adenomyosis can be suspected based on symptoms (dysmenorrhoea, 
abnormal uterine bleeding (AUB) and infertility (19,81)), but this can be 
difficult due to up to a third of patients being asymptomatic (5,19). Ultrasound 
(TVUS) diagnostic criteria do exist and are the most commonly used non-
invasive diagnostic tool(182–184), but are dependent on experienced 
sonographers (125,185,186). Furthermore, TVUS is less reliable in cases of 
mild or atypical adenomyosis (24,182). Moreover, in cases with combined 
pathology (e.g. adenomyosis and fibroids, or adenomyosis and 
endometriosis) TVUS diagnosis can be extra challenging (182). In cases such 
as these, MRI can help lead to a more definitive diagnosis.  
 
In the frequently associated condition endometriosis (187), reported 
diagnostic delay is up to nine years (20,21). The diagnostic delay for 
adenomyosis is unknown. The mental and physical toll on women suffering 
from either of these conditions is considerable (188). Especially in women of 
fertile age, there is a need for an accurate diagnostic tool so that appropriate 
management can be implemented swiftly. Early diagnosis is clinically relevant 
even in mild cases, due to a potential for reproductive sequelae (81). Such a 
tool could also be used to predict certain clinical outcomes such as treatment 
response, or fertility outcomes. 
 
There are a wide range of MRI parameters that can be used to characterise 
adenomyosis, such as junctional zone (JZ) thickness, myometrial signal 
intensity and uterine size (33,181). Many of them have not been investigated 
for diagnostic accuracy, and little is likewise known about their correlation 
with clinical outcomes (32,181). Despite attempts to create (imaging-based) 
classification systems for adenomyosis (16,17), there exists no clinically 
applicable tool for prediction of adenomyosis diagnosis on MRI.  
 
This study aims to create a multivariate prediction model for histopathological 
diagnosis of adenomyosis based on a combination of MRI parameters and 
clinical criteria prior to hysterectomy.   
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MATERIALS AND METHODS: 
Study Objective: 
To develop a multivariate prediction model for adenomyosis diagnosis on 
histopathology after hysterectomy based on MRI and clinical parameters. 
 
Setting: 
Gynaecological department of a Dutch regional referral teaching hospital. 
 
Design: 
Single centre retrospective observational cohort study 
 
Patient Selection and Eligibility: 
Patients were selected through screening of electronic hospital patient records 
in Healthcare Information eXchange (HiX) (ChipSoft BV, Amsterdam, the 
Netherlands), based on electronic search queries in CTcue (CTcue BV, 
Amsterdam, the Netherlands). Relevant search terms are presented in appendix 
3A.  
 
Women were eligible for inclusion if they underwent a hysterectomy due to 
benign pathology in our centre between 2007 and March 2022 and had pre-
operative pelvic MRI available. Subjects were included regardless of symptoms. 
Subjects were excluded if: they did not have a pelvic MRI prior to hysterectomy, 
they had an unsuitable MRI protocol (see appendix 10B for further 
specification),  they were post-menopausal (due to no longer active disease), 
had a gynaecological malignancy, or if no pathology report was available after 
hysterectomy. Patients were also excluded if they explicitly stated that they did 
not want their information to be used for research purposes.  
 
Outcomes: 
The primary outcome assessed in this study is the histopathological diagnosis of 
adenomyosis after hysterectomy. Secondary outcomes include clinical and MRI 
parameters of included patients.  
 
Histopathology Diagnosis: 
Adenomyosis was diagnosed based on histopathology if endometrial glands 
were seen in the myometrium: 
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• At least one low power field from (an irregular) endo-myometrial 
junction, or 

• 1 to 2.5 mm below basal layer of endometrium, or 
• Deeper than 25% of the overall myometrial thickness 

 
Local MRI Protocol: 
All pelvic MRIs were carried out with either a 1.5T or 3T MRI system (Philips, 
Ingenia, the Netherlands). Local protocol included a T2-weighted turbo spin 
echo (T2-TSE) sequence in the sagittal, axial, and coronal planes, and a T1-
weighted turbo spin echo (T1-TSE) sequence in the axial plane. A slice thickness 
of 3 millimetres was generally used, with variations ranging from 3-5 
millimetres. All patients were pre-treated with an antispasmodic agent (1 mL of 
20 mg/mL BuscopanÒ, Sanofi, Paris, France) intravenously or intramuscularly 
to minimise the effects of uterine and bowel peristalsis on image interpretation. 
Some patients received multiple pelvic MRIs prior to hysterectomy. In those 
cases, the MRI closest to the hysterectomy was chosen for the assessment. See 
appendix 10B for full details.  
 
MRI Assessment: 
Two investigators (MvdW and CR) independently reviewed all pelvic MRIs for 
signs of adenomyosis blinded to the final histopathological diagnosis. 
Adenomyosis was suspected when one or more of the following features was 
present: (irregular) JZ >12mm, presence of myometrial high signal intensity 
(HSI) foci and/or asymmetric enlarged uterus (other than due to presence of 
leiomyoma’s). Measurements were done using Spectra IDS7 version 21.1 
(Linköping, Sweden). Table 3.S1 shows an overview and definition of the 
parameters that were measured. Consensus was reached if there was a 
difference of <2mm.  If discrepancies existed between the assessments of the 
two investigators, expertise was sought from a pelvic radiologist (J.N.). The 
researchers independently concluded whether an MRI adenomyosis diagnosis 
was suspected, after which the pathology report was consulted to review the 
conclusive histopathological diagnosis. The influence of uterine contractions on 
JZ measurements was minimised by confirming (maximal) JZ thickness in more 
than one imaging plane. In the case of bad quality MRIs, or extremely 
abnormal uteri affecting the ability for assessment, only those MRI parameters 
that could be reliably measured were assessed.  
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Data Management: 
To store patient data, protected software, Research Manager (Research 
Manager, Deventer, the Netherlands), was used. Data pertaining to patients 
were given a pseudonymised study ID and could therefore not be traced back 
to the individual patient. 
 
Data Analysis and Model Development 
The study was conducted conform both the STROBE (189) and the TRIPOD 
statements (190) (see appendices 10C and 10D for the appropriate checklists). 
All statistical analyses were conducted with IBM SPSS Statistics, version 28.0 
(IBM Corp., Armonk, NY, USA). Flowcharts were created using Miro (Miro, 
Amsterdam, the Netherlands). Except for univariate logistic regression analysis, 
a p-value of <.05 was considered statistically significant for all variables. 
 
Between-group differences were compared between patients with and without 
a histopathological adenomyosis diagnosis after hysterectomy. For clinical 
characteristics and primary MRI parameters, counts and frequencies were 
reported. For normally distributed continuous variables, means and standard 
deviations were calculated. For continuous variables that were not normally 
distributed, medians and inter-quartile ranges were given. To assess between-
group differences for continuous variables, Student’s t-Test and Mann-Whitney 
U test were used. For categorical variables, the Chi Squared test was used. 
 
For all possible predictive factors, sensitivity, specificity, PPV, NPV, positive 
likelihood ratio (PLR), negative likelihood ratio (NLR), and accuracy were 
calculated. Potential threshold values of continuous variables were investigated 
using Receiver Operator Characteristics (ROC) curves and Area Under the 
Curve (AUC) to identify appropriate cut-off values, and to test the prognostic 
diagnostic potential for histopathological adenomyosis diagnosis. 
 
For the development of the prediction model, the methodology as described by 
Grant et al. (191) and the TRIPOD guidelines were followed (190). For all 
individual potential predictors for a histopathological adenomyosis diagnosis, 
a univariate logistic regression analysis was first performed. The odds ratios 
(ORs) with their corresponding 95% confidence intervals (CIs) were reported. 
Missing values were dealt with by multiple imputation. Furthermore, interaction 
terms were used to test possible interaction between individual predictive 
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factors. Tests for multicollinearity were performed as well to assess potential 
correlation between predictors. Individual variables were used for inclusion into 
the multivariate logistic regression model if they had a p-value <.10 in the 
univariate logistic regression analysis, or if they were considered clinically 
relevant, and if they had a high diagnostic performance 
(sensitivity/specificity>70% or AUC >0.70). Overfitting of the model was 
avoided by reducing the number of variables included in the model and by 
using shrinkage factors. Model fit was further improved by including additional 
predictive power of continuous variables based on locally weighted smoothing 
(LOESS). 
 
The final model was evaluated for discrimination and calibration performance. 
The AUC was obtained to discriminate between women with and without a 
histopathological adenomyosis diagnosis after hysterectomy. To assess the 
calibration of the predicted probabilities, and to show the relation between 
predicted and observed probabilities for the histopathological adenomyosis 
diagnosis, an observed to expected ratio was calculated and a Hosmer and 
Lemeshow Test was performed.  
 
Ethics Statement: 
This study  was approved by the local medical ethical review board, with study 
number nWMO-2020.135. Informed consent was waived due to the 
retrospective study design.  
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RESULTS: 
Patient selection 
296 women out of 1,139 potentially eligible women, were included for 
analysis. See Figure 3.1 for detailed overview of the patient selection and 
exclusion procedure.  

 
Figure 3.1. Flowchart of Patient Selection and Exclusion 
 
Patient characteristics 
Table 3.1 presents patient characteristics of patients with and without a 
histopathological adenomyosis diagnosis. Out of 296 patients undergoing 
hysterectomy, 131 (44.2%) received adenomyosis diagnosis based on 
histopathology. 34.4% (45/131) patients had concomitant uterine fibroids, and 
53.4% (70/131) had concomitant endometriosis (as diagnosed by MRI or 
laparoscopy). In general, age, Body Mass Index (BMI), medical history, and 
clinical symptoms were comparable between patients with and without 
adenomyosis (p>.05). However, patients with a histopathological diagnosis of 
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adenomyosis more often had a history of curettage after miscarriage (22.1% 
vs. 8.9%, p=.002).  
 
Table 3.1: Patient Characteristics 

 Histopathology  
p-value Adenomyosis 

(n=131) 
No Adenomyosis (n=165) 

Demographics     
Age at MRI 42.24 ± 5.943 40.94 ± 6.019 .617 
BMI 26.82 ± 5.539 26.38 ± 5.474 .416 
Intoxications    
Smoking 35 (26.7%) 44 (28.0%) .629 
Medical History    
History of Curettage*  29 (22.1%) 14 (8.9%) .002 
Gravidity 3.0 ± 2.0 2.5 ± 2.0 .342 
Parity 2.0 ± 2.0 2.0 ± 1.0 .814 
History of Caesarean Section 33 (25.2%) 55 (35.0%) .542 
Irregular cycle† 30 (22.9%) 36 (22.9%) .562 
Hormonal medication‡ 57 (43.5%) 62 (39.5%) .426 
Endometriosis§ 70 (53.4%) 72 (45.9%) .200 
Uterine Fibroids 45 (34.4%) 65 (41.4%) .220 
Symptoms    
Dysmenorrhoea 96 (73.3%) 99 (63.1%) .491 
AUB 81 (61.8%) 88 (56.1%) .201 
Chronic pain 95 (72.5%) 110 (70.1%) .779 
Subfertility 26 (19.8%) 39 (24.8%) .417 
Dyschezia 18 (13.7%) 30 (19.1%) .185 
Dyspareunia 50 (38.2%) 66 (42.0%) .903 

MRI= Magnetic Resonance Imaging; BMI= Body Mass Index; AUB=Abnormal Uterine Bleeding; 
*in the context of miscarriage or termination of pregnancy 

† defined as <21 days or >35 days in duration or cycle length that varied from month to month 
by >4 days 

‡i.e. combined oral contraceptive pill (COC), progesterone only pill (POP), GnRH antagonist, 
levonorgestrel intra-uterine device (Ln-IUD) 

§ as diagnosed on MRI or laparoscopy 

 
MRI characteristics 
Table 3.2 presents primary MRI characteristics of patients with and without a 
histopathological diagnosis of adenomyosis. 21 patients were not assessed on 
MRI due to a poor quality of the MRI, or the inability of the researchers to 
identify the endometrium or the JZ (e.g. due to disruption of the normal uterine 
anatomy in patients with severe uterine fibroids). Furthermore, 52 MRIs were 
re-assessed and discussed with a third investigator due to discrepancies 
between the two researchers. Most discrepancies related to the presence of 
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High Signal Intensity (HSI) foci (n=31) and individual JZ measurements 
(including JZ Max) (n=15) (see Table S2 for further details). 

 
Table 3.2: MRI Characteristics for patients with adenomyosis diagnosis versus 
those without 

 Histopathology   

 Adenomyosis (n=131) No Adenomyosis (n=165) p-value 

MRI Features    

Mean JZ (mm) 9.40 ± 6.40 8.35 ± 4.60 <.001 

JZ Max (mm) 16.0 ± 10.10 13.40 ± 6.20 <.001 

JZ Diff (mm) 8.60 ± 7.20 8.15 ± 5.50 .003 

Mean JZ/MYO 0.56 ± 0.29 0.49 ± 0.21 .040 

Mean JZ Asymmetry (mm) 0.10 ± 3.50 0.35 ± 2.90 .518 

Mean Wall Thickness (mm) 18.72 ± 6.50 17.12 ± 6.00 .069 

Mean Wall Asymmetry (mm) 1.73 ± 6.50 1.02 ± 6.10 .295 

Mean Uterine Length (mm) 88.80 ± 17.90 89.05 ± 18.70 .989 

Mean Uterine Volume (mm3) 240,774.63 ± 167,707.00 214,199.41 ± 160,215.50 .613 

Adenomyosis Focus SI 402.00 ± 191.00 422.50 ± 213.80 .363 

SI Ratio 2.18 ± 1.02 2.38 ± 1.15 .521 

JZ Max ³12 mm (n) 87 (66.4%) 73 (46.5%) .004 

JZ Diff ³5 mm (n) 109 (83.2%) 99 (63.1%) .024 

JZ/MYO >.4 (n) 92 (70.2%) 98 (62.4%) .021 

HSI Foci (n) 52 (39.7%) 14 (8.9%) <.001 

MRI = Magnetic Resonance Imaging; JZ = Junctional Zone; Max = Maximum; JZ Diff = Junctional 
Zone Differential; JZ/MYO = Junctional Zone to Myometrium Ratio; SI = Signal Intensity; HSI = 
High Signal Intensity 
 

Significant differences between groups were found for mean JZ thickness, 
maximal JZ thickness, and JZ differential (JZ Diff) (p<.001, <.001, and .003, 
respectively). Similar differences were observed for the cut-offs of JZ ³12 mm, 
JZ Diff ³5 mm, and JZ to myometrium ratio (JZ/MYO) >.4 (p=.004, .024, and 
.021, respectively). Compared to patients without adenomyosis, the MRIs of 
patients with adenomyosis more often showed HSI foci (39.7% vs. 8.9%, 
p<.001). Figure 3.2 shows illustrative examples of these MRI features in 
patients with and without a histopathological diagnosis of adenomyosis. 
 



 80 

 
Figure 3.2. Illustrative examples of MRI’s of two included patients. A. MRI 
measurements in a patient without histopathological diagnosis of adenomyosis. 
Mean JZ thickness was 8.7mm (<12mm), JZ Max was 9.8 mm (<12 mm), and 
JZ Diff was 3.8mm (<5 mm). JZ/MYO was .50 (>.40), and HSI foci were not 
present. B. MRI measurements in a patient with histopathological diagnosis of 
adenomyosis. Mean JZ thickness was 24.6 mm (³12 mm), JZ Max was 45.8 
mm (³12 mm), and JZ Diff was 40.5 mm (³5mm). JZ/MYO was 0.74 (>.40), 
and HSI foci were present (white arrows)
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Diagnostic accuracy 
Table 3.3 presents the diagnostic accuracy of MRI in general and the individual 
potential predictors of adenomyosis. MRI overall had a sensitivity of 50.4%, a 
specificity of 66.9%, a PPV of 55.9%, a NPV of 61.8%, a positive LR of 1.5, 
and a negative LR of 0.7. The overall accuracy was 59.4%. A history of 
curettage showed an overall accuracy of 59.7%, with a sensitivity of 22.1%, a 
specificity of 91.1%, a PPV of 67.4%, a NPV 58.4%, a positive LR 2.5, and a 
NLR of 0.9. Additionally, AUB had a sensitivity of 94.2%, a specificity of 11.1%, 
a PPV of 47.9%, and a NPV of 68.8%. The positive LR of AUB was 1.1, negative 
LR 0.5, and overall accuracy 49.7%. A JZ Diff ³ 5 mm on MRI had an overall 
accuracy of 54.8%, with a sensitivity of 88.6%, a specificity of 22.0%, a PPV 
of 52.5%, a NPV of 66.7%, a positive LR of 1.1, and a negative LR of 0.5. The 
sensitivity of the presence of HSI foci was 40.3%, the specificity was 91.0%, the 
PPV was 48.4%, and the NPV was 52.6%. The positive LR was 4.8, the negative 
LR was 0.7, and the overall accuracy was 68.1%. Reader (CR and MvdW) 
detection versus initial radiologist diagnosis is shown in Table S3.  
 
In tests for individual prognostic diagnostic potential using the ROC-curve, no 
continuous variables showed an AUC ³0.7. Highest AUCs were found for mean 
JZ thickness and JZ Max (AUC .624) (data not shown).  
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Table 3.3: Diagnostic Accuracy of MRI and Clinical Parameters for 
Histopathological Adenomyosis Diagnosis 

 Histopathological Adenomyosis Diagnosis 
 Sensitivity Specificity PPV NPV PLR NLR Overall accuracy 
MRI Overall  50.4% 66.9% 55.9% 61.8% 1.5 0.7 59.4% 
Intoxications        
Smoking 38.9% 57.7% 44.3% 52.2% 0.9 1.1 49.0% 
Medical History        
History of Curettage 22.1% 91.1% 67.4% 58.4% 2.5 0.9 59.7% 
History of Caesarean 
Section 

91.7% 5.2% 37.5% 50.0% 0.9 1.6 70.2% 

Irregular cycle 36.1% 59.6% 45.5% 50.0% 0.9 1.1 48.3% 
Hormonal medication  53.3% 51.9% 47.9% 57.3% 1.1 0.9 52.5% 
Symptoms        
Dysmenorrhoea 94.1% 8.3% 49.2% 60.0% 1.0 0.7 50.0% 
AUB 94.2% 11.1% 47.9% 68.8% 1.1 0.5 49.7% 
Chronic Pain 97.9% 2.7% 46.3% 60.0% 1.0 0.8 46.7% 
Subfertility 19.8% 75.2% 40.0% 5.9% 0.8 1.1 50.0% 
Dyschezia 23.4% 67.4% 37.5% 51.2% 0.7 1.1 47.3% 
Dyspareunia 72.5% 26.7% 43.1% 55.8% 1.0 1.0 46.5% 
Endometriosis  53.4% 54.1% 49.3% 50.7% 1.2 0.9 53.8% 
Uterine Fibroids 34.4% 58.6% 40.9% 51.7% 0.8 1.1 47.6% 
MRI Features        
Mean JZmax ³12mm 71.9% 45.5% 54.4% 64.2% 1.3 0.6 58.0% 
Mean JZdiff  ³5 mm 88.6% 22.0% 52.4% 66.7% 1.1 0.5 54.8% 
Mean JZ/MYO ³.4 71.3% 29.5% 48.4% 52.6% 1.0 1.0 49.6% 
HSI Foci 40.3% 91.0% 78.8% 64.8% 4.8 0.7 68.1% 

PPV = Positive Predictive Value; NPV = Negative Predictive Value; PLR = Positive 
Likelihood Ratio;  
NLR = Negative Likelihood Ratio; AUB=Abnormal Uterine Bleeding; JZmax = Maximal 
Junctional Zone Thickness; JZdiff = Junctional Zone Differential; JZ/MYO = Junctional 
Zone to Myometrium Ratio; HSI = High Signal Intensity.  
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Prediction of histopathological adenomyosis 
Table 3.4 presents the results of both univariate and multivariate logistic 
regression analysis. Univariate logistic regression analysis showed p-values 
<.10 for: age at MRI, history of curettage, mean JZ thickness, JZ Max, JZ Diff, 
JZ/MYO, mean uterine volume, JZ Max ³12 mm, JZ Diff ³5 mm, and the 
presence of HSI foci. The potential predictors showed no two-way interaction; 
however, mean JZ thickness, JZ Max, and JZ Diff did show multicollinearity. 
These variables were not included in the multivariate regression model to avoid 
overoptimism. Nevertheless, high diagnostic performance was found for 
dysmenorrhoea and AUB (sensitivity/specificity >70%). Additionally, due to 
clinical relevance, BMI was manually forced into the multivariate model. The 
final model included age at MRI, BMI, history of curettage, dysmenorrhoea, 
AUB, mean JZ thickness, JZ Diff ³5 mm, JZ/MYO >.40, and the presence of HSI 
foci. In this model, mean JZ thickness, JZ/MYO >.40 and the presence of HSI 
foci reached statistical significance. Preference was given to variables with the 
most statistical significance in univariate analysis, and the number of included 
variables in the model was kept to a minimum. To further correct the model for 
overfitting, a shrinkage factor of .747 was applied. Since LOESS already 
showed a good model fit for the continuous variables of interest, no 
modifications were necessary. The formula for the final prediction model 
therefore is as follows:  
 

! = 	 !
"	$	%&(&(.*+,$(-.%∗.0(*)$(234∗.0*,)$(56789:;	9<	=>:%88-.%	(;%7?"	@9?0)∗.,(()$
(A;7B%@9::59%-	(;%7?"	@9?0)∗.0C()$(DE2	(;%7?"	@9?0)∗.0*F)$(B%-@	GH∗."(F)$

(GH	I6<<	³J	BB	(;%7?"	@9?0)∗.(*0)&K !"
#$%L.0+	(;%7?"	@9?0)∗".**,M$

(NO4	P9=6	(;%7?"	@9?0)∗"."+F)

  

 
Discrimination performance evaluation of this prediction model showed an AUC 
of .776. A sub-analysis was conducted to assess whether the clinical query 
presented to the pathologist affected model diagnostic performance. The 
pathologist was directly asked to assess for the presence of adenomyosis in 
142/296 patients. Model diagnostic performance did not improve significantly 
when adenomyosis was specifically evaluated for (data not shown).  
 
Calibration performance evaluation showed an observed to expected ratio of 
1.2, and the Hosmer and Lemeshow test that did not reach statistical significance 
(p=.688). 
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Table 3.4: Univariate and Multivariate Logistic Regression Analysis for 
Histopathological Adenomyosis Diagnosis. 

 Univariate analysis Multivariate analysis 

Variable dOR 95% CI p-value dOR 95% CI p-value 

Age at MRI 1.037 .997-1.079 .070 1.044 .966-1.128 .275 

BMI 1.015 .972-1.059 .506 1.036 .965-1.112 .327 

Intoxications       

Smoking .868 .488-1.543 .629    

Medical History       

History of Curettage 2.904 1.462-5.770 .002 2.332 .734-7.414 .151 

Gravidity 1.074 .849-1.359 .551     

Parity 1.038 .821-1.313 .753     

History of Caesarean 
Section 

.600 .114-3.148 .546     

Irregular Cycle .833 .450-1.543 .562     

Hormonal Medication 1.232 .737-2.058 .426     

Endometriosis 1.355 .851-2.157 .201     

Uterine Fibroids .741 .458-1.197 .221     

Symptoms         

Dysmenorrhoea 1.455 .499-4.243 .493 1.103 .210-5.787 .907  

AUB 2.025 .674-6.080 .208 1.038 .260-4.139 .958  

Chronic Pain 1.295 .212-7.917 .779     

Subfertility .749 .427-1.314 .314     

Dyschezia .631 .318-1.250 .187     

Dyspareunia .957 .473-1.937 .903     

MRI Features         

Mean JZ 1.132 1.061-1.207 <.001 1.203 1.040-1.392 .013  

JZ Max 1.083 1.039-1.128 <.001     

JZ Diff 1.089 1.035-1.146 <.001     

Mean JZ Asymmetry 1.031 .979-1.087 .250     

Mean Wall Thickness .997 .972-1.023 .823     

Mean Wall Asymmetry 1.004 .988-1.021 .613     

Mean JZ/MYO 4.148 1.102-15.61 .035     

Mean Uterine Length .995 .987-1.002 .173     

Mean Uterine Volume 1.000 1.000-1.000 .043     

Adenomyosis Focus SI 1.001 1.000-1.002 .162     

SI Ratio .936 .774-1.131 .492     

JZ Max ³12 mm 2.138 1.268-3.605 .004     
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JZ Diff ³5 mm 2.202 1.097-4.420 .026 1.535 .441-5.351 .501  

JZ/MYO >.4 1.040 .614-1.763 .883 0.194 .060-.621 .006  

HSI Foci 6.850 3.568-13.148 <.001 4.650 1.857-11.648 .001  

dOR= Diagnostic Odds Ratio; CI = Confidence Interval; BMI = Body Mass Index; AUB: 
Abnormal Uterine Bleeding; JZ = Junctional Zone; JZ Max = Maximal Junctional Zone 
Thickness; JZ Diff = Junctional Zone Differential; JZ/MYO = Junctional Zone to 
Myometrium Ratio; SI = Signal Intensity; HSI = High Signal Intensity. 
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DISCUSSION: 
We assessed clinical and MRI parameters for their potential to predict 
histopathological adenomyosis diagnosis prior to hysterectomy. The resultant 
multivariate prediction model discriminates well between patients with and 
without adenomyosis (AUC 0.776). Five clinical characteristics: age at MRI, 
BMI, history of curettage, dysmenorrhoea, and AUB, and four primary MRI 
parameters: mean JZ thickness, JZ Diff ³5 mm, JZ/MYO >.40, and the presence 
of HSI foci are included.  
 
To the best of our knowledge, no comparable models for histopathological 
adenomyosis diagnosis based on MRI exist. Previous studies have investigated 
prediction of adenomyosis diagnosis based on ultrasound, with comparable 
accuracy (37,184,185). However, it is known that ultrasound diagnosis is highly 
operator dependent, with varying inter- and intra-observer variability 
(183,192,193). An MRI prediction model such as developed in our study thus 
has clinical value especially in cases where adenomyosis co-exists with other 
pathology (as was the case in the majority of our included patients), or is mild, 
or atypical. 
 
The parameters ultimately included in this model are unsurprising when 
considering reported adenomyosis clinical presentation and aetiology. 
Dysmenorrhoea and AUB are the most frequently reported symptoms of 
adenomyosis (19,194) and were thus logical (and statistically significant) 
additions to the model. Age at MRI was further included in the model due to the 
known physiological increase in JZ thickness with age (46,98,195). BMI was 
also manually entered into the model as, despite univariate analysis showing no 
significant association, increased body weight and obesity have been reported 
as strong risk factors for adenomyosis (196).  
 
History of curettage (after miscarriage) established itself to be an important 
predictor and was thus included in our model. It is debatable as to if curettage 
is a cause or a consequence of adenomyosis, as adenomyosis is often 
associated with risk of miscarriage (81). Conversely, curettage as a risk factor 
for the development of adenomyosis could potentially be explained by 
iatrogenic trauma leading to the mechanical transport of endometrial cells into 
the myometrium (8,10).  
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None of the primary MRI parameters alone were sufficient to diagnose 
adenomyosis conclusively, which is in line with the literature (34) . The presence 
of HSI foci emerged as the strongest predictor of the assessed MRI parameters 
(p <.001). Bazot et al. indeed described these foci as the only direct diagnostic 
criterion and almost pathognomonic for adenomyosis on MRI, although they are 
only detected in about half the cases (34). We also find, in agreement with 
recent insights into the (lack of) of diagnostic potential of JZ markers (197–
199), that JZ thickness alone is not specific enough to diagnose adenomyosis 
on MRI. Notably in our cohort for instance, the mean maximum JZ in the non-
adenomyosis cohort was already over the often reported cut-off value of 12mm 
(see Table 2, (45)) for adenomyosis, illustrating how attaching (too) much 
weight to this as a diagnostic marker is not reliable. This is further reflected in 
the low accuracy of MRI diagnosis overall for adenomyosis of 59.4% (see Table 
3) in our cohort, for which JZ thickness >12mm was a main criterion. However, 
our results do suggest that the likelihood of adenomyosis increases with a larger 
JZ, especially if it is also irregular or proportionally takes up a large part of the 
total myometrium (as reflected in the markers JZ Diff and JZ/MYO ratio, see 
Tables 2 and 4). For this reason, it still included our model as a diagnostic 
marker, but without attaching a cut-off value for its general (maximum) thickness.  
 
This study has several strengths and limitations that merit consideration. One 
strength of our study is that two researchers independently reviewed all pelvic 
MRIs blinded to the histopathology outcome. Furthermore, the proposed model 
was built on data of 296 patients and data driven variable selection was 
avoided, along with corrections for potential overfitting. Additionally, the 
combination of both clinical and MRI parameters makes this model easily 
implementable into daily clinical practice.  
 
The present study used broad inclusion criteria, which could be interpreted as 
both a strength and limitation. On the one hand, inclusion of patients with 
comorbidities like uterine fibroids might have prevented an overestimation of 
diagnostic performance of the individual potential predictors. Alternatively, 
severe distortion of the uterus due to fibroids or endometriosis can limit the 
ability for complete objective assessment of all MRI parameters.  
One limitation of the current study is that it was not possible to correct for the 
influence of the menstrual cycle on MRI parameters. Although it is known that 
JZ thickness changes during the menstrual cycle (46), cycle phase at time of MRI 
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was not reported for most of our patients. Furthermore, the choice for 
histopathology after hysterectomy as a reference standard introduces an 
element of selection bias. Potentially, our group consisted of women with more 
severe adenomyosis and thus may have affected the general phenotype. The 
present study did not conduct a central review of pathology however, and 
(histological) adenomyosis severity was generally not reported in pathology 
reports.  Therefore this remains hypothetical.  Similarly, future validation is 
needed to confirm the applicability of this model in women without indication 
for hysterectomy.  
 
In clinical practice, our model could be used to calculate the risk of adenomyosis 
in individual patients. For example, in a 31-year-old woman with a BMI of 19 
kg/m2, without history of curettage, with complaints of both dysmenorrhoea and 
AUB, and an MRI with mean JZ thickness of 8.3 millimetres, a JZ Diff <5 mm, a 
JZ/MYO >.40, but HSI Foci (Figure 2A), the probability of adenomyosis is 
14.9%. In a 35-year-old woman with a BMI of 24 kg/m2, without history of 
curettage, with complaints of both dysmenorrhoea and AUB, and an MRI with 
a mean JZ thickness of 24.6 millimetres, a JZ Diff ≥5 mm, a JZ/MYO >.40 and 
HSI Foci (Figure 2B), this probability increases to 90.3%. 
 
In conclusion, we present an MRI-based clinical prediction model for 
histopathological adenomyosis diagnosis. In future, this tool can be useful for 
both patients and clinicians, with a potential to reduce morbidity and to 
contribute to shared decision making. Since patient management depends on 
several factors, such as age, symptoms, and comorbidity, the clinical use of the 
predicted risks from the proposed model should still be decided on an individual 
basis. Thus, before steps are made for use in clinical practice, external validation 
of the model is needed. 
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ABSTRACT 
Introduction: Non-invasive diagnosis of adenomyosis remains challenging as 
there is still no consensus on diagnostic criteria. This indicates a current need 
for a non-invasive diagnostic tool. This study aims to externally validate a 
previously developed prediction model by Rees et al. to predict likelihood of 
histopathological adenomyosis diagnosis based on MRI 
 
Materials and methods: This single-centre, observational, retrospective cohort 
study took place in a non-academic teaching hospital in the Netherlands. 
Patients were included if they had undergone a hysterectomy on suspicion of 
benign pathology between 2014 and 2022 with a pre-operative pelvic MRI. 
The MRIs were retrospectively assessed for adenomyosis markers. The 
developed model was applied to the patients in this external dataset. The 
prediction model utilized several clinical factors and MRI factors such as mean 
junctional zone (JZ) thickness, JZ Dif->5mm, JZ/myometrium ratio >0.40, and 
presence of high signal intensity (HSI) foci. The predictive performance of the 
model was assessed using the receiver operating characteristic (ROC) curve 
analysis and its calibration and discrimination were evaluated.  
 
Results: Out of 195 patients, 78 patients (40%) received a diagnosis of 
adenomyosis based on histopathology. The previously developed model 
showed good external validity in this population with an Area Under the 
Curve (AUC) of 0.831 (95%CI 0.761 – 0.901). As for calibration, the 
Hosmer-Lemeshow test did not show significant difference between the 
predicted and observed outcome (chi-square 4.398, p = 0.820).  
 
Conclusions: The developed model showed good to excellent discriminative 
performance in this external cohort in predicting the adenomyosis diagnosis 
based on MRI in individual patients. Given the model’s accurate performance 
after external validation, its implementation in daily clinical practice could be 
considered.   
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Introduction 

Adenomyosis is a benign uterine disorder which is defined by the existence of 
endometrial glands and stroma within the myometrium, initiating hypertrophy 
and hyperplasia of the surrounding smooth muscle cells (200). This condition 
can lead to detrimental symptoms, such as dysmenorrhea and infertility. 
Besides, adenomyosis might influence reproductive outcomes and is linked to 
pregnancy complications such as placental insufficiency. Adenomyosis exists in 
approximately 10% of the women of reproductive age and in 30 to 50% of 
women with infertility (81). Alongside physical complaints, a higher risk of 
depression and anxiety and a poorer quality of life in patients with 
adenomyosis have been demonstrated .  
 
Non-invasive diagnosis of adenomyosis remains challenging. Until relatively 
recently, adenomyosis could only be diagnosed through histology after 
hysterectomy (201). This can cause diagnostic delay, since this invasive 
procedure is commonly performed in women in their late reproductive years 
(200). Clinically, the diagnosis of adenomyosis can be presumed, however it is 
difficult to determine due to the nonspecific symptoms and a fraction of women 
being asymptomatic (202). Considering the physical and mental burden and 
consequences of adenomyosis on women, it is absolutely valuable to diagnose 
this condition in a timely fashion.  

Previous studies have demonstrated that adenomyosis can be diagnosed using 
less invasive methods, such as Magnetic Resonance Imaging (MRI) and 
transvaginal ultrasound (TVUS) (33,181). Although, there are TVUS diagnostic 
criteria available for adenomyosis diagnosis, such as the MUSA criteria, the 
reliability is dependent on the experience of the sonographer (30,185). 
Compared to TVUS, MRI is considered to be the most accurate of these 
methods (34). Various parameters on MRI have been investigated that can be 
used to characterize adenomyosis, such as junctional zone thickness, 
myometrial signal intensity and uterine size (33). Despite great efforts to 
create a non-invasive classification system for adenomyosis on MRI, there is as 
yet no clinically implemented tool for the prediction of adenomyosis diagnosis 
(16,43,203). Nevertheless, reliable imaging diagnostic classification systems 
are lacking and the diagnostic process of adenomyosis therefore remains a 
challenge (19).  
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For this reason, a non-invasive, internally validated diagnostic prediction 
model was developed in the Netherlands (204). This model predicts the 
histopathological diagnosis of adenomyosis based on a combination of clinical 
characteristics and MRI parameters prior to hysterectomy. The prediction 
model describes five clinical characteristics: age at MRI, BMI, history of 
curettage, dysmenorrhea and hypermenorrhea. Additionally, four primary 
MRI parameters were included in the model: mean junctional zone (JZ) 
thickness, JZ Differential ³ 5 mm, Junctional Zone to Myometrium Ratio 
(JZ/MYO) ³ 0.40, and the presence of High Signal Intensity (HSI) foci. 
Presence of HSI foci was the strongest significant predictor for adenomyosis in 
this model. The performance of this model showed an Area Under the Curve 
(AUC) after internal validation of 0.776. 

This internally validated model can be useful as a prediction tool in patients 
with suspected adenomyosis and thereafter optimize the management of 
adenomyosis. The management of the disease depends on various aspects, 
such as comorbidities, age, impact of the complaints on daily life. Therefore, 
this tool can assist in shared decision making for both patients and clinicians in 
this management. The aim of this study was to externally validate this 
prediction model by Rees et al., so that this model can be clinically 
implemented for diagnosis of adenomyosis in the general population. 
 
Study Objectives 
The primary objective of this study was hence to perform an external 
validation of the multivariate diagnostic tool previously constructed by Rees et 
al. to predict likelihood of histopathological adenomyosis diagnosis based on 
MRI.  
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Methods 
Study Design 
This study was designed to be a single-centre, observational, retrospective 
cohort study. This geographical external validation study used data from 
‘Medisch Spectrum Twente (MST)’ located in Enschede, a regional non-
academic teaching hospital in the Netherlands.  
 
Patient selection and Data Sources 
Patients were included if they had undergone a hysterectomy on suspicion of 
benign pathology with a pre-operative pelvic MRI. Patients without an 
available pre-operative pelvic MRI were excluded. This study also excluded 
patients if a different MRI protocol was used and if no pathology rapport was 
available after hysterectomy. Furthermore, patients were excluded if they had 
(suspicion of) a gynaecological malignancy or if they did not want their 
information to be used.  

The developed model included data of patients who had undergone surgery 
between January 2007 and January 2022. The dataset of this external 
validation study provided by the MST hospital included data of patients who 
had undergone surgery between January 2014 and January 2022. Patients 
were selected through screening based on electronic search queries in CTcue 
(CTcue BV, Amsterdam, the Netherlands) (see appendix 4A for further 
specification). Clinical characteristics were collected from the electronic 
hospital information system Healthcare Information eXchange (HiX) (ChipSoft 
BV, Amsterdam, the Netherlands). 

Study Outcomes 
The primary outcome was the histopathological diagnosis of adenomyosis 
after hysterectomy. Secondary outcomes included the characterisation of 
various MRI parameters of confirmed adenomyosis patients. Also, clinical 
parameters such as age, BMI, associated conditions such as endometriosis and 
relevant symptoms were evaluated.  

Data Extraction and MRI Assessment 
The imaging data were independently examined by two investigators from the 
Catharina Hospital Eindhoven blinded to the outcome of the pathology 
reports. The following baseline characteristics were retrospectively extracted 
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from the patient files: age at MRI and hysterectomy, BMI at MRI, history of 
curettage, other gynaecological or uterine pathology, treatment and clinical 
symptoms such as dysmenorrhea and hypermenorrhea. The following primary 
MRI parameters were investigated: Mean Junctional Zone (JZ) thickness, JZ 
Differential, JZ/MYO ratio and myometrial high signal intensity (HSI) foci. 
Figure 4.1 shows an illustrative example of the measuring points of the 
Junctional Zone (JZ). The exact definition and stratification of all measured 
MRI parameters are provided in Appendix B.  
 
The diagnosis of adenomyosis was considered if any of the following factors 
were present: presence of HSI foci, asymmetric enlarged uterus (other than 
due to the existence of leiomyomas) or JZ thickness greater than 12mm. The 
MRI parameters were measured with the use of Synapse® Mobility version 
5.7 (FUJIFILM Medical Systems U.S.A). 

 
Data management 
The study utilised Research Manager (Research Manager, Deventer, the 
Netherlands), a secure software program, to securely store patient 

Junctional Zone (JZ) 

Figure 4.1. MRI of a patient in this external dataset without a histopathological 
diagnosis of adenomyosis. The Junctional Zone (JZ), the interface between the 
inner myometrium and the endometrium, was measured in six points of the 
uterus: fundus, mid-corpus, isthmus, measuring the anterior and posterior wall 
at each point. 

 
              MP     IP 
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information. Access to this software was restricted to only those researchers 
who were directly involved in the study. In order to maintain patient privacy 
and confidentiality, each patient was assigned an anonymised study ID, which 
ensured that their personal information could not be linked back to them. 

MRI protocol  
In the participating centre, all MRIs were carried out with a Philips 3T MRI 
system (Philips, Ingenia, the Netherlands). An MRI protocol other than 
‘cervix’, ‘endometriosis’, ‘abdomen’ or ‘pelvis’ was excluded from this study. 
In almost all cases, the protocol involved acquiring T2-weighted turbo spin 
echo (T2-TSE) images in the sagittal, coronal and transverse planes. Also, the 
protocol involves acquiring a T1-weighted sequence, often using the Dixon 
method. In general, a slice thickness of 3-5 millimetres was used. At the MST 
hospital, patients did not receive any antispasmodic medication prior to MRI. 
When patients received multiple MRI scans prior to hysterectomy, the most 
recent MRI to hysterectomy was assessed.   

Predictive model 
A multivariate logistic regression model was developed to predict the 
probability of adenomyosis diagnosis (204). The final model included age and 
BMI at MRI, symptoms such as dysmenorrhea and abnormal uterine bleeding 
and several MRI features. The developed and internally validated formula for 
the likelihood of the histopathological diagnosis of adenomyosis was as 
follows: 

 
! =	 !
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Statistical analysis 
The baseline characteristics of the patients with and without a histopathological 
adenomyosis diagnosis after hysterectomy were compared. These 
characteristics of the external dataset were compared with the characteristics 
of the original dataset. Categorical variables were reported as numbers and 
frequencies, and continuous variables as means with standard deviations. For 
group differences continuous variables were assessed using an independent t-
test if they were normally distributed, and the Mann-Whitney U test if not. 
Categorical variables were analysed using the Chi-square test. Missing values 
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in the validation cohort were dealt by multiple imputation (205).  
 
Additionally, for all possible predictive factors diagnostic accuracy was 
calculated to compare this with the measures of the initial study. Also, a 
logistic regression analysis was performed, presenting the corresponding odds 
ratios (OR) with their 95% confidence interval (CI). All analyses were 
conducted using SPSS Statistics version 28 (IBM Corp., Armonk, NY, USA). 
For all variables, a p-value p < 0.05 was considered as significant. 

The model of Rees et al. was applied to the patients in the external dataset. 
The model performance was assessed using the receiver operating 
characteristic (ROC) curve and the area under the curve (AUC) (c-statistic) 
with their 95% CI. AUC ranges from 0.0 to 1.0. A value of >0.5 should be 
treated as the minimum value of AUC (206). The calibration of the model was 
assessed using a Hosmer and Lemeshow Test. Calibration of the models was 
assessed with calibration plots (207). The calibration demonstrates the 
relationship between the absolute predicted risks and the observed risks for 
the histopathological diagnosis of adenomyosis. The recommendations of both 
TRIPOD and STROBE guidelines were followed for reporting this external 
validation study (189,190). The methodology as described by Grant et al. 
(191) was also taken into consideration.  

Ethical approval 
This study was approved by the local medical ethical review board, with study 
number nWMO-K22-40. Due to the retrospective nature of this study, it was 
not deemed necessary to receive informed consent from the patients included 
in our study. However, if it was explicitly stated a patient medical file that they 
did not wish to have their information used for research purposes, they were 
excluded.  
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Results 
Patient selection 
Initially, 1439 potentially eligible patients were selected through screening 
based on electronic search queries in CTcue. Of these patients, 1244 patients 
were excluded after screening based on the exclusion criteria of this study. 
Ten patients were further excluded during the analysis of the data due to low 
quality of radiological imaging, only partial hysterectomy ,or pregnancy at 
time of MRI. The final analysis thus included data from 195 patients. The 
selection procedure is shown in Figure 4.2.  

Figure 4.2. Study Flow Chart. MRI = Magnetic Resonance Imaging. 

 
Baseline characteristics 
Baseline characteristics of the external dataset are summarised in Table 4.1. 
Out of all included patients, 78 patients (40%) were diagnosed with 
adenomyosis based on histopathology. 117 patients (60%) did not receive the 
diagnosis of adenomyosis. In the adenomyosis group, mean age was 43.51 
years (SD 7.771) and mean BMI was 27.70 kg/m2 (SD 4.715). In the 
patients without adenomyosis, mean age was 42.97 years (SD 9.724) and 
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mean BMI was 26.41 kg/m2 (SD 5.049). Patients with a histopathological 
diagnosis of adenomyosis more often had a history of endometriosis 
compared to patients without adenomyosis diagnosis (56.4% vs. 38.5%, p = 
0.014). Patients with adenomyosis also had fibroids more often that patients 
without adenomyosis (54.7% vs. 34.6%, p = 0.006). Additionally, patients 
with adenomyosis were reported to have more dysmenorrhoea compared to 
patients without (66.2% vs. 44.3%, p = 0.011).  
 
Table 4.1. Patient baseline characteristics. 

 Histopathology: 
Adenomyosis (n=78) 

Histopathology:  
No adenomyosis (n=117) 

 
P-value 

Demographics 
Age at MRI 

 
43.51 ± 7.771 

 
42.97 ± 9.724 

 
0.357 

BMI 
Intoxications 

27.70 ± 4.715 26.41 ± 5.049 0.076 

Smoking 11 (14.1%) 24 (20.5%) 0.487 

Medical history 
History of curettage 

 
10 (12.8%) 

 
12 (10.3%) 

 
0.579 

Gravidity 2.34 ± 1.238 2.38 ± 1.237 0.816 

Parity 1.61 ± 1.014 1.65 ± 1.107 0.827 

History of caesarean 
section 

17 (21.8%) 28 (23.9%) 0.889 

Regular cycle 28 (35.9%) 41 (35.0%) 0.774 

Hormonal medication* 35 (44.9%) 59 (50.4%) 0.447 

Endometriosis ∞ 44 (56.4%) 45 (38.5%) 0.014 

Uterine Fibroids ∞ 27 (34.6%) 64 (54.7%) 0.006 

Symptoms 
Dysmenorrhea 

 
51 (65.4%) 

 
51 (43.6%) 

 
0.011 

AUB 27 (34.6%) 38 (32.5%) 0.932 

Chronic pain 29 (37.2%) 41 (35.0%) 0.934 

Subfertility 13 (16.7%) 9 (7.7%) 0.150 

Dyschezia 17 (21.8%) 20 (17.1%) 0.702 

Dyspareunia 23 (29.5%) 39 (33.3%) 0.818 

BMI = Body Mass Index; MRI = Magnetic Resonance Imaging; AUB = Abnormal Uterine 
Bleeding;    
*i.e., progesterone only pill, GnRH agonist, combined oral contraceptive pill, intra-
uterine device with levonorgestrel.  
 ∞ diagnosis based on MRI or laparoscopy.                                                                                                       
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MRI characteristics 
MRI characteristics of the external dataset are summarised in Table 4.2. In 38 
patients, it was not possible to assess the MRI features, as the researchers 
were unable to identify the junctional zone or the endometrium. The main 
reason for this was the presence of uterine fibroids, which distorted the uterine 
anatomy. Among the included patients, statistically significant differences were 
found between patients with adenomyosis versus without for mean JZ thickness 
(10.434 mm ±4.21 vs. 7.805mm ±2.18), maximal JZ thickness (17.765mm ± 
8.57 vs. 11.553mm ±3.49), JZ differential (11.980 mm ±8.30 vs. 6.753mm ± 
2.99) and mean JZ/MYO ratio (0.533 ±0.10 vs. 0.461 ± 0.11), all p <0.001. 
Patients with adenomyosis also more often had values above the cut-offs of 
maximal JZ ³ 12 mm, JZ differential ³ 5mm, JZ/MYO ratio >0.40, and the 
presence of HSI foci (all p <0.001 for each of these variables). An example of 
the assessment of the MRI features is shown in Figure 4.3.  
 
Figure 4.3. Examples of the measurements of the MRI features. 

Left: a patient without the histopathological diagnosis of adenomyosis. The mean JZ was 
7.3. JZ differential was 4.4, so <5mm. JZ/MYO ratio was 0.47, so >0.40. And no HSI foci 
were observed. Right: MRI measurements from the MRI of a patient with the 
histopathological diagnosis of adenomyosis. Mean JZ was 14.1. JZ differential was 23.4 
(>5mm). JZ/MYO ratio was 0.60 (>0.40) and HSI foci were observed (white arrow shows 
a foci).  
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Table 4.2 MRI characteristics.  
 Histopathology: 

Adenomyosis (n=78) 
Histopathology:  
No adenomyosis (n=117) 

 
P-value 

Mean JZ (mm) 10.434 ± 4.21 7.805 ± 2.18 <0.001 

JZ Max (mm) 17.765 ± 8.57 11.553 ± 3.49 <0.001 

JZ Diff (mm) 11.980 ± 8.30 6.753 ± 2.99 <0.001 

Mean JZ/MYO  0.533 ± 0.10 0.461 ± 0.11 <0.001 

Mean JZ Asymmetry  1.290 ± 5.81 0.676 ± 1.37 0.314 

Mean Wall Thickness (mm) 21.066 ± 8.87 19.448 ± 7.24 0.078 

Mean Wall Asymmetry (mm) 8.563 ± 25.56 1.9352 ± 38.99 0.233 

Mean Uterine Length (mm) 99.761 ± 28.30 99.680 ± 27.52 0.804 

Mean Uterine Volume (mm3) 304473.4 mm3 ± 317462.1 331939.1 ± 533134.7 0.807 

Adenomyosis Focus SI 33.168 ± 27.13 19.947 ± 8.71 0.071 

SI Ratio 1.9366 ± 0.87 1.809 ± 0.55 0.912 

JZ Max ³12 mm 61 (78.2%) 35 (29.9%) <0.001 

JZ Diff ³5 mm 72 (92.3%) 67 (57.3%) <0.001 

JZ/MYO >.4 60 (76.9%) 58 (49.6%) <0.001 

HSI Foci 55 (70.5%) 6 (5.1%) <0.001 

    

MRI = Magnetic Resonance Imaging; JZ = Junctional Zone; JZ Max = Junctional Zone 
Maximum; JZ Diff = Junctional Zone Differential; JZ/MYO ratio = Junctional Zone to 
Myometrium Ratio; SI = Signal Intensity; HSI = High Signal Intensity; 

Diagnostic accuracy 
The diagnostic accuracy of various potential predictors of adenomyosis and 
MRI in general for the external validation group is summarized in Table 4.3. 
These measurements were done to compare these values of the potential 
predictors from both datasets. Radiology reports of MRI overall in this 
population had a sensitivity of 21.8%, a specificity of 91,5%, a PPV of 63.0%, 
a NPV of 63.7%, a positive LR of 2.6 and a negative LR of 0.9. The overall 
accuracy of MRI was 63.6%. The MRI feature with the best overall accuracy 
was presence of  HSI foci (84.7%). HSI foci had a sensitivity of 70.5%, a 
specificity of 89.7%, a PPV of 90.2%, a NPV of 82.0%, a positive LR of 6.8 
and a negative LR of 0.3.
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Table 4.3. Diagnostic Accuracy of Individual Clinical  and MRI 
variables     
                                      Histopathological adenomyosis diagnosis 

 Sensitivity Specificity PPV NPV PLR NLR Overall 
accuracy 

Radiology report 21.8% 91.5% 63.0% 63.7% 2.6 0.9 63.6% 

Intoxications 
Smoking 
Medical history 

 
14.1% 

 
57.3% 

 
31.4% 

 
57.3% 

 
0.3 

 
1.5 

 
51.3% 

History of curettage 12.8% 89.7% 45.5% 60.7% 1.2 1.0 59.0% 

History of caesarean 
section 

21.8% 45.3% 37.8% 58.2% 0.4 1.7 51.5% 

Regular cycle  35.9% 13.7% 40.6% 66.7% 0.4 4.7 47.3% 

Hormonal medication 44.9% 49.6% 37.2% 57.4% 0.9 1.1 47.7% 

Endometriosis 56.4% 61.5% 49.4% 67.9% 1.5 0.7 59.5% 

Uterine Fibroids 
Symptoms 

34.6% 45.3% 29.7% 51.0% 0.6 1.4 41.0% 

Dysmenorrhoea 65.4% 54.7% 50.0% 71.1% 1.4 0.6 59.9% 

AUB 34.6% 65.8% 41.5% 60.6% 1.0 1.0 54.2% 

Chronic pain 37.2% 63.2% 41.4% 60.7% 1.0 1.0 53.6% 

Subfertility 16.7% 90.6% 59.1% 62.4% 1.8 0.9 62.0% 

Dyschezia 21.8% 81.2% 45.9% 61.3% 1.2 1.0 58.3% 

Dyspareunia 
MRI Features 

29.5% 65.0% 37.1% 58.5% 0.8 1.1 51.6% 

Mean JZmax ³12 
mm 

78.2% 56.4% 63.5% 82.5% 1.8 0.4 72.2% 

Mean JZdiff ³5 mm 92.3% 23.9% 51.8% 90.3% 1.2 0.3 58.8% 

Mean JZ/MYO ³0.4 76.9% 16.2% 50.8% 76.0% 0.9 1.4 55.2% 

HSI foci 70.5% 89.7% 90.2% 82.0% 6.8 0.3 84.7% 

MRI = Magnetic Resonance Imaging; PPV = Positive Predictive Value; NPV = Negative 
Predictive Value; PLR = Positive Likelihood Ratio; NLR = Negative Likelihood Ratio; 
AUB = Abnormal Uterine Bleeding; JZmax = Maximal Junctional Zone Thickness; JZdiff 
= Junctional Zone Differential; JZ/MYO = Junctional Zone to Myometrium Ratio; HSI 
foci = High Signal Intensity foci.  

Logistic Regression Analysis 
A univariate and multivariate logistic regression analysis was done to compare 
the predictive factors in the original study and external validation study. The 
results of both univariate and multivariate regression analysis are summarised 
in Table 4.4. In the univariate regression analysis the following variables 
showed p values <0.10: BMI, endometriosis, uterine fibroids, dysmenorrhea, 
subfertility, mean JZ, maximal JZ, JZ differential, adenomyosis focus signal 
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intensity (SI), maximal JZ ³12 mm, JZ differential  ³5 mm, JZ to Myometrium 
ratio >0.4 and the presence of HSI foci. The multivariate logistic regression 
analysis of the variables included in the developed model showed statistical 
significance for dysmenorrhea (p=0.025), JZ Diff ³5 mm (p=0.037) and the 
presence of HSI foci (p<0.001).  

Table 4.4. Logistic regression analysis for histopathological adenomyosis 
diagnosis. 

 Univariate 
logistic 
regression 
Odds ratio 

 
 
 
95% CI 

 
 
 
P-value 

Multivariate 
logistic 
regression 
Odds ratio 

 
 
 
95% CI 

 
 
 
P-value 

Demographics       

Age at MRI 1.007 0.975-
1.039 

0.676 1.010 0.929-
1.098 

0.820 

BMI  
 
Intoxications 

1.054 0.994 – 
1.117 

0.079 1.036 0.937-
1.146 

0.486 

Smoking 
 
Medical history 

1.000 0.999 -
1.001 

0.943    

History of curettage 1.287 0.527-
3.143 

0.580 3.299 0.667-
16.315 

0.143 

Gravidity 0.974 0.772-
1.230 

0.826    

Parity 0.968 0.740-
1.267 

0.815    

History of C-section 1.000 0.999-
1.001 

0.848    

Regular cycle 1.000 1.000-
1.001 

0.725    

Hormonal 
medication 

0.800 0.450-
1.422 

0.447    

Endometriosis 2.071 1.157-
3.706 

0.014    

Uterine Fibroids 
 
Symptoms 

0.438 0.243-
0.792 

0.006    

Dysmenorrhoea 2.462 1.353-
4.479 

0.003 5.927 1.250-
28.097 

0.025 

AUB 1.094 0.596-
2.010 

0.772 0.576 0.167-
1.982 

0.381 

Chronic pain 1.090 0.599-
1.984 

0.777    

Subfertility 2.392 0.968-
5.912 

0.059    

Dyschezia 1.346 0.653-
2.773 

0.421    
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Dyspareunia 
 
MRI features 

0.830 0.445-
1.546 

0.557    

Mean JZ 1.441 1.230-
1.687 

<0.001 1.089 0.810-
1.463 

0.573 

JZ Max 1.352 1.218-
1.500 

<0.001    

JZ Diff 1.331 1.192-
1.486 

<0.001    

Mean JZ 
asymmetry 

1.041 0.957-
1.133 

0.349    

       

Mean wall 
thickness 

1.026 0.985-
1.069 

0.214    

Mean wall 
asymmetry 

0.994 0.984-
1.004 

0.228    

Mean Uterine 
Length 

1.000 0.990-
1.011 

0.984    

Mean Uterine 
Volume 

1.000 1.000-
1.000 

0.696    

Adenomyosis Focus 
SI 

1.050 0.992-
1.111 

0.090    

SI Ratio 1.244 0.560-
2.763 

0.591    

JZ Max ³12 mm 8.216 4.036-
16.726 

<0.001    

JZ Diff ³5 mm 10.030 2.913-
34.530 

<0.001 20.088 1.203-
335.420 

0.037 

JZ/MYO >.4 3.276 1.222-
8.783 

0.018 2.801 0.303-
25.875 

0.364 

HSI Foci 41.848 16.090-
108.844 

<0.001 150.644 21.627-
1049.300 

<0.001 

CI = Confidence Interval; BMI = Body Mass Index; MRI = Magnetic Resonance 
Imaging; AUB = Abnormal Uterine Bleeding; JZ = Junctional Zone; JZ max = Maximal 
Junctional Zone; JZ diff = Junctional Zone Differential; JZ/MYO = Junctional Zone to 
Myometrium Ratio; SI = Signal Intensity; HSI = High Signal Intensity.  

External validation 
The original developed model was applied to all patients from the external 
dataset to evaluate the predictive performance. The predicted probabilities for 
the existence of adenomyosis in this external group varied from 0.14 to 0.99 
(which corresponds to 14 and 99 percent respectively) and the mean of the 
predicted probabilities was 0.45.  
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The model's discriminative ability was assessed using the ROC curve, and the 
resulting AUC was 0.831 (95%CI 0.761 – 0.901) (see Figure 4). The 
Nagelkerke’s R square for the overall performance of the model was 0.682. 
As for calibration, the Hosmer-Lemeshow goodness-of-fit test did not show 
significance (chi-square 4.398, p = 0.820).  

 

Figure 4.4. ROC-curve external validation. ROC-curve. The diagonal is the reference line, 
indicating an AUC of 0.50. A value less than 0.50 indicates the model is no better than random 
prediction. A value of 1.0 indicates perfect prediction. The AUC curve for this model was 
calculated at 0.831. 
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Discussion 
Non-invasive diagnosis of adenomyosis still remains challenging. Despite 
great efforts to create a non-invasive classification system for adenomyosis, 
there is as yet no clinically implemented prediction tool for MRI diagnosis and 
no external validation studies were performed as far as we know (16,43). 
Therefore, in this retrospective cohort study, we performed the first external 
validation of a promising developed prediction model by Rees et al. to make 
this model applicable for diagnosis and patient counselling in daily practice. 
The model was developed with a patient population from the Catharina 
Hospital Eindhoven in the Netherlands. An explanation for the chosen 
variables in this model is described in previous study (204). When applying 
the model to a comparable population from a different centre, the model 
showed good performance with an AUC of 0.831 (95%CI 0.761 – 0.901). 
The model was well-calibrated for our population. As in the initial study, 
presence of HSI foci was the most significant predictive variable.  
 
To assess the generalisability of the developed prediction model, baseline 
characteristics of the external validation dataset were compared with the 
original dataset used in the development of the model. The age and BMI at 
MRI of both datasets do not show great difference, only one year or one 
point, which is arguably of little clinical relevance. In contrast to the initial 
study, this validation population did not show a statistically significant 
difference in a history of curettage between the groups of patients with and 
without a histopathological diagnosis of adenomyosis (12.8% vs. 10.3% 
respectively, p = 0.579). Only 22 patients in the entire external validation 
cohort had a history of curettage compared to 43 patients in the original 
dataset (22.1% in adenomyosis patients, p=0.002). A potential explanation 
for this difference in the prevalence of curettage could be that the surgery was 
completed elsewhere and thus not registered as clearly in the hospital 
database. The mean number of pregnancies was slightly higher in the 
adenomyosis group in the original dataset compared to the adenomyosis 
group in the external validation dataset (3.0 vs. 2.34 respectively). Despite 
the fact that this cohort did not show significance between the groups for 
history of curettage, adenomyosis has been associated with infertility and 
increased risk of miscarriage (81,85,208). Due to this increased miscarriage 
risk, women with adenomyosis may need to undergo curettage more often, 
which is why this was included in the model. 
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Additionally, in the external cohort, patients with adenomyosis more often 
had a history of endometriosis compared to patients without adenomyosis, as 
diagnosed on MRI or laparoscopy (56.4% vs. 38.5%, p=0.014). This 
difference was not statistically significant in the original dataset. Several 
studies have shown an association between adenomyosis and endometriosis. 
There is ongoing debate regarding if they should be seen as two separate 
conditions or as one disease spectrum with regard to their pathophysiological 
mechanisms (72,209–211). These differences in endometriosis prevalence 
between the datasets may have implications for the model’s performance, 
given the clinical overlap in symptoms between endometriosis and 
adenomyosis, such as dysmenorrhoea.  

 
Furthermore, in terms of symptoms, dysmenorrhoea was found to be 
statistically significantly between groups  (66.2% vs. 44.3%, p = 0.011). 
Despite the fact this symptom was not significantly different in the original 
dataset, it was still included in the model, since dysmenorrhoea is the most 
commonly reported complaint in adenomyosis. The difference between the 
datasets can be explained by the subjective nature of this symptom. The fact 
that more patients had a history of endometriosis in the adenomyosis group 
may also contribute to this. Since the prevalence of dysmenorrhoea in the 
original dataset was higher in the adenomyosis group (73.3% vs. 63.1%, p = 
0.491), despite not being significantly different, this may not significantly 
affect the model’s performance however.  

As for MRI characteristics, both datasets showed statistically significant 
differences for the same variables. It is important to note that the reliability of 
the JZ thickness on MRI as a predictor of adenomyosis is debatable. Several 
studies have reported a high reliability of the JZ thickness on MRI as predictor 
of adenomyosis, especially the use of a JZ thickness of >12 mm (33,47). 
However, recent studies suggest that JZ thickness may not be a reliable 
predictor for adenomyosis on its own and that symptoms and other MRI 
features should be weigh more heavily in adenomyosis (29,45,198). This was 
taken into account in the initial study. As a result, several factors were 
included in the model. Moreover, as in initial study, the presence of HSI foci 
was the strongest predictive MRI feature in this study. This is in accordance 
with previous studies that describe these HSI foci as main indicator for 
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adenomyosis (12,34,212). Overall, differences in baseline characteristics 
between the two datasets highlight the need for external validation studies to 
confirm the generalizability and reliability of the prediction model 

Furthermore, the diagnostic accuracy of radiology reports of the MRIs in our 
population is warrants attention. In this external validation study, the 
diagnostic accuracy of radiology reports for MRIs was found to be 63.6%. 
Similarly, the internal validation study showed an overall diagnostic accuracy 
of 59.4% for the radiology reports (204). These percentages of diagnostic 
accuracy appear to be suboptimal compared to commonly reported values in 
literature (97). It is possible that the radiologists did not actively assess for 
adenomyosis if it was explicitly requested in the MRI application. A potential 
solution could be to involve gynaecologists in the assessment of the MRI 
parameters that are required for the model, and in the assessment of pelvic 
MRIs in general. This could enhance the efficiency of the process, as 
conducting the measurements required for this model can be learned and 
completed in a relatively short period of time.  
 
The developed model showed good performance in the original dataset with 
an AUC of 0.776. After external validation, the performance of the model 
reached an AUC of 0.831, which indicates that the model has good to 
excellent discriminative ability. This means that the model is able to predict 
with high accuracy which patients are more likely to have histopathological 
adenomyosis (207). Typically, the performance of a logistic prediction model 
is better on the original dataset than the performance of this model on a new 
dataset . Patient selection for the developed dataset was between 2007 to 
2022, while patient selection for the external dataset was between 2014 to 
2022. This more recent patient cohort could be an explanation for the slightly 
better model performance in the external validation group. The general 
quality of the MRIs could have been better because they were more recent. 
Moreover, potentially the recognition of adenomyosis by the pathologist may 
have increased in recent years. This study also found a higher prevalence of 
uterine fibroids in the group without the diagnosis of adenomyosis compared 
to the adenomyosis group. This greater presence of uterine fibroids may have 
created a more homogenous group and contributed to the model's ability to 
better distinguish between these two groups. However, it is important to note 
that this is only a hypothesis. 
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As for calibration of the model, the Hosmer-Lemeshow goodness-of-fit test did 
not reach significance (chi-square 4.398, p = 0.820). This suggests that the 
model is a good fit for the data, and that the observed frequencies are not 
significantly different from the expected frequencies based on the model 
(Hosmer et al., 2013).  

Since no clinically implemented tool for the diagnosis of adenomyosis on MRI 
is yet available, this study represents one of the first external validation 
studies. The fact that two investigators (one of them directly involved in the 
internally validation study) independently assessed all MRIs blinded to the 
outcome of the pathology reports, is a strength of this study. Besides, this 
external validation can be seen as a geographical validation, because the 
participating hospitals for both studies were in different regions of the country, 
which is considered a reliable approach for external validation (207). Also, 
the model is plausible to use in daily practice due to the straightforward 
clinical and MRI parameters. 
 
A limitation of the study is the fact that it only consists of 195 included 
patients. 78 patients (40%) received the histopathological diagnosis of 
adenomyosis. Studies suggest that at least a number of 100 events (so in this 
case 100 patients with the diagnosis of adenomyosis) and 100 non-events are 
needed for reliable evaluation of a model’s external performance (190,213). 
To detect smaller differences in performance of the model, larger sample sizes 
(at least 100 events) are needed. In small(er) datasets the model could be 
overoptimistic (213). 

 
As in the initial cohort, in this cohort the phase of the menstrual cycle at the 
time of MRI was never reported. The thickness of the junctional zone changes 
during the menstrual cycle due to hormone levels (46,214). This is a limitation 
of the entire study, because both studies were unable to correct for the 
influence of the phase of the menstrual cycle due to it not being reported.  

Another point of discussion could be that this model is tested only in patients 
who underwent hysterectomy. This may introduce selection bias, as it limits the 
generalisability of the model to patients undergoing a hysterectomy, and not 
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to all patient suspected of adenomyosis in general. Potentially, our study 
population consists of patients with more severe complaints who therefore 
undergo an MRI and hysterectomy.  

This model could be used in clinical practice to predict the chance of 
adenomyosis in an individual patient. A notable issue with using the model is 
that the interpretation of outcome percentages varies by individual. Some 
patients may find a chance of 40 percent high, while another patient only 
desires to start a particular treatment at a 70 percent chance for example. 
Therefore, a cut-off value should be discussed.  

Future research should perform an external validation in a larger cohort to 
confirm the model’s generalisability and performance in different settings. 
Further investigation of the clinical usefulness and impact of the model in daily 
practice is also needed.   

Conclusions 
In conclusion, the developed model showed good to excellent discriminative 
performance in this external cohort for predicting the adenomyosis diagnosis 
based on MRI in individual patients. The model could be used in clinical 
practice and could aid in shared decision-making of the subsequent 
management of this disease, in conjunction with other tests and clinical 
information. It may be beneficial to involve gynaecologists in assessing the 
MRI parameters needed for the prediction model, given the suboptimal 
diagnostic accuracy of radiology reports in detecting adenomyosis. This could 
enhance the reliability of the diagnostic process. Larger (prospective) are 
needed before utilizing this model in daily practice.  

  



PART III
Effect of Adenomyosis on
Uterine Contractile Function
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Abstract: 
Uterine peristalsis (UP) is a wavelike uterine motion that plays an important 
role in the generation of intrauterine streams for menstrual emptying and to 
support embryo implantation. Our understanding of uterine mechanical 
behaviour is hampered by a lack of quantitative analysis. Here, we propose a 
spatiotemporal analysis of UP by ultrasound speckle tracking and dedicated 
strain analysis. We aim at characterizing UP propagating around the 
endometrial cavity through the anterior and posterior walls of the uterus. To 
this end, velocity and coordination features are proposed in this study. We 
investigated a total of 11 healthy volunteers during their natural menstrual 
cycle and 81 patients undergoing in vitro fertilization (IVF) treatment. They all 
received multiple 4-minute 2-D transvaginal ultrasound scans. Significant 
differences in propagation velocity were found among different phases of the 
menstrual cycle, which are in line with the expected uterine behaviour. A 
significant difference in coordination was found between the group of women 
with successful (pregnancy at 11 weeks) and unsuccessful IVF. This result 
suggests that the ability to generate coordinated UP represents an important 
factor for IVF success. The proposed UP quantification may represent a 
valuable clinical tool for improved understanding of UP and improved 
decision-making in the context of IVF procedures. 
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INTRODUCTION: 
Worldwide, approximately one in six couples experiences infertility during 
their reproductive ages (from 20 to 44 years old) [1]. Most women with 
(sub)fertility problems seek clinical support from assisted reproductive 
technologies, such as in vitro fertilization (IVF). In the last decade, the number 
of IVF cycles performed every year has increased by over 20% [2], [3]. 
However, the success rate of IVF treatment remains below 30%, with only a 
4% increase [2], [3]. An IVF cycle consists of the preparation of the patient 
with exogenous hormones, after which the developed oocytes (eggs) are 
retrieved from the ovarian follicles and fertilized in vitro. The resulting embryos 
are then transferred back into the uterine cavity. Subsequent successful 
implantation of the embryo in the uterine wall leads to pregnancy. Several 
studies indicate that dysfunction of uterine contractility is one of the possible 
reasons hampering successful embryo implantation [4]–[7]. 
 
The uterine body consists of three parts: an outer serosal layer, an inner lining 
called endometrium, and an intermediate muscle layer called the myometrium 
(see Figure 5.1). Uterine contraction of a nonpregnant uterus, which refers to 
the shortening of the uterine muscle, was first mentioned in 1937 by Dickinson 
based on bimanual palpation [8]. Uterine contraction is reported to mostly 
occur around the endometrium, acting as a wave propagating alongside the 
endometrium. The resulting rhythmic uterine deformation (motion) is also 
known as uterine peristalsis (UP) [7]. Due to the influence of hormone levels, 
the UP patterns change in terms of direction, frequency, velocity, and 
amplitude during different phases of the menstrual cycle. In particular, during 
the luteal phase, when opposing contraction waves are often generated to 
keep the embryos inside the endometrial cavity and facilitate their 
implantation. Women suffering from infertility problems are also likely to suffer 
from uterine disorders, such as endometriosis and adenomyosis, or endocrine 
disbalances, which can affect UP and hamper embryo implantation. Therefore, 
a reliable assessment of the uterine activity outside pregnancy can be 
expected to provide valuable insight into the influence of UP on IVF failure. 
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Figure 5.1: Example of acquired US frame from an in-vivo recording during 
the late follicular phase. 
 
Currently, most studies on the assessment and characterization of UP are 
based on qualitative measurements by visual inspection of transvaginal 
ultrasound (TVUS) recordings [7], [9]–[11], [12]. Visual characterization of 
the uterine activity in this manner is rather challenging and subjective, 
especially during the late luteal (LL) phase of the menstrual cycle, or right 
before embryo transfer (ET) during IVF treatment, when the uterus is expected 
to be more quiet compared to the other phases. A recent study shows that 
three medical professionals share only mild agreement on the direction and 
timing of UP by visual inspection of 80 TVUS recordings [13]. The lack of an 
objective and quantitative analysis of uterine contractility thus limits the ability 
to characterize UP and improve the success of IVF treatment. Following up on 
our recent work on dedicated ultrasound (US) speckle tracking for quantitative 
analysis of uterine motion [14], this article presents a quantitative assessment 
of the uterine activity focusing on the propagation of UP during a natural 
menstrual cycle as well as during an IVF cycle. In particular, velocity, 
direction, and coordination of UP are assessed. 
 
To quantify UP, uterine motion throughout the US recording must first be 
assessed. In the field of US-based speckle tracking, there are two major 
approaches to estimate motion, namely, block matching (BM) and optical flow 
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(OF). BM segments the image into blocks and seeks the best matches of these 
blocks in subsequent frames based on a chosen matching criterion. On the 
other hand, OF is a pixel-to-pixel gradient approach that estimates the velocity 
of the target object between two subsequent frames. In our study, OF is 
chosen over BM due to its higher sensitivity to subpixel motion [15]. 
Moreover, as introduced by Bouguet [16], the tracking accuracy of OF can be 
further improved by implementing iterative spatial warping. The adopted OF 
method was first optimized and validated in vitro using a dedicated setup with 
human ex vivo uteri [17]. 
 
For each TVUS recording, tracking markers (TMs) were manually placed 
along both the anterior and posterior walls of the endometrium (see Figure 
5.2). The TMs were always positioned starting 5 mm from the fundal extremity 
of the endometrium and moving toward the cervix, spaced 2.5 mm from each 
other. Movements of these TMs were tracked over time. Radial strain rates 
(RSRs) were derived between each pair of TMs to generate a time–space 
representation of UP along the endometrium. Relevant features, such as UP 
velocity, direction, and coordination, were then extracted from the resulting 
time–space representation. 
 

 
Figure 5.2  Tracking marker grid (red dots) positioning along the anterior and 
posterior walls of the endometrium. TVUS recording acquired from a healthy 
volunteer during the LF phase. 
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In vivo validation was carried out to test the feasibility of our proposed 
method. Healthy volunteers underwent four TVUS scans acquired during four 
selected phases of the natural menstrual cycle, namely, during menstruation 
(Menses), LF, early luteal (EL), and LL phases. The proposed method was 
evaluated for its ability to distinguish the peristaltic patterns among the 
selected phases. 
 
The method was also evaluated in the context of IVF. TVUS recordings were 
performed on 81 patients during an IVF treatment cycle. Our validation aimed 
at testing the ability of the proposed UP features to predict the successful and 
unsuccessful pregnancy groups before ET into the uterine cavity. 
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Methodology 
A. Data Acquisition 
In this study, US acquisitions on 11 healthy volunteers (age: 31.2 ± 5.2 years; 
body mass index (BMI): 22.6 ± 2.3 kg/m2 ) were performed at the Catharina 
Hospital Eindhoven (Eindhoven, The Netherlands) [18]. These healthy 
volunteers underwent two subsequent 4-min TVUS B-mode scans using a 
Samsung-Medison WS80A scanner equipped with a V5-9 transvaginal probe 
during Menses, LF, EL, and LL phases. 
 
In addition, US acquisitions in women undergoing IVF were collected from two 
studies. From the IMPLANT 1 study [19], aiming at testing inhibitors of the 
uterine activity, US recordings in 65 control patients (age: 31.4 ± 3.1 years; 
BMI: 23.4 ± 4.1 kg/m2 ) receiving placebo were collected. These patients 
underwent fresh day-3 ET with one or two embryos, one of which being of 
good quality according to the Istanbul conference Alpha criteria [20]. They 
had history of no more than one failed IVF cycle and used a gonadotropin-
releasing hormone (GnRH) antagonist protocol with a single injection of 
human chorionic gonadotropin (HCG) for triggering ovulation. Being part of 
the control (placebo) group, the uterine activity was influenced by injected 
hormones only. For all patients, 4-min B-mode TVUS recordings were acquired 
4 h before ET. Being a multi-centre study, various brands of ultrasound 
scanners and probes were used. More details on the patient enrolment and 
IVF protocol can be found in [19]. 
 
At Ghent University Hospital, 4-min B-mode TVUS recordings were acquired 1 
h before ET in 16 patients (age: 32.1 ± 4.7 years; BMI: 25.9 ± 4.7 kg/m2 ) 
undergoing day 5 ET with the single ET based on the Istanbul conference 
definition [20]. The enrolled patients received GnRH for follicle stimulation and 
HCG injection 34–36 h before oocytes retrieval. The 4-min B-mode TVUS 
recordings were acquired 1 h before ET using Samsung-Medison WS80A 
scanner equipped with a V5-9 transvaginal probe. More details can be found 
in [21]. 
 
The IMPLANT 1 study was retrospective, while the Catharina Hospital and 
Ghent University Hospital studies were prospective, with the sonographers 
being properly instructed on the imaging requirements for this study. 
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The acquisition frame rate ranged from 25 to 30 frames/s. All the recordings 
were converted to audio video interleave (AVI) format for further analysis. 
 
Due to motion artifacts during insertion and positioning of the probe in the 
uterine cavity as well as during its removal, the time length for all 2-D 
recordings was shortened to 3 min by cropping a certain part of the recording 
in the beginning and at the end. 
 
B. Ultrasound Speckle Tracking 
US speckle is caused by the interference of the backscatter US waves received 
by the transducer. Tissue forms a unique speckle pattern that can be tracked 
over time. Therefore, tissue motion can be assessed by tracking the movement 
of the speckle pattern. The highest endometrial wave velocity is less than 2 
mm/s [10]. Therefore, with an acquisition frame rate and pixel size equal to 
30 Hz and 0.065 mm, respectively, uterine motion between subsequent frames 
was smaller than one pixel. To deal with such subpixel motion and provide 
accurate tracking results, OF was employed to perform speckle tracking in this 
study. With I being the intensity of a certain pixel, the pixel velocities in the x - 
and y -directions, vx and vy , are thus represented by the intensity gradients in 
the spatial (x,y ) and temporal (t) domains according to 

$_&			'(/'&		 + $_+			'(/'+		 + '(/',		 = 0		 
To solve the above ill-conditioned equation, Lukas and Kanade [22] proposed 
to estimate the motion of a block instead of a pixel under the assumption of 
constant flow within the block. The velocities in both directions are then 
obtained by least square estimation. After that, the pixel location in the target 
frame is updated according to the estimated velocities. 
 
The accuracy of OF can be further improved by applying an iterative 
refinement approach under the assumption of small motion [16]. In this study, 
OF was first applied to track the motion of a selected speckle pattern between 
the reference frame and the target frame. Based on an initial estimation v1 , 
the target frame was warped by the 2-D interpolation. In this way, the 
movement of the speckle pattern was partly retrieved between the reference 
and the target frames. In the following second iteration, a new estimation of 
residual motion, v2 , was derived between the reference and the warped 
target frames. This process was applied iteratively until the residual motion vn 
converged to a very small value or it reached the maximum number of 
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iterations M . The final estimation of the pixel motion, vend , was then 
calculated as the sum of the initial motion and all residual motions:  

$QRS 		=. $TUQV
W
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Apart from applying this iterative refinement, the choice of the block size is 
also crucial for OF to obtain accurate tracking results. For small blocks, the 
tracking becomes sensitive to local motion and noise, while for large blocks, 
the hypothesis of constant flow may be violated. The optimization of the block 
size was carried out ex vivo using the dedicated experimental procedure 
proposed in [17]. The optimized block size resulted to be 41×41 pixels2 
(around 2.6×2.6 mm2). 
 
C. Anatomical Strain Framework 
UP is often observed close to the endometrium, in the junctional zone, rather 
than in the myometrium [23]. TMs were therefore selected along both the 
anterior and posterior walls of the endometrial cavity at the first frame of each 
TVUS recording. 
 
A semiautomatic approach was employed to maintain the same distance 
between each pair of neighbouring TMs both in the radial and longitudinal 
directions (see Figure 5.2). In this study, the distance was chosen 
corresponding to the optimal block size. 
 
Out-of-plane (OOP) motion is a frequent phenomenon during in vivo 2-D TVUS 
acquisition. The occurrence of OOP motion is mainly caused by the movement 
of the imaged target in the 3-D perpendicular to the observation plane. 
Sometimes, it might also be caused by the influence of probe motion and 
patient movement. Once OOP motion occurs, the speckle pattern being 
tracked moves out of the observation plane. The resulting decorrelation of the 
speckle pattern will lead to speckle tracking errors. To mitigate the influence of 
OOP motion on the accuracy of 2-D speckle tracking with in vivo data, we 
proposed a two-step approach. 
 
In the first step, the middle lining of the endometrium was manually drawn and 
ten TMs (TMsmidline) with isotropic distance were generated along the middle 
lining (see Figure 5.3a); speckle tracking was applied to the TMsmidline through 
the entire recording. We estimated the global translation of the endometrium 
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(xn, yn) for each frame n by averaging the movement of TMsmidline  in the 
horizontal and vertical directions. After that, we estimated the rotation of the 
endometrium (�n ) by linear fitting based on the coordinates of TMsmidline [see 
Figure 5.3(b)]. In this way, even if part of the endometrium was affected by 
OOP motion, the global translation and rotation could still be recovered from 
the rest of TMsmidline  , which were not affected by OOP motion. 
 

 

 
Figure 5.3. A. Ten TMsmidline  selected along the middle lining of the 
endometrium. B. OOP motion started from the nth frame. Although speckle 
tracking failed with two TMs (indicated with white arrow), the global rotation 
of the endometrium could still be recovered by the fit lines between the 
subsequent frames. 

A 

B
. 
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Once the global translation (xn, yn)and rotation (�n) of the endometrium were 
obtained through the entire recording, the coordinates of the TMs were 
updated for each frame n as: 

/0R!R 1 = 	 /
cos 5R −sin 5R
sin 5R cos 5R 1 	×	/
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      n=2,……., N            (2) 
where N is the total number of frames and (X1,Y1) represents the coordinates 
of the TMs selected in the first frame, relative to the uterine anatomy. 
 
A quantitative measure was introduced to evaluate the quality of the TVUS 
recordings. Pierson correlation coefficient (PCC) was here used to test the 
similarity of the speckle patterns between the subsequent frames [24]. The 
quality of the recording was then determined by the average PCC over all 
TMs. Recordings with an average PCC >0.8, indicating negligible speckle 
decorrelation due to OOP motion in subsequent frames, were accepted for 
further analysis. 
 
In the second step, speckle tracking was then applied to TMs. For example, to 
estimate motion between the (n – 1)th and the nth frames, instead of updating 
the coordinates of TMs based on their displacements, the coordinates were 
updated to (Xn ,Yn) according to (2). As a result, speckle tracking is applied 
only between two subsequent frames. In this way, even if OOP motion caused 
decorrelation and poor tracking, the tracking error remains limited between 
two frames without further accumulation. With this approach, tracking is 
performed for TMs representing consistent anatomical regions, enabling 
further interpretation of the results as associated with the uterine anatomy and 
geometry. 
 
The author was blinded to the acquisition characteristics, such as the success of 
IVF treatment and the menstrual phases when positioning the TMs. 
 
D. Radial Strain Rate Analysis 
Strain rate imaging is one of the most widely used approaches for measuring 
regional or global deformation of the muscle. Therefore, to characterize UP, 
RSR was derived from both the anterior and posterior walls of the 
endometrium. 
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RSR was calculated from the ratio between the variations in the distance 
between each pair of TMs in the radial direction (see Figure 2) and their 
original distance, which is given as: 

<=<R =	
>($X! −	$XY)Y +	($Z! − $ZY)Y
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n=2,……., N                 (3) 
 

where (vx1,vy1) and (vx2,vy2) represent the estimated velocities in the x- and y- 
directions from the chosen pair of TMs between the (n – 1)th and the nth 
frames, Dn−1 represents the absolute distance between the chosen pair of TMs 
at the (n – 1)th frame, and N is the total number of frames in the recording. 
Because of the framework introduced in (2), Dn−1 remains equal to D1 . As a 
result, (3) provides an estimate that is related to the Lagrangian strain. 
 
From our observations, UP was not the only source of motion influencing the 
movement of the endometrium in TVUS recordings. Other motions, either 
coming from different organs, such as bowels and bladder, or caused by 
heartbeat, respiration, and probe movement during the acquisition, were all 
recorded during the US scan. Therefore, a bandpass filter was applied to the 
RSR signals to remove the interference from these undesired motion sources. 
 
From the literature, UP during a normal menstrual cycle varies from 0.5 to 4.1 
contractions per minute [25], while during IVF treatment, UP appears to show 
higher frequencies due to the ovarian stimulation, resulting in a range from 0.5 
to 5 contractions per minute [12], [26]. The cut-off frequencies of the bandpass 
filter were therefore set according to the literature based on the application. 
 
E. Feature Extraction 
In this study, we focused on analysing the velocity, direction, and coordination 
of the UP, which might have a direct impact on the success of pregnancy. 
 
Based on the RSR signals, we created a time–space representation of the UP 
waves propagating along with the endometrium, as shown in Figure 5.4A and 
B. The RSR signals are aligned in space from the cervix to fundus (y -axis) 
based on the distance between each pair of TMs. The x -axis represents the 
time evolution of RSR signals, and the colour code represents the value of the 
RSR signals. Positive RSR, shown in yellow, indicates uterine relaxation, while 
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negative RSR, shown in blue, indicates uterine contraction. Clear UP 
propagation from cervix to fundus (C2F) and from fundus to cervix (F2C) can 
be observed in Figure. 4A  and B, respectively.

 
Figure 5.4. 
A. UP time–space representation based on the RSR extracted from the 
anterior wall of the endometrium from a healthy volunteer. This plot shows 
clear propagation C2F. B. UP time–space representation based on the RSR 
extracted from the posterior wall of the endometrium from a healthy volunteer. 
This plot presents the F2C propagation. C. Corresponding k -space 
representation of (a): dominant spectral peaks (marked with red points) are 
present in the first and third quadrant representing C2F propagation. D. 
Corresponding k -space representation of B: dominant spectral peaks (marked 
with red points) are present in the second and fourth quadrant representing 
F2C propagation. E. Time evolution of the UP velocity in the C2F direction 
estimated from A. F. Time evolution of the UP velocity in the F2C direction 
estimated from B. 
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1) UP Velocity: 
A moving window, including 600 frames (20s), was applied to segment the 
time–space representation over time. This duration allows including at least 
one full UP wave cycle in the time window. Within each segment, 2-D fast 
Fourier transform was applied to the time–space representation, providing a 
frequency representation in the k -space domain. UP velocities in both C2F and 
F2C directions can be explicitly estimated from the peaks in the first quadrant 
(representing C2F propagation) and the second quadrant (representing F2C 
propagation) of the k -space. 
 
Figure 4A and B shows the frequency representations of Figure 4A and B 
within one of the moving windows (t = 40 –60s). The evolution of UP velocities 
in both directions is shown in Figure 4E and F. 
 
The temporal and spatial frequencies of the dominant peristaltic motion were 
identified at the peaks of the spectrum. The corresponding UP velocity, vUP , 
was then calculated as the ratio between the temporal frequency, B_, , and 
spatial frequency, B_& as: 

$[\ =		
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        (4) 
2) UP Direction: 
Theoretically, the direction of the propagation can be determined by the sign 
of vUP . Propagation from C2F is here indicated by a positive sign, while 
propagation from F2C is indicated by a negative sign. However, as discussed 
in [9] and [11], more complex UP patterns can also be observed. Opposing 
propagation, which shows both C2F and F2C propagation, is often observed 
after ovulation to support embryo implantation; recoiling propagation, which 
consists of reflection and superposition of multiple peristaltic waves, can also 
be observed, as well as more complex propagation. Figure 5A shows an 
example of a complex propagation pattern during the EL phase. 



 129 

 
Figure 5.5. A. Time–space representation of a complex UP pattern. The 
direction of UP propagation changes from F2C to C2F during the acquisition 
(highlighted in the red area). B. K-space representation of the UP. The sum of 
the spectral energies estimated within the physiological bandwidth from the 
first and third quadrants represents the energy of C2F propagation; the sum of 
the spectral energies estimated within the physiological bandwidth from the 
second and fourth quadrants represents the energy of F2C propagation. 
 
Simple binary classification based on the sign of vUP is not suitable when a 
complex propagation pattern occurs. Therefore, we propose an energy ratio 
(ER) metrics, where the sum of spectral energies is estimated from the first 
quadrant (E1) and the second quadrant (E2), representing the energy of C2F 
and F2C propagation, respectively (see Figure 5.5B). This is given as: 
 

C<	 = 2	 ×		 C1
C1 + C2 − 1 

        (5) 
The parameter ER is comprised between −1 and 1. In this study, we 
conventionally assumed ER > 0.1 to indicate C2F propagation and otherwise 
for ER <−0.1 . ER around zero indicates the presence of opposing or 
“standing” waves. 
 
To estimate the global propagation direction, E1 and E2 were estimated on 
the full recording rather than within the moving window adopted for the 
estimation of the UP velocity. 
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F. UP Coordination 
The fact that locally, e.g., along the anterior or posterior wall, UP shows a 
dominant direction, does not guarantee an effective peristaltic movement that 
is coordinated and generates microstreaming in the endometrial cavity. Simply 
focusing on the anterior and posterior walls, coordinated, effective peristalsis 
requires UP propagation on both sides of the endometrium to show the same 
direction at the same time. Especially before ovulation, muscles from both 
sides of the endometrium have to produce coordinated contractions to support 
sperm transport from the vagina to the fallopian tubes, where fertilization 
occurs [25], [27]. 
 
Similar time evolution of the ER is expected from both the anterior (ERant) and 
posterior (ERpos) walls of the endometrium that are expected. Similarity 
measures, namely, cross correlation (CC), mean squared error (MSE), and 
Hausdorff distance (Hd) [17], [28], were therefore employed as cost functions 
to assess the spatiotemporal coordination of the UP.  
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Validation Strategy 
In vitro and in vivo validations were performed to test the ability of the 
proposed method to measure and characterise UP. In vitro, we optimized the 
parameterization and verified the accuracy of the OF with the data acquired 
by a dedicated setup with an ex vivo uterus introduced in [17]. In vivo, the 
proposed method was validated with TVUS recordings acquired in healthy 
volunteers during their normal menstrual cycle and in patients undergoing IVF 
treatment. 
 
A. Validation in Healthy Volunteers 
According to previous studies [9], [25], the uterus presents different behaviour 
in different phases of the menstrual cycle, showing different contraction 
frequencies and velocities. Therefore, we validated our proposed method for 
its ability to characterize and distinguish different UP patterns along the 
natural menstrual cycle. 
 
Feature Extraction: 
After deriving the RSR from the tracking results, UP velocities in both C2F and 
F2C directions were calculated inside the moving window. After that, median 
velocities (MVs) in C2F and F2C directions were calculated by averaging 
velocities over time in the corresponding directions. The MSE, CC, and Hd 
between ERant and ERpos were also estimated from each RSR signal to assess 
the UP coordination in each phase. The global propagation direction 
represented by ER metric was explicitly calculated on the full recording without 
the moving window. 
 
Intra-observer and Inter-observer Study: 
To validate the reproducibility of our method, we conducted an intra-observer 
study. The TMs were positioned by the same operator in two subsequent 4-min 
recordings acquired from the same healthy volunteer. 
 
To further analyse the intra-observer variability, the TMs were positioned three 
times by the same operator in the same set of recordings. In addition, two 
clinicians were also asked to place the TMs on the same set of recordings to 
perform an interobserver variability test after a 10-min training. 
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Intraclass coefficient (ICC) was used to determine the agreement between the 
features extracted from different measurements. 
 
ICC was calculated by using IBM SPSS Statistics 27. A two-way mixed model 
with index type of absolute agreement was employed to verify the reliability of 
our measures on UP velocities and coordination. ICC > 0.5 was considered as 
moderate agreement, ICC > 0.75 was considered a good agreement, and ICC 
> 0.9 was considered an excellent agreement [29]. 
 
Statistical Analysis: 
It was performed using MATLAB 2018b. The Shapiro–Wilk test was first 
applied to test the normality of the distributions. A one-way analysis of 
variance test with Duncan test as post hoc (in case of Gaussian distribution) or 
Kruskal–Wallis test with Dunn–Sidak test as post hoc (in case of non-Gaussian 
distribution) was applied. MV, as well as the coordination features CC and 
MSE, was tested to discriminate among the four selected phases. A p -value < 
0.05 was considered statistically significant. 
 
B. Validation in IVF Patients 
Validation in IVF patients aimed at testing the ability of the extracted features 
to distinguish between the successful and unsuccessful groups following IVF. 
Features that can establish significant differences between the two groups can 
be considered as predictors of successful IVF treatment. In all patients, only 
top-quality embryos, according to morphological analysis, were transferred. 
 
Feature Extraction: 
The MV of the UP in both C2F and F2C directions, as well as the coordination 
between ERant and ERpos by CC, MSE, and Hd, was calculated from each RSR 
signal in each patient. 
 
Statistical Analysis: 
Double-tailed Student’s t -test (in case of Gaussian distribution) or Wilcoxon 
rank-sum test (in case of non-Gaussian distribution) was used. A p-value < 0.05 
was considered statistically significant.  
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Results 
All results are reported in the format of median (quartiles 1–3). 
 
A. Validation in Healthy Volunteers 
Forty-four TVUS recordings from 11 healthy volunteers during the four 
different phases of the menstrual cycle were originally planned. However, due 
to drop-out of some subjects, two during Menses and one during LF, a total 
number of 41 TVUS recordings were eventually available for the analysis. 
These recordings underwent a quantitative quality check as introduced in 
Section II-C. Based on this, five additional recordings (two during Menses, one 
during EL, and two during LF) were excluded. Therefore, a total of 36 TVUS 
recordings (seven during Menses, eight during LF, ten during EL, and 11 
during LL) were processed and contributed to our statistical analysis. 
 
Figure 6A shows the MV in C2F and F2C direction extracted from the four 
selected phases of a normal menstrual cycle. From Menses to the LF phase, the 
MV in C2F direction increases from 0.72 (0.48–0.77) to 0.76 (0.63–0.96) 
mm/s, while it decreases to 0.71 (0.67–0.85) mm/s in the EL phase and 0.50 
(0.49–0.61) mm/s in the LL phase. The MV in the F2C direction shows the 
same trend, with values of 0.66 (0.46–0.74) mm/s during Menses, 0.93 
(0.56–1.31) mm/s in the LF phase, 0.75 (0.68–0.88) mm/s in the EL phase, 
and 0.52 (0.41–0.60) mm/s in the LF phase. In particular, the MV in the C2F 
direction shows a significant difference between the LF phase and the LL phase 
(p = 0.0130) and between the EL and the LL phases (p = 0.0473). Instead, the 
MV in the F2C direction shows a significant difference between the LF and the 
LL phases (p = 0.0183) and between the EL and the LL phases (p = 0.0205). 
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Figure 5.6. 
Velocity, direction, and coordination results obtained from 36 TVUS 
recordings acquired during four phases of the menstrual cycle (seven during 
Menses, eight during LF, ten during EL, and 11 during LL) from healthy 
volunteers. A. Box plots reporting the statistical results for the UP MV 
extracted from the RSR signals along the C2F and F2C directions. The asterisk 
(*) indicates a significant difference (p<0.05) between different phases. B. 
Direction results based on the ER metrics estimated from the anterior (y -axis) 
and posterior (x -axis) walls of the endometrium. C. Coordination results 
based on CC, MSE, and Hd. 
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Figure 5.6B shows the direction of UP propagation among the selected four 
phases of the menstrual cycle. During Menses, UP propagation is mostly in the 
F2C direction. In the LF phase, dominant C2F or F2C propagation can be 
observed, and a similar behaviour also appears in the EL phase. Finally, in the 
LL phase, no F2C propagation but mostly “standing”/opposing propagation 
can be observed. 
 
Considering the coordination feature, a trend toward higher CC [0.29 (−0.10 
to 0.38)] was found in the Menses phase, and a trend toward lower MSE 
[0.17 (0.14–0.28)] and Hd [1.65 (1.48–2.10)] was both found in the LF 
phase [see Figure 5.6C]. 
 
In total, ten pairs of TVUS recordings (one during Menses, three during LF, 
one during EL, and five during LL) were available that passed the quantitative 
quality check. ICC and its 95% confidence interval of the extracted features 
are reported in Tables 5.1 and 5.2. 
 
Table 5.1. Intra-observer Reproducibility Test: UP Velocity and Coordination 
Features Were Extracted From Two Subsequent TVUS Recordings Acquired 
From Ten Healthy Volunteers. ICC and Its 95% Confidence Interval of the 
Extracted Features Are Reported 

Feature Name ICC 95% Confidence Interval 
Lower Bound Upper Bound 

Velocity C2F 0.918 0.689 0.979 
Velocity F2C 0.961 0.798 0.991 
Coordination by CC 0.950 0.771 0.988 
Coordination by MSE 0.914 0.673 0.978 
Coordination by Hd 0.899 0.602 0.975 
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Table 5.2. Intra-observer and Interobserver Variability Test: UP Velocity and 
Coordination Features Were Extracted From TVUS Recordings Acquired From 
Ten Healthy Volunteers. ICC (95% Confidence Interval) of the Extracted 
Features Is Calculated Among Three Trails (Intra-observer) and Three 
Operators (Inter-observer) 

Feature Name ICC 
Intra-observer variability (95% 
CI) 

Inter-observer variability (95% 
CI) 

Velocity C2F 0.969 (0.910 – 0.992) 0.953 (0.866-0.987) 
Velocity F2C 0.921 (0.762-0.979) 0.965 (0.899-0.990) 
Coordination by CC 0.853 (0.589-0.960_ 0.752 (0.318-0.931) 
Coordination by MSE 0.841 (0.553-0.956) 0.762 (0.353-0.934) 
Coordination by Hd 0.863 (0.616-0.963) 0.785 (0.409-0.940) 

 
B. Validation in IVF Patients 
In total, 81 TVUS recordings (65 from the IMPLANT 1 study and 16 from 
Ghent University Hospital) were acquired from IVF patients 1 h before ET; 20 
TVUS recordings from the IMPLANT 1 study had to be excluded because of 
improper imaging windows. The remaining 61 TVUS recordings underwent the 
proposed quantitative quality check, by which additional 11 TVUS recordings 
from the IMPLANT 1 study were excluded. All 16 TVUS recordings acquired 
at Ghent University Hospital passed the quality check. In the end, in total, 50 
TVUS recordings were included for further analysis. Sixteen out of the selected 
50 patients got pregnant after the treatment, while the remaining 34 failed. 
 
The UP MV in the C2F direction 1 h before ET was 0.51 (0.45 to 0.65) mm/s 
in the success group and 0.63 (0.57 to 0.74) mm/s in the failure group. When 
considering the C2F direction, the MV values were equal to 0.56 (0.52–0.65) 
mm/s in the successful group and 0.70 (0.61–0.74) mm/s in the unsuccessful 
group [see Figure5. 7A]. Significantly higher velocities in the C2F (p=0.0082 ) 
and F2C (p=0.0073 ) directions were found in the failure group compared to 
the success group. 
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Figure 5.7. Velocity, direction, and coordination results obtained from 50 IVF 
patients are illustrated as follows: A. Box plots reporting the statistical results 
for the UP MV extracted from the RSR signals along the C2F and F2C 
directions. B.  Direction results based on ER metrics estimated from the anterior 
(y -axis) and posterior (x -axis) walls of the endometrium. C. Coordination 
results based on CC, MSE, and Hd. The asterisk (*) indicates a significant 
difference (p<0.05 ) between successful and unsuccessful groups. 
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As shown in Figure 5.7B, the global direction features extracted from both the 
successful and unsuccessful pregnancy groups do not show different 
distributions and are scattered across all categories. 
 
Considering the coordination features, higher CC [0.26 (0.04–0.38)], lower 
MSE [0.20 (0.16–0.30)], and lower Hd [1.89 (1.73–2.39)] were found in the 
success group compared to the failure group [CC = 0.00 (from −0.23 to 
0.13), MSE = 0.31 (0.23–0.44), and Hd = 2.50 (1.98–2.77)] (see Figure 
5.7B). The differences were statistically significant for all coordination features: 
CC (p=0.0006 ), MSE (p=0.0017 ), and Hd (p=0.0013 ).  
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Discussion 
A. Validation in Healthy Volunteers 
1) Estimation of UP Velocity, Direction, and Coordination: 
The trend of the UP velocity changes across the selected menstrual phases is 
well aligned with the observation of Ijland et al. [10]. In the LL phase, which is 
the most quiescent phase during the entire menstrual cycle, the visualization of 
UP is challenging. Thus, from manual observation, no UP is reported. 
However, with our proposed method, the velocities of the UP in both directions 
could still be assessed. Besides, significant differences in the velocity of UP 
propagation were found between LF and LL phases and between EL and LL 
phases in both C2F and F2C directions. These findings are in agreement with 
previous literature reporting different behaviour of the uterus in the different 
phases of a natural menstrual cycle [9], [25]. 
 
Our findings on UP direction are in agreement with our clinical expectations 
and the findings from other qualitative studies [25], [30]. For instance, during 
Menses, intrauterine streams were expected to be generated mainly in the 
F2C direction for menstrual emptying, and in the LF phase, pure one-
directional propagation was anticipated. 
 
No significant difference was found based on the coordination features among 
the four selected phases during the menstrual cycle. However, a trend of 
higher UP coordination was found during the LF phase, which may correspond 
to the generation of coordinated contractions favouring sperm transport from 
the vagina to the orifices of the fallopian tubes, where fertilisation occurs [25], 
[27]. 
 
2) Intra-observer and Inter-observer Study: 
According to the ICC results from the intra-observer reproducibility study (see 
Table I), excellent agreements were found for most of the features, indicating 
good reproducibility and robustness of our proposed method. We also 
observed excellent agreement for the velocity features, and good agreement 
for the coordination features from the intra-observer and interobserver 
variability studies. Since the coordination features required a good spatial 
alignment of the TMs positioned at both sides of the endometrium, posing 
extra challenge on the new users, the interobserver variability was slightly 
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worse than the intra-observer variability. This can be further improved by 
either conducting a more detailed TM positioning protocol for user guidance 
or investigating automatic segmentation techniques. 
 
The ability to quantify and characterize the uterine activity with the proposed 
method can also aid the diagnosis of uterine dysfunction and diseases. This 
will be investigated in future dedicated studies. 
 
B. Validation in IVF Patients 
1) Estimation of UP Velocity, Direction, and Coordination: 
Significantly higher velocities in both directions were found in the failure group 
compared to the success group. However, if we compare the velocities in the 
F2C direction extracted 1 h before ET and during the LF phase from healthy 
volunteers, the results are very similar. This finding suggest that, even though 
these patients are suffering from infertility problems and treated with 
hormones, the UP velocity is similar to that in healthy women in a comparable 
phase of the menstrual cycle. 
 
Our findings also suggest UP direction to be a poor predictor of the success of 
embryo implantation. This result may be ascribed to the complex propagation 
patterns observed before embryo implantation in both the successful and 
unsuccessful pregnancy groups. 
 
Significant differences in UP coordination were found between the success and 
failure groups from all metrics. Well-coordinated UP (higher CC and lower Hd 
and MSE) was found in the success group. This result suggests that proper 
coordination of uterine muscle contraction may be a relevant factor 
determining successful embryo implantation. 
 
C. Study Limitations 
This feasibility study was carried out with a limited dataset. To confirm the 
predictive value of the proposed features, larger datasets should be acquired 
and investigated in the future. The analysis of larger datasets would then 
benefit from automatic segmentation of the uterus, reported, e.g., in [31], 
enabling fully automatic positioning of the TMs rather than the semiautomatic 
approach employed in this study. 
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Twenty out of 81 TVUS recordings from IVF patients had to be excluded 
because of improper imaging window. These were all part of the retrospective 
IMPLANT 1 study, while no recording had to be excluded from the 
prospective Ghent study. This suggests the relevance of instructing the 
sonographers on the acquisition requirements. 
 
The proposed speckle tracking method is based on TVUS B-mode images. This 
approach has the advantage of being easily transferred to different ultrasound 
scanners, However, more accurate results can in principle be obtained by the 
employment of the raw radio frequency (RF) signals, although conflicting 
results are reported [32]. In future work, when access to the RF signals is 
available, speckle tracking based on RF signals could be implemented and 
evaluated. 
 
In this study, the TMs were positioned in the junctional zone close to the 
subendometrial line, which is the region where UP is mostly observed. 
However, from a physiological perspective, uterine motion should be mostly 
ascribed to myometrial cells [33]. Therefore, the initial positions of the TMs 
might have an impact on the UP characterization in relation to the 
physiological structure of the uterus. As we only investigated the UP 
characteristics close to the endometrium within the junctional zone, it would be 
interesting in the future to extend the investigation to the myometrium, where 
uterine motion originates, to obtain a more comprehensive analysis of UP. 
 
D. Future Perspectives 
Our proposed method for uterine strain analysis is designed to keep constant 
distances between the TMs over time and good alignment with the uterine 
anatomy while mitigating the effect of decorrelation due to OOP motion. 
These conditions enable our proposed spatial–temporal analysis. However, 
strong in-plane deformation of the endometrium might in principle lead to 
misalignment between the endometrial walls and the TM grid. To overcome 
these problems, automatic segmentation of the endometrial walls may be 
considered in the future [31], [34], possibly enabling improved grid placement 
and strain rate localization with respect to the uterine anatomy. 
 
The promising novel features for the characterization of different uterine 
activity and associated UP patterns, such as UP velocity and coordination, 
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have been introduced in this study. In the future, these features can be 
integrated into a machine learning framework with additional standard 
features, such as contraction frequency and amplitude, to further improve the 
prediction of successful embryo implantation [18]. With this approach, 
clinicians could be supported with critical decision-making, such as whether to 
proceed with the ET or to freeze the embryo and wait for more favourable UP 
characteristics. In this way, increased IVF success rates may be possibly 
achieved. To test this hypothesis, dedicated clinical trials should be performed 
where predictive modelling and subsequent decisions are integrated into the 
clinical workflow. The mechanical activity of the uterus is not the only 
determinant of successful IVF. Extensive research has focused on the 
assessment of embryo quality as a predictor of successful embryo implantation 
[35]. Also, in this context, predictive models based on machine learning are 
being developed and investigated [36]. In addition, it is worth investigating 
the relationship between patient responses to hormone injection and related 
changes in UP characteristics. The combination of features reflecting embryo 
quality, hormone response, and UP characteristics can be envisaged to 
improve the prediction of IVF success throughout a machine learning model. 
 
In this work, 2-D TVUS recordings were all acquired in the sagittal plane, and 
the main focus was on measuring the uterine contraction in the radial 
direction. However, with the advent of 3-D US options, complex UP patterns 
and OOP motion can be analysed and elucidated accounting for all spatial 
dimensions. This will also contribute to improve our knowledge of the uterine 
dynamics by exploring its longitudinal and circumferential deformation, 
opening up new possibilities for characterising UP and understanding the 
underlying physiological processes. Although this study focussed on IVF, UP 
assessment and characterization can represent a valuable diagnostic tool also 
in the context of widespread pathological conditions of the uterus, such as 
adenomyosis and endometriosis, which may be reflected in altered UP 
patterns. Dedicated clinical trials can be designed in the future to investigate 
the potential of the proposed features for the diagnosis of uterine diseases and 
dysfunctions. 
 

Conclusion 
A new method for quantitative analysis and characterization of UP based on 
ultrasound speckle tracking is proposed. Features related to the velocity, 
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direction, and coordination of the peristaltic waves are extracted and 
successfully evaluated for their ability to differentiate between the different 
phases of a natural menstrual cycle as well as to predict the success of in vitro 
fertilisation. Our promising results open up new possibilities for improving the 
success rates of in vitro fertilisation treatment as well as for improving our 
understanding of the physiological mechanisms underlying UP, which is still 
poorly comprehended.  
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ABSTRACT: 
Objectives: To explore normal uterine contractile function across the menstrual 
cycle using a novel quantitative ultrasound method. 
 
Materials and Methods: This multicentre prospective observational study took 
place in 3 European centres from 2014 - 2022. Uterine contraction frequency 
(contractions/minute), amplitude, direction (Cervix-to-fundus; C2F, Fundus-to-
cervix; F2C), velocity, and coordination were investigated. Features were 
extracted from transvaginal ultrasound recordings (TVUS) using speckle 
tracking.  
 
Women of  ≥18 years of age, premenopausal with normal, natural menstrual 
cycles were included. A normal cycle was defined as: regular (duration 28  ± 
2 days), no dysmenorrhea, no menometrorrhagia. 4-minute TVUS were 
performed during the menstrual phase (M), mid-follicular (MF), late follicular 
phase (LF), early luteal phase (EL) and/or late luteal phase (LL). Of the 96 
recordings available from 64 women, 70 were suitable for inclusion in the 
analysis  
 
Results: Contraction frequency (for the anterior wall) and velocity (for the 
anterior uterine wall in the F2C direction) were highest in the LF phase and 
lowest in the M and LL phases (1.61 vs. 1.31 and 1.35 contractions/min, 
p<0.001 and 0.81 vs. 0.67 and 0.62mm/sec, p<0.001 respectively).. No 
significant difference was found for contraction amplitude. Contraction 
coordination (simultaneous contraction of the anterior and posterior walls in 
the same direction) was least coordinated in the MF phase (p=0.002).  
 
Conclusions: This is the first study that measures uterine contraction features in 
healthy women during the natural menstrual cycle on TVUS in an objective 
manner.  Likewise, it introduces contraction coordination as a specific feature 
of uterine peristalsis.  We confirm differences in uterine contractility across the 
menstrual cycle, with highest activity seen in the LF phase, and lowest in the LL 
phase. 
 
Keywords: Uterine Peristalsis, TVUS, Menstrual Cycle, Speckle Tracking, 
Uterine Contractile Function
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INTRODUCTION: 
In a healthy uterus, rhythmic contractions change in rhythm and intensity 
during the menstrual cycle to support sperm propagation and embryo 
implantation (83,215–217). However, no study thus far has been able to 
comprehensively characterise all aspects of uterine contractions during the 
menstrual cycle; therefore, these characteristics remain largely speculative, 
based on heterogenous studies. Furthermore, research into its characteristics 
has been hampered by the subjectivity of the available measurement tools 
(83).  
 
 It has been suggested that aberrant uterine peristalsis or ‘dysperistalsis’ is 
associated with reduced fertility and/or symptoms such as dysmenorrhoea 
(218,219). Up to now, there exists no quantifiable marker for dysperistalsis, 
this being varyingly defined by previous investigators.  
Multiple methods have been used to visualise and assess uterine contractions 
and their different characteristics, one of which is transvaginal ultrasound 
(TVUS). A recent study, however, showed that medical professionals shared 
only mild agreement on the direction and timing of uterine peristalsis by 
subjective visual inspection of TVUS recordings (220). Although visual 
inspection of TVUS can give a number of peristalsis parameters (frequency 
and direction), it is generally qualitative and unsuitable to quantify contraction 
amplitude or velocity. Furthermore, contraction coordination – being the 
synchronised movement of the anterior and posterior walls of the uterus – has 
never been investigated. There is thus a need for an objective, quantifiable 
method for uterine contraction assessment, preferably in a non-invasive, 
operator- and patient-friendly manner.  
 
Recently published data by our group presented a novel method for assessing 
uterine contractility, using 2D TVUS and speckle tracking techniques (221–
224). This has been tested and (externally) validated in IVF patients prior to 
embryo transfer (225,226).  This method is able to quantitatively assess 
features such as contraction frequency and amplitude, in addition to a novel 
set of features: contraction coordination, direction, and velocity. Coordination 
is defined as the synchronised simultaneous movement of the anterior and 
posterior uterine walls; where the value reflects the degree of synchronicity of 
coordination. This aspect of uterine movement is potentially of clinical 
relevance for the assessment of (normal) uterine function.  
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Differences in uterine contractility have been shown to have a strong 
association with ongoing pregnancy in an IVF population (226). In this study, 
we explore the characteristics of normal uterine contractile function across the 
menstrual cycle in healthy, nulliparous women using this quantitative method, 
with a focus on the novel feature of coordination as a possible measure of 
dysperistalsis.   
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Materials and Methods: 
Study objectives: 
Evaluate uterine contraction features (frequency, amplitude, velocity, direction, 
and coordination) using a dedicated speckle-tracking algorithm by 2D 
transvaginal ultrasound measurement in healthy, women throughout the 
menstrual cycle.  
 
Study design & setting: 
Multi-centre observational prospective cohort study carried out in the 
outpatient gynaecology department of the Catharina Hospital in Eindhoven, 
the Netherlands, the University of Naples, Federico II Naples, Italy, and the 
Embryolab Fertility centre in Thessaloniki, Greece.  
 
Participants: 
Between September 2014 and January 2022, 74 healthy women were 
included from the gynaecological outpatient departments of the participating 
centres. Women were included if they were ≥18 years of age, premenopausal 
and had a normal, natural menstrual cycle. A normal cycle was defined as: 
regular (duration 28 ± 2 days), no dysmenorrhea, no menometrorrhagia. 
Exclusion criteria were:  1) pregnancy, 2) diagnosed with a mental disorder, 
3) significant language barrier, 4) use of oral hormonal contraceptives or 
intrauterine device, 5) use of other (hormonal) medication affecting the uterus, 
or 6) uterine pathology (congenital or otherwise, e.g., leiomyomas, 
adenomyosis, based on (Morphological Uterine Sonographic Assessment 
(Morphological Uterine Sonographic Assessment, MUSA (183)) criteria. 
Ultrasound scans of the included women were also assessed retrospectively by 
experts to confirm the absence of uterine abnormalities.  
 
Seventy-four women were enrolled in the study, of which 64 ultimately 
underwent TVUS recording at different phases of the menstrual cycle. This 
resulted in a total of 96 completed TVUS recordings across cycle phases. 
Eighteen recordings were subsequently excluded due to insufficient ultrasound 
quality for the analysis. Reasons for exclusion due to recording quality 
included: shadow across the endometrial lining, out-of-plane motion, or 
insufficient resolution of the images. Additionally, recordings of eight 
recordings were excluded due to suspicion of uterine abnormalities, or use of 
hormonal contraceptive methods. Figure 6.1 presents a flow diagram of 
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patient inclusion. Overall, 70 out of 96 conducted recordings from 64 women 
were included in the analysis.  
 
Data sources and measurements: 
TVUS measurement: 
Transvaginal ultrasounds (TVUS) were performed during several phases of the 
menstrual cycle: the menstrual phase (M, cycle day (CD) 1-5), mid-follicular 
(MF, CD 6-10), late follicular phase (LF, CD 11-14), early luteal phase (EL, CD 
15-20) and late luteal phase (LL, CD 21-28). During each session, four-minute 
video recordings of the uterus in the mid-sagittal section were made. The 
employed ultrasound machines were an Accuvix WA80S with Elite (Samsung 
Medison, Seoul, Korea) equipped with a V5-9 transvaginal probe (bandwidth 
5-9 MHz) or a GE Voluson S10 Expert (GE Healthcare, Zipf, Austria) equipped 
with a RIC5-9W-RS probe (bandwidth 3.8-9.3MHz).  
 
Feature Extraction: 
Various uterine contractility features were extracted from the gathered 
ultrasound recordings using a quantitative dedicated speckle tracking 
algorithm previously developed and implemented in Matlab software 
(Mathworks, Natick, USA).  The full details of the methodology of feature 
extraction have been described in detail in previously published works 
(221,224,226–229). Simply put, speckle tracking measures the displacement 
of image ‘speckles’ (such as those seen in various shades of grey on 
ultrasound images) over time. Speckle movement reflects movement of the 
imaged tissue, which in this case is movement of the uterine myometrium.  
 
For each ultrasound recording, a grid of tracking markers was manually 
positioned over the uterine junctional zone along the endometrium, known to 
be the most contractile part of the uterus (see Figure 6.2 for an illustrative 
example). Grid markers were placed 5 mm from the fundus along the 
endometrial border. The grid markers were coupled in pairs, and distance and 
strain signals were derived between each pair in both the longitudinal and 
radial direction (See Figure 6.3). Several contraction features were extracted 
from the measured strain signals as described below. Previous analyses of 
inter and intra-observer variability in the placement of the grid markers 
showed a high level of correlation, making the method both reproducible and 
reliable (229), see appendix 6A.  
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Figure 6.2: Ultrasound image of the uterus in the midsagittal section. 
Placement of the speckle tracking grid (red dots) along the endometrial border 
(blue line) at 5 mm (green line) from the apex of the fundus. 

 

 
Figure 6.3: Ultrasound images of uterus in midsagittal section with depiction of 
contractions in the longitudinal (left) and radial (right) direction 
 
Euclidean distance was used to derive the distance between each pair 
resulting in absolute motion estimates. The strain, ∈, was defined as the 
relative variation of the distance, d, between the tracked blocks as: 
∈=d(j)−d(j−1)/d(j−1), where d(j) and d(j - 1) indicate the distance between 
the tracked blocks at the current frame (j) and previous frame (j – 1), 
respectively.  
 
Contraction Frequency: 
Frequency features were analysed separately for the anterior and posterior 
wall of the uterus, in the longitudinal and radial direction. We will only present 
the longitudinal direction of contractions here. Frequency-related features are 
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reported as contractions per minute (221). Further technical details about 
feature extraction as well as pre-processing analysis can be found 
in Sammali et al . (2018) (224). 
 
Contraction Amplitude: 
Contraction amplitude features reflect the relative strength of uterine 
contraction. Amplitude of contraction was assessed by calculating the standard 
deviation of the strain signal in the longitudinal and radial directions from its 
frequency spectrum (Parseval’s theorem) (230). A higher value reflected 
stronger uterine contractions. Results are reported for contractions in the 
longitudinal direction, separately for the anterior and posterior uterine walls.  
 
Contraction Direction 
Uterine peristalsis is thought to propagate mainly in one of two directions: 
either fundus-to-cervix (F2C) or cervix-to-fundus (C2F).  The contraction 
direction was estimated by analysis of the radial strain signal representation in 
the spatiotemporal frequency domain, where the spatial domain is intended 
along the longitudinal direction of the uterus(229). The ratio between the 
strain signal energy in the quadrants corresponding to the two propagation 
directions (C2F and F2C) provided a global measure of the dominant 
propagation direction in each wall (posterior and anterior), separately (229). 
Basically, a more positive value represented movement predominantly in the 
F2C direction, whereas a more negative value represented movement 
predominantly in the C2F direction. A value around zero represented 
movement which did not show a predominant direction, being either circular 
movement, or standing or opposing contractions.  
 
Contraction Velocity 
Velocity, being propagation speed of the peristaltic waves in a certain 
direction (C2F or F2C, in mm/sec), was calculated for movement in the 
anterior and posterior walls. This was again done by analysing the radial 
strain signal representation in the spatiotemporal frequency domain, where the 
spatial domain is intended along the longitudinal direction of the uterus (224). 
The analysis was performed over a window of 20 seconds sliding over the full 
recording time. Subsequently, the median velocities (MV) in C2F and F2C 
directions were calculated by averaging velocities over time in the 
corresponding directions; a high value reflected increased velocity in the 
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reported direction. Results were reported separately for the anterior and 
posterior uterine walls.  
 
Contraction Coordination: 
In addition to the features described above, we also aimed to assess the 
coordination of uterine contraction. This is the first attempt at a quantifiable 
measurement of coordination of uterine movement up to now. In order to 
quantify this, we assessed whether the anterior and posterior wall of the uterus 
were moving synchronously or asynchronously. This was accomplished by 
estimating the time evolution of the estimated propagation direction over the 
anterior and posterior wall using a running window of 20 seconds. The two 
resulting evolutions were then compared using a similarity measure. This 
resulted in a feature defining the uterine contraction coordination depending 
on the adopted similarity measure: mean square error (MSE). Two additional 
coordination features (Hausdorff distance metric and cross correlation) were 
also investigated, and are shown in the appendix A. Again, full details on the 
technical background of these units has been published elsewhere (229). A 
higher value reflected decreased contraction coordination.  
 
Study outcomes: 
The primary outcomes investigated were the following uterine contraction 
features, compared between the four menstrual phases.  

- Frequency, in contractions/minute 
- Amplitude (unitless) 
- Direction, (unitless, whereby >0.0 globally represents F2C movement, 

and <0.0 represents C2F movement) 
- Median Velocity (mm/sec) 
- Coordination, in Mean squared error 

 
Statistical methods: 
Statistical analysis was performed using IBM SPSS statistics version 27. The 
Shapiro-Wilk test was first employed to test the normality of the distributions. 
Comparison of the outcome measures (frequency, amplitude, direction, 
coordination and velocity) between the various phases was done using the 
Kruskal-Wallis test if abnormally distributed, and a one-way ANOVA if normally 
distributed (with Bonferroni correction). Statistical significance was defined as a 
p-value < 0.05. This study is reported according to STROBE guidelines (189)  
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Ethical approval: 
This study received ethical approval from the local and regional ethical 
committees of participating centres, with study number NL52466.100.15 on July 
15th, 2020 (Netherlands), May 12th, 2021 (Greece) and October 2021 (Italy) 
. All participants gave informed consent prior to study participation. 
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RESULTS: 
Patient characteristics and recruitment: 
Ultimately, (see Figure 6.1) 70 recordings from 64 women were available for 
analysis.  
Table 6.1 presents an overview of the patient characteristics of the enrolled 
women (n=74).  
 

 
Figure 6.1: Flowchart of Patient Recruitment and Inclusion. 
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Table 6.1: Patient characteristics for analysed patients 
Patient Characteristics Total Analysed: 64 women 
Patients per participating centre 

- Netherlands 
- Italy 
- Greece 

 
33 (51.6%) 
24 (37.5%) 

7 (10.9%) 
Age (years, Mean, SD) 34.1 (6.3) 
BMI (median, IQR) 23.0 (3.75) 
Parity (n, %) 

- Nulliparous 
- Multiparous 
- Missing 

 
34 (53.1%) 

9 (14.1%) 
11 (17.2%) 

Cycle duration (days, Mean, SD) 28.1 (1.7) 

Cycle day menses measurement (Mean, SD) 2.42 (1.13) 
Cycle day mid follicular measurement (Mean, SD) 8.33 (0.94) 
Cycle day late follicular measurement (Mean, SD) 12.31 (0.85) 
Cycle day early luteal measurement (Mean, SD) 16.33 (3.951) 
Cycle day late luteal measurement (Mean, SD) 27.50 (1.00) 
Uterine measurements  

- Uterine length (mm (Mean, SD)) 
- Uterine Height (mm (Mean, SD)) 
- Uterine Width (mm Mean, SD)) 

 
71.44 (10.77) 

35.96 (6.18) 
63.10 (1.06) 

Endometrial thickness (mm (Median, IQR)) per Cycle 
Phase 

Menses: 2.00 (0) 
Mid Follicular: 5.34 (1.52) 
Late Follicular: 7.46 (2.77) 
Early Luteal: 10.02 (3.92) 

Late Luteal: 6.60 (2.44) 

 
Uterine contraction features: 
Tables 6.2 – 6.6 present an overview of the values found per contraction 
feature across the menstrual cycle phases, for the features of frequency, 
direction, velocity, amplitude and coordination.  
Contraction frequency, velocity and coordination differed significantly 
between menstrual phases. No significant differences were found between 
cycle phases for amplitude or direction.  
 
Contraction frequency: 
The overall values of contraction frequency per menstrual phase can be seen 
in Table 6.2. The highest mean contraction frequency (1.61 (SD 0.17), 
p<0.001) was found in the LF phase in the posterior wall. The phase with the 
lowest mean contraction frequency was the late luteal phase (1.28 (SD 0.12) 
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in the anterior wall, p=0.003). The early luteal and menstrual phases had 
comparable contraction frequencies(P>0.05).  
 
Table 6.2. Contraction Frequency according to menstrual cycle phase 

 Menstrual 
(n= 4) 

Mid 
follicular 
(n=11) 

Late 
Follicular 
(n= 26) 

Early 
Luteal 
(n=14) 

Late 
Luteal 
(n=15) 

p-value* 

Contraction frequency, 
longitudinal, anterior wall 
(contractions/minute, 
Mean (SD)) 

1.31 
(0.08) 

1.46 
(0.12)a 

1.46 
(0.14)a 

1.40 
(0.14) 

1.28 
(0.13) 

0.003 

Contraction frequency, 
longitudinal, posterior wall 
(contractions/minute, 
Mean (SD)) 

1.31 
(0.13) 

1.54 
(0.14)a, b 

1.61 
(0.17)a, b 

1.45 
(0.17) 

1.35 
(0.19) 

<0.001 

a significant difference vs. LL; b: significant difference vs. M  
*One-way ANOVA 
 
Contraction Amplitude: 
The overall values of contraction amplitude per cycle phase can be seen in 
Table 6.3. No significant differences were found between cycle phases. The 
mean contraction amplitude was 0.043-0.062 (SD 0.011-0.016) in the late 
follicular phase and 0.036-0.062 (SD 0.013-0.024) in the late luteal phase  
p>0.05.  
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Table 6.3. Amplitude of contractions according to menstrual cycle phase 

 Menstrual 
(n= 4) 

Mid 
follicular 
(n=11) 

Late 
Follicular 
(n= 26) 

Early 
Luteal 
(n=14) 

Late 
Luteal 
(n=15) 

p-
value* 

Standard deviation in 
strain  longitudinal 
direction anterior 
(Mean, SD) 

0.050 
(0.015) 

0.049 
(0.010) 

0.062 
(0.016) 

0.056 
(0.013) 

0.062 
(0.024) 

0.141 

Standard deviation in 
strain  longitudinal 
direction posterior 
(Mean, SD) 

0.042 
(0.006) 

0.036 
(0.010) 

0.043 
(0.012) 

0.041 
(0.014) 

0.040 
(0.014) 

0.240 

Standard deviation in 
strain  radial direction 
anterior (Mean, SD) 

0.041 
(0.014) 

0.038 
(0.010) 

0.045 
(0.012) 

0.047 
(0.021) 

0.038 
(0.013) 

0.266 

Standard deviation in 
strain  radial direction 
posterior (Mean, SD) 

0.041 
(0.011) 

0.037 
(0.010) 

0.044 
(0.011) 

0.044 
(0.023) 

0.036 
(0.013) 

0.218 

*One-way ANOVA 
 
Contraction Direction and Velocity: 
Contraction direction did not seem to differ significantly between menstrual 
phases (Table 6.4, p>0.05). During the menstrual phase, direction of 
contraction showed a trend towards F2C contractions. In other phases mainly 
C2F contractions were seen. Contraction velocity overall differed significantly 
across cycle phases. The velocity of contractions was significantly higher in the 
late follicular phase in all directions (see Table 6.5,p<0.001, p=0.021, 0.004 
and 0.026 respectively), and lowest in the late luteal phase.  
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Table 6.4. Direction of contractions according to menstrual cycle phase 
 Menstrual 

(n=4, 
Mean, 
SD) 

Mid 
Follicular  
(n=11, 
Mean, SD) 

Late 
Follicular 
(n=26, 
Mean, SD) 

Early Luteal 
(n=14, Mean, 
SD) 

Late Luteal 
(n=15, Mean, 
SD) 

p-value* 

Direction Anterior 
wall† 
 

0.085 
(0.288) 

-0.100 
(0.379) 

-0.032 (0.396) -0.054 
(0.297) 

0.084 (0.153) 0.669 

Direction Posterior 
wall† 
 

0.013 
(0.279) 

-0.270 
(0.252) 

-0.207 (0.180) -0.206 
(0.179) 

-0.061 
(0.242) 

0.300 

Predominant 
Direction 

F2C C2F C2F C2F None n/a 

* one-way ANOVA 
†A value under 0.0 reflects movements predominantly in the cervix-to-fundus 
direction, whereas a value higher than 0.0 reflects movement predominantly in 
the fundus-to-cervix direction. Values between -0.1 and 0.1 reflect no 
predominant direction, or standing/opposing contractions.  
 
Table 6.5. Contraction velocity according to menstrual cycle phase 

 Menstrual 
(n= 4) 

Mid 
Follicular 
(n=11) 

Late 
Follicular 
(n= 26) 

Early 
Luteal 
(n=14) 

Late 
Luteal 
(n=15) 

p-
value* 

Fundus-to-Cervix 
Propagation Anterior 
(mm/sec, Median (IQR)) 

0.67 (0.10) 0.77 (0.26) 0.81 (0.31)a 0.71 
(0.17) 

0.62 
(0.08) 

<0.001 

Fundus-to-Cervix 
Propagation Posterior  
(mm/sec, Median (IQR)) 

0.69 (0.09) 0.73 (0.23) 0.85 (0.21) 0.73 
(0.12) 

0.67 
(0.16) 

0.021 

Cervix- to Fundus 
Propagation Anterior 
(mm/sec, Median (IQR)) 

0.68 (0.06) 0.80 (0.30) 0.82 (0.29)a 0.71 
(0.14) 

0.65 
(0.13) 

0.004 

Cervix- to Fundus  
propagation Posterior 
(mm/sec, Median (IQR)) 

0.65 (0.11) 0.78 (0.31) 0.86 (0.33)a 0.74 
(0.11) 

0.66 
(0.15) 

0.026 

a: significant difference vs. LL;  
*Kruskal-Wallis 
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Contraction Coordination. 
The contraction coordination values are shown for all cycle phases in Table 
6.6. MSE showed a significant difference across the cycle phases, with a 
significantly (p=0.011) reduced coordination of contractions during the late 
follicular phase compared to the menstrual and late luteal phases. Further 
coordination parameters did not differ significantly between cycle phases (see 
appendix 6B).  
 
Table 6.6. Coordination of contractions according to menstrual cycle phase 

 Menstrual  
(n= 4) 

Mid Follicular 
(n=11) 

Late 
Follicular 
(n= 26) 

Early Luteal 
(n=10) 

Late Luteal 
(n=10) 

p-
value* 

MSE 
(Mean, SD) 

0.15 (0.04)b 0.28 (0.75)c 0.24 
(0.12)a,c 

0.20 (0.08) 0.18 (0.07) 0.011 

*One-way ANOVA  
a: significant difference vs. LL; b: significant difference vs. late follicular; c: 
significant difference vs. M.  
 



 165 

DISCUSSION: 
The results of this exploratory study suggest a preliminary range of normal 
reference values in a healthy population of women without hormonal 
contraception and normal uteri. We present a novel, reproducible and 
objective method based on ultrasound speckle tracking. We are able to 
characterise uterine contraction amplitude and frequency, as well as 
coordination, direction, and velocity. Coordination, direction, and velocity of 
uterine contractions are features that have never before been quantified in this 
context.  Our results show that contraction frequency and velocity are highest 
in the late follicular phase and lowest in the menstrual and late luteal phase. 
Coordination seems to be negatively affected by contractions with higher 
frequency and velocity in the late follicular phase compared to other phases. 
Amplitude and contraction direction in this population do not show significant 
variations across the menstrual cycle.   
 
Our findings are generally in accordance with the existing literature 
concerning uterine contractile activity in the healthy uterus. Previously 
described methods to assess uterine contractility have assessed some subsets 
of the features that we present (226); however, this is the first study where all 
the presented features are quantified and evaluated  (231). Our novel 
features for the characterization of different uterine activity and associated 
patterns -  coordination, direction, and velocity - can form a new avenue for 
research and knowledge into uterine function. Our presented TVUS method for 
the quantitative analysis of uterine contractions is also easily reproducible 
(229), quick, objective, and patient-friendly. It is possible to potentially 
integrate into routine gynaecological practices (after sufficient training), and 
does not require extensive skill or expertise. 
 
The main limitation of the results presented here is the small sample size of the 
study population. However, we do believe that the presented results are valid 
due to their general accordance with the currently accepted patterns of uterine 
peristalsis throughout the menstrual cycle. In addition, most patients received 
an ultrasound in only one phase of the menstrual cycle for a 4 minute time-
frame, and therefore it was not possible to conduct a within-subjects 
comparison. It can be debated in how far this relatively short recording is 
representative of the behaviour of the uterus during this phase in general,  
however a sub-analysis with repeated recordings within subjects was 



 166 

conducted in previous work (229), with comparable results. Additionally, the 
majority of ultrasounds were conducted in the late follicular phase which may 
influence the significance of results. Furthermore, due to the novel and still 
experimental nature of the quantitative analysis employed in this study, its 
clinical application in routine practice is not yet possible. It was also necessary 
to exclude a significant number of recordings from analysis (n=18) due to 
insufficient quality of the ultrasounds, which indicates that a learning curve is 
present which could (initially) affect clinical useability. In some cases this was 
avoidable (e.g. insufficient resolution or out-of-plane motion), but incidentally it 
is not possible to analyse contractions despite good ultrasound technique (for 
instance due to the orientation of the uterus, or shadows caused by intestinal 
contents for example).  It is also not yet feasible to gain contraction feature 
results in real time while performing the ultrasound scan, as the implemented 
analysis still relies on offline, post-ultrasound data processing. In the future, 
steps need to be made in order to make our TVUS speckle tracking method for 
quantitative analysis of uterine contractions utilisable in daily clinical practice.  
 
The results presented here are able to give us further insight into uterine 
behaviour at different phases of the menstrual cycle, whereby each cycle 
phase shows an individual contraction pattern. Our results clearly show that 
the late follicular phase is the most active with the highest contraction 
frequency and velocity. One could surmise that these features are thus of 
importance for the sperm transport and ovulation that occurs in this period of 
the menstrual cycle. Furthermore, the relatively reduced activity in the late 
luteal to menstrual phases suggest a relevance of these characteristics with 
regard to facilitation of embryo implantation and/or menstruation symptoms. 
The coordination feature has not before been investigated; however, our initial 
results show that increased contraction frequency and velocity seem to be 
accompanied by reduced coordination of contractions. The clinical importance 
of simultaneous (coordinated) anterior and posterior contractions  and how it 
could relate to fertility outcomes or clinical symptoms for example merits 
further investigation. Potentially, this coordination feature could be seen as a 
measure of uterine dysperistalsis, which has been previously described in 
patients with infertility and endometriosis (77,219,232) with significant clinical 
consequences, especially with regards to fertility. 
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Now that we are able to suggest normal preliminary reference values for 
uterine peristalsis in a normal menstrual cycle, it is  possible to better assess 
how and if uterine contractile activity is abnormal in different populations. 
Previous work by this research group has assessed uterine peristalsis in IVF 
patients, which showed great promise with regards to prediction of IVF 
treatment success (226). Future works will be able to compare how uterine 
contractions differ between fertile and infertile populations, also relative to the 
preliminary reference values in a normal menstrual cycle presented here, 
potentially identifying treatment target points, and perhaps uncovering a new 
facet of infertility aetiological mechanisms.  
 
Although this study focused on healthy women with normal uteri, uterine 
peristalsis assessment and characterisation can also represent a valuable 
diagnostic tool in the context of common pathological conditions of the uterus, 
such as adenomyosis, endometriosis or uterine fibroids. The effect of these 
conditions on uterine function (and disease symptoms such as dysmenorrhoea 
and infertility) may in fact be reflected in altered uterine peristalsis patterns, 
such as coordination. Dedicated clinical trials can be designed to investigate 
the potential of the proposed features for the diagnosis of uterine diseases and 
dysfunctions. Differences in uterine contractions could be an explanatory 
factor for the symptomatology in certain uterine disorders, and thereby 
become a target for patient-tailored treatment.  
 
In summary, we suggest preliminary reference values of uterine contraction 
features in healthy women during the natural menstrual cycle. Our study 
serves as a standard to which uterine peristalsis in infertile women or women 
with abnormal uteri can be compared, potentially identifying treatment targets 
and aetiological mechanisms yet unexplored. Furthermore, we hereby present 
novel uterine contraction features which can be used to assess the presence 
(or absence) of normal uterine contractility, namely coordination, direction, 
and velocity.  
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Abstract 
Uterine peristalsis is the rhythmic wave-like motion of the subendometrial layer 
of the uterus. These contractions change throughout the menstrual cycle in 
terms of direction, frequency and amplitude, and can be analysed with various 
methods. Not much is known about uterine peristalsis in patients with uterine 
abnormalities. To that end, we decided to systematically review the available 
studies for evidence on the influence of uterine abnormalities, including 
leiomyomas, endometriosis, adenomyosis and congenital uterine anomalies, 
on uterine peristalsis. After a systematic search of relevant databases, sixteen 
eligible studies were included in this review; eight case-control studies and 
eight controlled prospective cohort studies. The sample sizes ranged from 
twelve to 205 participants. Various methods of analysing uterine contractions 
were used, including transvaginal ultrasound, hysterosalpingo-radionuclide 
scintigraphy, cine MRI and intrauterine pressure measurement. Studies varied 
in their design, uterine contraction measurement method and patient groups. 
Generally however, uterine abnormalities do seem to have an influence on 
uterine peristalsis. Compared to healthy controls, the specific phase of the 
menstrual cycle (namely the periovulatory and luteal phases) seems to play a 
major role in the observed effect on uterine contractions. The included studies 
were difficult to compare directly due to heterogeneity however, and sample 
sizes were relatively small. Despite these limitations, it can be concluded that 
uterine abnormalities likely have a menstrual phase-dependent effect on 
uterine peristalsis and contraction features. These aberrant contractions 
potentially play a role in the relationship between (benign) uterine 
abnormalities and infertility, along with other associated symptoms (i.e., 
dysmenorrhoea, abnormal uterine bleeding). It is not yet possible to make a 
definite conclusion on the nature of this effect however. Further research is 
needed on objective measurement tools, treatment and clinical consequences 
of abnormal uterine peristalsis in patients with uterine abnormalities. 
 
Keywords: Uterine peristalsis, Uterine abnormalities, Leiomyoma, 
Adenomyosis, Congenital uterine anomalies  
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Introduction 
Contractions of the uterus during labour have been extensively studied and is 
basic knowledge amongst the population. On the contrary, knowledge of 
these wave-like motions (peristaltic contraction and relaxation of the 
subendometrial layer) outside pregnancy is relatively unknown and research 
into its characteristics has been hampered by the subjectivity of the available 
measurement tools (233). Today, no comprehensive and fully objective 
measurement tool is widely used. 
 
Multiple methods have been used to visualise and analyse uterine contractions 
and its different characteristics (233). Intra-uterine pressure (IUP) measurement 
using a catheter is a precise method which is able to measure contraction 
frequency, direction and amplitude; however, the introduction of the catheter 
itself may influence the natural behaviour of the uterus. Measuring contraction 
direction is also not feasible when using one single(lumen) catheter (234). 
Transvaginal ultrasound (TVUS) is another method that can visualize uterine 
contractions (69). TVUS investigation, and the subsequent analysis of the 
imaging loops, can however be subjective due to a dependence on the 
observer’s sonographic skills and ability to interpret the TVUS recordings. 
Furthermore, although several peristalsis parameters (e.g., frequency and 
direction) can be assessed on TVUS it is not possible to quantify the amplitude 
of the waves. Another way to visualize uterine contractions is hysterosalpingo-
radionuclide scintigraphy (HSSG). It is excellent for demonstrating the 
contraction direction, however contraction amplitude and frequency cannot be 
assessed by HSSG. Recent studies have also used MRI to visualize and assess 
contractions (233). The so-called cine MRI is used to visualize peristalsis of the 
uterus in real-time (235). Similar to TVUS and HSSG, and despite its cost and 
sophistication, the evaluation of contraction amplitude is not possible by MRI 
(233). 
 
In a healthy uterus, rhythmic contractions change in intensity as well as 
direction during the menstrual cycle to support sperm propagation and 
embryo implantation in response to hormonal variations (236). Other 
characteristics of uterine contractions - frequency and amplitude - are altered 
throughout the menstrual cycle as well (237). During menstruation for 
instance, uterine contractions are directed with high amplitude and low 
frequency from the uterine fundus to the cervix, whereas the periovulatory 
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phase is characterized by contractions directed towards the fundus at a high 
frequency. Uterine peristalsis is relatively quiescent during the luteal and early-
to-mid follicular phases (238). If uterine contractile patterns differ significantly 
from the norm, dysperistalsis occurs, leading to uncoordinated and ineffective 
uterine contractions.   
 
Relative consensus exists as to how uterine behaviour changes throughout the 
menstrual cycle; however, little is known about uterine activity in abnormal 
uteri, and if altered contractions are the intermediate for lower fertility 
outcomes and/or other symptomatology. It is well known that uterine 
abnormalities are associated with subfertility (239–242). We hypothesise that 
these uterine abnormalities such as uterine fibroids, adenomyosis and 
congenital uterine anomalies may disrupt uterine peristalsis thereby 
contributing to the associated symptoms of these disorders. In this systematic 
review we investigated the available literature to assess if uterine peristalsis is 
adversely affected in women with such uterine abnormalities. The primary 
objective of this review is to assess the influence of uterine abnormalities on 
uterine peristalsis, including leiomyomas, adenomyosis and congenital uterine 
anomalies.   
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Materials and methods 
Review protocol: 
The review protocol is available on PROSPERO under the ID 
CRD42021244280. 
 
Study eligibility criteria 
The researched population in this review were women with uterine 
abnormalities such as leiomyomas, adenomyosis, endometriosis and 
congenital uterine anomalies. Studies were only included if in vivo uteri were 
studied. Studies were included if uterine peristalsis was investigated in 
premenopausal women aged over 18 with regular menstrual cycles without 
hormonal therapy. The patients should not have received any surgical uterine 
treatment at baseline. Intervention studies, studying the effect of treatment of 
uterine abnormalities on uterine peristalsis were included if measurement of 
uterine peristalsis was also done prior to treatment. Cohort studies and case-
control studies were deemed eligible for inclusion. Data reported in secondary 
analysis (reviews), case reports, letters to editors, conference abstracts, and 
protocols for ongoing studies were excluded. Due to the expected scarcity of 
relevant studies, studies were not excluded based on the method employed for 
the uterine contraction measurement. Articles were only included if published 
in English.  
 
Data sources 
Multiple databases were accessed on April 28th, 2022, in the search for 
relevant literature, namely: PubMed, the Cochrane Library and Embase. The 
search was repeated on June 17th, 2023, with no new relevant studies found.  
 
Search strategy 
Several key words were selected and included the terms “Uterine 
Contraction”, “Peristalsis”, “Uterus”, “Uterus/ abnormalities”, “Leiomyoma”, 
and “Adenomyosis”. Not only MeSH terms, but also free text terms [tiab] 
were used including “junctional zone contraction”, “endometrial wave”, 
“subendometrial contraction” and “congenital uterine anomaly”. Snowballing 
was also used to find further relevant articles. The full literature search 
including all used key words can be found in Appendix A. 
 
Study screening and selection 
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The articles found during the initial literature search were assessed for 
relevance by one researcher (AB). The articles were first screened based on 
titles and abstracts, whereafter the remaining studies were evaluated based on 
the full text to assess final eligibility. The application Rayyan QCRI (243) was 
used to remove duplicates and support during study screening and selection. If 
more than one paper used same data, the publication with the largest included 
numbers was selected. Experts in the field (CR, BS) supported the study 
screening and selection process to confirm the literature search was sufficient 
to identify key publications on this topic, and to make sure that all relevant 
articles were included.  
 
Data collection 
Data was extracted by one researcher (AB) from the included articles using a 
pre-defined data-extraction table, see Table 7.3.  
 
Data items 
Outcomes of interest included the contraction presence, frequency, amplitude 
and direction. Secondary outcomes of interest were the influence of treatment 
of uterine abnormalities on uterine peristalsis. Other variables collected were 
relevant demographic patient characteristics (e.g., age, menstrual phases) and 
the specific method employed for measuring uterine peristalsis.  
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Risk of bias assessment 
Due to anticipated heterogeneity of the studies, no one dedicated 
methodological quality assessment tool is available. For this reason, the 
Downs and Black checklist for measuring study quality was adjusted to suit the 
design of each included article (244). Question 27 of the original Downs and 
Black checklist was adjusted for all studies. A study was awarded a maximum 
of one point when a power calculation was done. If a question was not 
applicable to a study, it did not contribute to the final risk of bias evaluation. If 
due to missing information in a synthesis resulting from reporting bias a 
question from the Downs and Black checklist could not be answered, a 
question was awarded with zero points and put as unable to determine (UTD). 
Based on the risk of bias assessment, an overall quality score was awarded to 
the studies based on the percentage of points achieved, see Table 7.1.  
  
Table 7.1: Definitions of the overall risk of bias quality scores 

Percentage (%) Overall quality score Colour code 
> 90 Excellent ☆ 
66.7 – 90 Good ● 

50 – 66.7 Fair ● 

< 50  Poor ● 

 
Synthesis methods 
A narrative approach was used to discuss the data extracted from the included 
studies. A meta-analysis was not carried out due to the expected heterogeneity 
of included studies.  
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Results 
Study selection 
The literature search provides us with 445 unique records. Four hundred and 
nineteen studies were excluded based on title and abstract. Reasons for 
exclusion include, but are not limited to inappropriate study design, animal-
based studies or publication in a language other than English. A total of 
sixteen studies were eventually included in this systematic review. A schematic 
overview of the study screening and selection process can be seen in Figure 
7.1. 
 
Figure 7.1: PRISMA Flowchart for the selection of papers included in this 
systematic review
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Study characteristics 
Full details of the characteristics of the included studies are shown in Table 
7.3. Of the sixteen included studies, nine studies assessed uterine peristalsis 
using Cine MRI, two using TVUS, one using HSSG and four using intrauterine 
pressure measurement. Table 7.4 shows an overview and definition of the 
measurement tools employed in the included studies. Eight studies assessed 
uterine peristalsis in patients with leiomyomas, five studies assessed uterine 
peristalsis in patients with endometriosis and/or adenomyosis and one study 
assessed uterine peristalsis in patients with congenital uterine anomalies, 
namely patients with a bicornuate uterus. One included study assessed uterine 
peristalsis in patients with leiomyomas and endometriosis. An additional paper 
on the influence of chronic endometritis on uterine peristalsis was identified 
and included, as chronic endometritis is classified as a uterine abnormality. No 
studies were identified that focussed solely on the influence of adenomyosis on 
uterine peristalsis. As described above, adenomyosis and endometriosis are 
associated and usually occur simultaneously to varying degrees however. 
Therefore, studies focussing on the influence of endometriosis on uterine 
peristalsis are included as well.
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Table 7.3: O
verview

 of study characteristics and m
ain findings on leiom

yom
as, adenom

yosis and endom
etriosis, congenital 

uterine anom
alies and chronic endom

etritis. 
A

uthor 
(year) 

Study 
design 

Topic 
Sam

pl
e size 

Inclusion/ 
exclusion 
criteria 

Relevant 
patient 
dem

ographics 

Relevant 
control 
dem

ograp
hics 

M
ethod of 

m
easuring 

peristalsis 

A
ssessed 

param
eters 

M
om

ent of 
m

easurem
ent 

Interventio
n 

O
utcom

e 
m

easure 
Results 

Bulletti et 
al. (1997) 

C
ase-

control 
study 

Endom
etrio

sis 
16 
patient
s, 12 
control
s 

Patients: 
laparoscopic
ally 
diagnosed 
endom

etriosi
s.  
C

ontrols: 
norm

al 
m

enstruating, 
parous, no 
spontaneous 
abortion or 
sym

ptom
s of 

endom
etriosi

s 

A
ge 30.55 

years +/- 4.82 
A

ge 35.50 
years +/- 
7.72 

Intrauterine 
pressure 
m

easurem
e

nt w
ith tw

o 
probes, one 
near the 
fundus and 
one near 
the cervix. 
For 20 
m

inutes 

Frequency, 
am

plitude 
and basal 
pressure 
tone 

/ 
/ 

A
bnorm

al 
contractility 

Fundus (patient vs 
control): frequency 
28.40 +/- 8.96 vs 
11.90 +/- 7.05 
os/10m

in, am
plitude 

11.63 +/- 8.48 vs 
6.41 +/- 4.29 m

m
H

g, 
basal pressure tone 
65.33 +/- 23.76 vs 
25.28 +/- 19.94 
m

m
H

g.  

Bulletti et 
al. (2002) 

C
ontrolle

d prospecti
ve case-
control 
study 

Endom
etrio

sis 
22 
patient
s, 22 
control
s 

Both patients 
and controls: 
norm

al 
m

enstruation 
w

ith 
unexplained 
fertility, 
nulliparous, 
no pelvic 
inflam

m
atory 

disease, no 
severe 
adhesions 
and no 
adenom

yosis
.  Patients: 
stage 2 or 3 
endom

etriosi
s.  
C

ontrols: no 
evidence of 

A
ge 27.9 

years +/- 5.5, 
91%

 
dysm

enorrhea 

A
ge 28.1 

years +/- 
6.2, 27%

 
dysm

enorrh
ea 

Intrauterine 
pressure 
m

easurem
e

nt w
ith tw

o 
probes, 
starting one 
near the 
fundus and 
one near 
the cervix. 
For 20 
m

inutes 
w

hile 
pulling out 

Frequency, 
am

plitude 
and basal 
pressure 
tone 

C
ycle day 

2-4 
Laparoscopic 
treatm

ent 
U

terine 
contractions, 
retrograde 
bleeding 

Patient vs control:  
frequency 22.73 +/- 
5.66 vs 11.09 +/- 
3.26 os/10m

in, 
am

plitude 20.82 +/- 
3.94 vs 6.77 +/- 2.83 
m

m
H

g,  
baseline uterine 
pressure 50.14 +/- 
16.30 vs 24.68 +/- 
6.14 m

m
H

g 
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endom
etriosi

s 
Fornazari 
et al. 
(2019) 

C
ontrolle

d prospecti
ve study 

Leiom
yom

a
s 

26 
patient
s 

Sym
ptom

atic 
fibroids and 
indication for 
em

bolization 
w

ith U
FE, no 

horm
onal 

blockade, 
prem

enopau
sal, not 
exclusively 
subm

ucosal 
or subserosal 
fibroids, no 
current 
fertility 
therapies 

A
ge 30 – 41 

years (m
ean 

36) 
15 transm

ural, 
5 subm

ucosal, 
5 intram

ural, 1 
subserosal 

/ 
C

ine M
RI, 4 

m
in. 

Presence, 
contraction 
pattern, 
fibroid 
location, 
uterine 
volum

e 

Periovulato
ry phase 

U
FE 

U
terine peristalsis 

C
ervix (patient vs 

control): frequency 
25.90 +/- 10.21 vs 
17.90 +/- 8.46 
os/10m

in, am
plitude 

9.18 +/- 7.36 vs 6.95 
+/- 4.07 m

m
H

g, basal 
pressure tone 58.02 
+/- 23.13 vs 42.41 +/- 
14.18 m

m
H

g 

K
ido et al. 

(2007) 
C

ase-
control 
study 

Endom
etrio

sis 
26 
patient
s, 12 
control
s 

Patients: pre-
m

enopausal, 
diagnosed 
w

ith 
endom

etrial 
cysts, no 
horm

onal/ 
surgical 
treatm

ent, no 
adenom

yosis
, no 
leiom

yom
as.  

C
ontrols: no 

visible 
gynaecologic
al anom

alies, 
nulliparous, 
no 
gynaecologic
al treatm

ent, 
no fertility 
treatm

ent, no 
horm

onal 
treatm

ent 

A
ge 24-51 

years (m
ean 

35.1),  
10 
periovulatory, 
13 luteal, 3 
m

enstrual 
phases. 
8 gravidities, 7 
parous.  
4 rights, 9 left, 
13 bilateral 
cysts of the 
ovaries.  
M

ean size 
cysts 4.2 +/- 
2.2 cm

 

A
ge 23-32 

years 
(m

ean 
25.9) 

C
ine M

RI, 2 
m

in. 
Presence, 
frequency, 
direction, 
sustained 
contraction
s 

Periovulato
ry, luteal 
and 
m

enstrual 
phase 

/ 
U

terine peristalsis 
   Patient vs control 
periovulatory phase: 
presence 30%

 vs 
92%

, <C
F w

aves in 
patients, frequency 
2.5 +/- 1.0 vs 4.4 +/- 
1.6 per 2 m

in.  
Patient vs control 
luteal phase: presence 
23%

 vs 25%
  

Patient vs control 
m

enstrual phase: 
presence 100%

 vs 
42%
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K
ido et al. 

(2011) 
C

ontrolle
d prospecti
ve study 

Leiom
yom

a
s 

20 
patient
s 

Sym
ptom

atic 
uterine 
leiom

yom
as, 

prem
enopau

sal, no 
horm

one 
therapy, 
endom

etrium
 

w
ell visible, 

undergoing 
U

A
E 

A
ge 39-53 

years (m
ean 

45.5 +/- 3.7) 

/ 
C

ine M
RI, 3 

m
in. 

Presence, 
direction, 
frequency, 
uterine 
volum

e, 
index 
leiom

yom
a 

volum
e and 

location, 
num

ber of 
leiom

yom
a

s 

Periovulato
ry phase 

U
A

E 
U

terine peristalsis 
A

fter U
A

E:  
frequency increased (p 
> 0,05) 
direction rem

ained 
m

ainly C
F 

presence increased: 6 
cases (3 intram

ural, 2 
subm

ucosal, 1 
subserosal) w

ith new
 

U
P  

K
ido et al. 

(2014) 
C

ase-
control 
study 

Leiom
yom

a
s 

20 
patient
s, 20 
control
s 

Patients: 
prem

enopau
sal, no 
horm

one 
therapy, U

P 
w

ell assessed  

A
ge 39-53 

years (m
ean 

45.5 +/- 3.7) 

A
ge 19-46 

years 
(m

ean 
33.3) 

C
ine M

RI, 3 
m

in. 
Presence, 
direction, 
frequency, 
index 
leiom

yom
a 

volum
e and 

location, 
num

ber of 
leiom

yom
a

s 

Periovulato
ry phase 

/ 
U

terine peristalsis 
Presence and 
frequency low

er in 
patients 
directions in both 
m

ainly C
F 

larger uterine volum
e 

and index fibroid 
(located intram

urally) 
w

hen U
P  

N
o U

P then fibroid 
subm

ucosal, 
intracavitary or 
subserosal 

C
ontrols: no 

pelvic 
abnorm

alities
, no horm

one 
therapy 

K
issler et 

al. (2007) 
C

ontrolle
d prospecti
ve case-
control 
study 

Endom
etrio

sis and 
adenom

yos
is 

80 
patient
s, 24 
control
s 

Patients: 
diagnosed 
w

ith 
endom

etriosi
s.  
C

ontrols: 
good health 

M
ost rA

FS-
stages 1 and 2. 
50 w

ith 
peritoneal 
endom

etriosis 
of w

hich 42 
w

ith additional 
adenom

yosis 
of w

hich 28 
w

ith focal 
spread of ≥1 
adenom

yotic 
lesions and 12 
w

ith diffuse 
adenom

yosis 

N
ot noted 

H
SSG

, 
scans m

ade 
up to 30 
m

in. after 
application 
of m

arked 
m

icroalbum
i

n aggregates 

D
irection 

Late 
follicular 
phase 

/ 
D

irection of utero-
tubal transport 

Patients(endom
etriosis) 

vs controls: 38.5%
 vs 

67%
 intact utero-tubal 

transport capacity, 
61.5%

 vs 33%
 

pathologic transport.  
Endom

etriosis, no 
adenom

yosis vs focal 
spread vs diffuse 
adenom

yosis: 62.5%
 

vs 46%
 vs 21.5%

 
intact transport, 
37.5%

 vs 54%
 vs 

78.5%
 pathologic 

transport 
Leyendeck
er et al. 
(1996) 

C
ase-

control 
study 

Endom
etrio

sis 
111 
patient
s, 94 

Patients: 
history of 
infertility, 
diagnosed 

A
ge 21-38 

years (m
ean 

29), 1-7 years 

A
ge 22-46 

(m
ean 30) 

TV
U

S, 5 
m

in. and 
H

SSG
 

Presence, 
frequency, 
direction 

V
SU

P: 
m

enstrual 
and early, 
m

id and 

/ 
U

terine peristalsis 
Patient vs control: 
doubling of 
frequencies during 
early, m

id and late 



 
181 

control
s 

endom
etriosi

s, tubal 
patency.  
C

ontrols: 
regular 
cycles, 
history of 
fertility, tubal 
patency, no 
endom

etriosi
s. 

of infertility 
(m

ean 4),  
82 m

inim
al - 

m
ild, 29 

m
oderate - 

severe 
endom

etriosis.  
M

ost regular 
cycle, som

e 
prolonged 
proliferative 
and short luteal 
phase 

late 
follicular, 
m

id-luteal 
phase.  
H

SSG
: 

early, m
id 

and late 
follicular 
phase 

follicular and m
id-

luteal phase. A
lso 

increase in frequency 
during m

enses.  
Both decrease in FC

 
contractions 
throughout cycle.  
Late follicular: patients 
show

 irregular 
contractions 

N
ishino et 

al. (2005) 
C

ontrolle
d prospecti
ve study 

Leiom
yom

a
s 

26 
patient
s 

Leiom
yom

as 
detected on 
TV

U
S; w

hole 
uterine cavity 
visible, able 
to visualize 
U

P 

A
ge 19-51 

years (m
ean 

41) 
16 subm

ucosal, 
13 intram

ural/ 
subserosal 
leiom

yom
as, 3 

both (included 
in subm

ucosal).  
Leiom

yom
a 

size 1.5-10 x 
1.5-8 cm

.  
Subm

ucosal: 1 
m

enses, 3 
follicular, 1 
periovulatory, 
10 luteal, 1 
phase unclear.  
Intram

ural: 2 
m

enses, 2 
follicular, 2 
periovulatory, 
4 luteal phase 

/ 
C

ine M
RI, 2 

m
in. 

Presence, 
direction, 
frequency, 
conduction, 
focal loss 
of w

aves 
and focal 
m

ovem
ents 

(direction 
and 
frequency) 

M
enstrual, 

follicular, 
periovulato
ry and 
luteal 
phase 

/ 
U

terine peristalsis 
 Subm

ucosal: U
P 

present: 12/16, 
direction: 4/5 C

F 
m

idcycle, 1/1 FC
 

m
enstrual phase, 

frequency: 1-3x/2m
in 

luteal phase, 2-5x/2 
m

in. rem
aining cycle, 

conduction of U
P: 

4/12 obscured, non-
propagating 
m

ovem
ent adjacent to 

leiom
yom

a 9/16 w
ith 

frequency of 5-14x/2 
m

in. 4 show
ed loss of 

U
P 

 Intram
ural/ 

subserosal: U
P 

present: 10/10, 
direction: 2/3 C

F 
m

idcycle, 2/2 FC
 

m
enstrual phase, 

frequency 1-4x/2 m
in 

luteal phase, 2-5x/2 
m

in. rem
aining cycle. 

C
onduction of U

P 
good 
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O
liva et 

al. (1992)  
C

ontrolle
d prospecti
ve study 

Bicornuate 
uterus 

12 
patient
s 

Bicornuate 
uterus 

7 sym
m

etrical 
cavities, 5 
asym

m
etrical 

cavities 

/ 
Intrauterine 
pressure 
m

easurem
e

nt w
ith 2 

balloon-
closed 
catheters, 1 
in each 
horn 

Frequency, 
am

plitude, 
basal 
pressure 
tone 

O
vulation 

and 
prem

enstru
al phase 

O
xytocin 

and m
ethyl 

ergobasine 

U
terine m

otility 
Before drugs:  
Sym

m
etrical cavities:  

O
vulation: U

P sim
ilar 

in horns, pressure: 5-
12 m

m
H

g, frequency: 
3-5x/m

in.  
Prem

enstrual: U
P 

sim
ilar in horns, 

pressure: 20-30 
m

m
H

g, frequency: 
1/m

in.  
 A

sym
m

etrical cavities:  
O

vulation: U
P 

dissim
ilar in horns.  

Prem
enstrual: U

P in 
larger horn typical, 
sm

aller horn different 
O

risaka et 
al. (2007) 

C
ase-

control 
study 
(pilot) 

Leiom
yom

a
s 

19 
patient
s,  
3 control
s 

Patients: 
prem

enopau
sal, norm

al 
m

enstrual 
cycles, 
diagnosed 
w

ith 
leiom

yom
as 

C
ontrols: 

healthy 
w

om
en 

A
ge 24-42 

years (m
ean 

34.8) 
15 intram

ural, 
2 subserosal 
and 2 
subm

ucosal 
leiom

yom
as 

A
ge 28-36 

(m
ean 32), 

m
ean 

length 
cycle: 30.3 
days 

C
ine M

RI, 
3-4 m

in. 
Presence, 
direction, 
frequency 

M
enstruati

on, 
follicular, 
periovulato
ry and 
early, m

id- 
and late 
luteal 
phase 

/ 
U

terine peristalsis 
U

P present in all 
w

om
en.  

D
irection: alm

ost 
sim

ilar in both groups 
in follicular, 
periovulatory, early 
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prospecti
ve study 

undergoing 
m

yom
ectom

y 
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m

yom
ectom
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7 infertility, 5 
dysm

enorrhea/ 
m

enorrhagia 
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the tip of 
the fundus, 
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Yoshino et 
al. (2010) 

C
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ve study 
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yom
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patient
s 
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infertility 
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s), M

RI 
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plantation 
w
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A
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years, norm
al 

m
enstrual 

cycles w
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al 

horm
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(FSH
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oestradiol and 
progesterone), 
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in. 

Presence, 
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s 
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Yoshino et 
al. (2012) 
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ontrolle
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infertility 
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phase day 
5-9 

M
yom
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m
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3x/3m

in. 

A
bbreviations: U

FE, uterine fibroid em
bolisation; U

A
E, uterine artery em

bolisation; C
F, direction of uterine contractions cervix-to-fundus; U

P, uterine 
peristalsis; rA

FS-stage, revised A
m

erican Fertility Society-stage; H
SSG

, hysterosalpingoscintigraphy; TV
U

S, transvaginal ultrasound; V
SU

P, video 
sonography of uterine peristalsis; FC

, direction of uterine contractions fundus-to-cervix; U
SgH

IFU
, U

ltrasound-G
uided H

igh-Intensify Focused U
ltrasound; 

IU
D

, intra-uterine device; BBT, basal body tem
perature.
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Risk of bias in studies 
Table 7.2 shows the risk of bias per included study. Five studies were of good 
quality, seven studies of fair quality and four of the included studies of poor 
quality. No studies were of excellent quality. The extensive, non-simplified, 
quality assessment is included in appendix 7B.  
 
Table 7.2: Simplified risk of bias assessment of the included studies  
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Results of individual studies 
An overview of the study characteristics and a summary of the extracted data 
is included in Table 7.3. 
A summary of study findings per uterine contraction feature and uterine 
abnormality is shown in Table 7.4. 
 
Table 7.4: Summary of Uterine Contractility Measurement Tools used in 
Included Studies 

 Measurement Method Contraction Features 
Assessed 

Studies Used 

Cine MRI Subjective visualisation of contractions in the 
junctional zone of the uterus on 2D MRI 

Frequency, Direction  (245–252)  

IUP Catheter Intra-uterine catheter with sensors at different 
points  

Frequency, Amplitude, 
Direction 

(253–256) 

HSSG Visualisation of displacement of vaginally 
administered radio-isotope over time using 
scintigraphy imaging 

Direction (219) 

TVUS Subjective visualisation of contractions in the 
junctional zone of the uterus on 2D ultrasound 

Frequency, Direction (219,232,257) 

 
Leiomyomas and uterine peristalsis 
Five out of six included studies investigating uterine contractility in leiomyoma 
patients used cine MRI, with one study investigating uterine contractility using 
an IUP catheter. 
 
Presence of uterine contractions 
In a case-control study by Orisaka et al. (2007), in all patients with 
leiomyomas (n= 19) and healthy controls (n= 3) uterine contractions were 
observed (252). Their conclusion that leiomyomas have no influence on the 
presence of uterine contractions was not confirmed by studies by Yoshino and 
Kido (246,249). Yoshino observed in a prospective study , an increased 
presence of uterine contractions in patients with leiomyomas (n= 15) during 
the midluteal phase (249). In the study by Kido et al fewer patients with 
leiomyomas (n= 20) showed uterine contractions compared to healthy 
controls (n=20) during the periovulatory phase (246). Nishino et al. (2005) 
reported that presence of uterine contractions may be correlated to the 
subtype of leiomyomas: patients with intramural leiomyomas (n=26) 
universally presented uterine peristalsis, whereas this was not seen in patients 
with submucosal leiomyoma’s (250). Four controlled-prospective studies 
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observed an increase in presence of uterine contractions during the 
periovulatory phase after the treatment of leiomyomas by uterine artery 
embolisation (UAE), ultrasound-guided high-intensify focussed ultrasound 
treatment (USgHIFU), uterine fibroid embolisation (UFE) and myomectomy 
compared to before treatment (247,251,255,258).  
 
Contraction frequency 
 The case-control study by Orisaka et al. observed almost identical peristaltic 
patterns regarding contraction frequency in patients with leiomyomas (n=19)  
versus healthy controls (n=3) during all phases of the menstrual cycle (252). 
Two studies, on the other hand, observed altered peristaltic patterns in 
patients with leiomyomas and suggested the influence of leiomyomas on 
contraction frequency seemed menstrual-phase dependent (246,249). A 
decreased contraction frequency in patients with leiomyomas (n=20) was 
reported during the periovulatory phase (246), whereas an increased 
frequency was noticed in some patients with leiomyomas (n=20) during the 
mid-luteal phase compared to controls (n= 20) (249). Leiomyoma localisation 
seemed to have no effect on the contraction frequency (250). In three 
controlled prospective studies, initially altered uterine peristalsis normalised 
after treatment of uterine leiomyomas, including myomectomy, UAE and 
USgHIFU (247,248,258). After treatment, a relatively decreased contraction 
frequency was noted during the mid-luteal phase (248), whereas an increase 
in frequency was observed during the periovulatory phase (247,258). 
 
Contraction amplitude 
The contraction amplitude in patients with leiomyomas has not been 
compared yet with the contraction amplitude in healthy controls. A study by 
Szamatowicz et al. reported a higher contraction amplitude after 
myomectomy however (255).  
 
Contraction direction  
In five studies, the contraction direction during the periovulatory phase was 
observed form cervix-to-fundus in both patients with leiomyomas and healthy 
controls (246,247,250,252,258). One of these case-control studies also 
concluded that contraction direction in the follicular and late luteal phase was 
almost identical in patients (n= and healthy women(n=. Differences in 
contraction direction between patients  with leiomyomas (n=19) and healthy 
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women (n=3) were noted during menstruation and the mid-luteal phase (252). 
Nishino et al. (2005) showed a fundocervical contraction direction during 
menses in all patients with leiomyomas (n=26). The location of the 
leiomyomas seemed to be of no statistically significant influence (250). After 
treatment of uterine leiomyomas by either UAE or USgHIFU, the 
cervicalfundal movement during the periovulatory phase remained unchanged 
(247,258). 
 
Additional peristaltic observations 
A case-control study reported that 33% of the patients (n=9/16) with 
submucosal leiomyomas had disturbed uterine peristalsis. Specifically, higher 
frequency focal myometrial movements in the immediate vicinity of the 
leiomyoma were observed (250). After treatment of uterine leiomyomas with 
UFE, uterine contractions were noted to become more coordinated (251). 
 
Adenomyosis/Endometriosis and uterine peristalsis 
Five studies investigated uterine peristalsis in adenomyosis/endometriosis 
patients, with two studies using IUP catheter measurement, one TVUS and 
HSSG, one only HSSG, and one cine MRI.   
 
Presence of uterine contractions 
Uterine peristalsis was noted in both patients with endometriosis and healthy 
controls  (253). Bulletti et al. (2002) confirmed the presence of uterine 
contractions during the menstrual phase in both patients with endometriosis 
(n=22) and controls (n=20) (254). In a case-control study by Kido et al. 
(2007), by contrast, a difference was found in the presence of uterine 
contractions throughout the entire menstruation cycle. During the 
periovulatory phase, statistically significantly fewer patients with endometriosis 
(n=26) had uterine contractions compared to controls (n=12). A trend 
towards a  lower presence during the luteal phase and higher during the 
menstrual phase compared to controls was suggested but did not prove to be 
significant (245).  
 
Contraction frequency 
In three studies, the increase in frequency from early to late follicular phase in 
healthy controls was also observed amongst women with endometriosis 
(232,245,253,254). As reported in several studies, the contraction frequency 
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overall is different in the presence of endometriosis (232,245,253,254). 
When the menstrual phases are disregarded, a higher contraction frequency 
was observed in patients with endometriosis than in controls (253). 
Leyendecker et al. (1996) specifically investigated the contraction features 
through the menstrual cycle phases and found a higher contraction frequency 
in patients with endometriosis (n= 111) than in controls (n=94) across phases. 
Contraction frequency was especially increased in the follicular and mid-luteal 
phase (232). Contradictorily, Kido et al. (2007) found a decreased 
contraction frequency during the periovulatory phase in patients with 
endometrial cysts (n=26 vs. n=12)  (245). A controlled prospective study 
contradicted these outcomes, showing that endometriosis had almost no 
influence on uterine contractions during the periovulatory phase. 
Endometriosis severity did not seem to affect contraction frequency (249). 
 
Contraction amplitude  
Bulletti et al. (1997) described a (non-significant) increased uterine amplitude 
in patients with endometriosis (n=16) compared to healthy women (n= 12) 
(253). Further research confirmed statistically significantly  increased 
contraction amplitude in endometriosis patients (n=22 vs n=22) across 
menstrual cycle phases (254).  
 
Contraction direction 
Contraction direction in patients with endometriosis was only examined by 
two studies. One case-control study stated that patients with endometriosis 
(n=111) as well as healthy women (n=94) progressing through the menstrual 
cycle show a similar decrease in cervix-to-fundus directed contractions (232). 
A further case-control study focusing on the influence of endometriosis 
presenting as endometrioma’s, did report a difference versus healthy women, 
with statistically significantly fewer uterine contractions from cervix-to-fundus in 
endometriosis patients during the periovulatory phase (245).  
 
Additional peristaltic observations 
During the follicular phase, patients with endometriosis (n=111) demonstrated 
more of these dysperistaltic contractions compared to controls (n= 94) (232). 
In patients with endometriosis and additional adenomyosis (n=24/80), 
hyperperistalsis is seen in patients with an focal adenomyosis (n=14/80) 
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whereas dysperistalsis was seen in patients with diffuse adenomyosis 
(n=11/80)  (219). 
 
Congenital uterine anomalies and uterine peristalsis 
Contraction frequency 
One small study investigated women with a bicornuate uterus (n=12). using 
an IUP catheter, these patients showed a similar contraction frequency when 
compared to what the literature reveals as normal in controls (256). In case of 
dissimilarity of the two parts of the uterus, differences in frequency, 
characterized by a disorganised pattern of contractions, were noticed in the 
smaller uterine horn especially in the late-luteal phase. 
 
Chronic endometritis and uterine peristalsis 
Contraction frequency 
A case-control study using TVUS noticed a decreased contraction frequency in 
patients with chronic endometritis (n=45) compared to healthy controls 
(n=45), particularly during the periovulatory phase. No further differences 
were found (257). 
 
Contraction direction  
Pinto et al. (2015) reported a statistically significant influence by the presence 
of chronic endometritis on the contraction direction during the periovulatory 
and midluteal phase. During the periovulatory phase, patients with chronic 
endometritis presented less cervix-to-fundus contractions compared to healthy 
controls. During the midluteal phase patients showed general dysperistalsis 
(257).  
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Discussion 
In summary, the available literature suggests that uterine abnormalities may 
indeed influence uterine peristalsis even though measurement methods 
differed across studies. Findings of included studies report that presence of 
leiomyomas generally lead to a decreased presence of uterine contractions in 
various menstrual phases, whereas endometriosis/adenomyosis lead to an 
increased frequency across menstrual phases. No changes in the presence of 
uterine contractions were noted in patients with a bicornuate uterus or chronic 
endometritis. Studies were contradictory on the influence of uterine 
abnormalities on contraction direction. Only patients with chronic endometritis 
exhibited clearly altered contraction direction was described. The influence of 
uterine abnormalities on contraction amplitude has not yet been studied 
extensively. Endometriosis, however, seems produce an increase in 
contraction amplitude. Dysperistalsis was noted in patients with leiomyomas, 
endometriosis, adenomyosis and an asymmetric bicornuate uterus. Another 
observation in patients with leiomyomas was that the treatment of leiomyomas 
re-established normal uterine contractions, which could confirm the effect of 
leiomyomas on uterine peristalsis. 
 
Previously published systematic reviews have mainly focused on the influence 
of uterine contractions on fertility. Kuijsters et al. (2017) briefly described the 
influence of uterine abnormalities on peristalsis. The results of this systematic 
review supports their reported influence of uterine abnormalities on uterine 
contraction features (233). It was postulated that abnormal uterine 
contractions in patients with uterine abnormalities could be the cause of 
infertility (233), a hypothesis supported by Hunt et al. (2020). Effects of 
endometriosis, adenomyosis and leiomyomas on uterine peristalsis were also 
described by Hunt et al. (2020), with similar conclusions to this review. A 
clear influence of endometriosis on contraction direction was reported; 
however, this could not be confirmed in our review (259). 
 
Even though more attention is being given to uterine peristalsis recently, few 
systematic reviews have been conducted on this subject. This review gives a 
clear summary of the published studies on the influence of uterine 
abnormalities on uterine peristalsis up to now. To give an overview of all 
gathered knowledge, it was chosen to include studies regardless of the 
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method used to assess uterine peristalsis. This, however, does make the results 
of the various studies difficult to compare. As seen in Tables 7.3 and 7.4, four 
techniques of visualising uterine peristalsis have been used, each with its own 
limitations. Few can assess all potential parameters and results are often 
based on subjective assessment of obtained images. To ensure comparability 
amongst studies, it would be better to eradicate this subjectivity by automating 
the analysis, as proposed by Sammali et al. (2019) (229,260). 
 
Studies were also difficult to compare due to heterogeneity in study designs, 
populations and intervention. The moment of measurement in the menstrual 
cycle seemed to be of major influence on the observed contraction features, 
however not all studies reported this (253). Additionally, the sample size of 
most of the included studies was small. In three studies, participants were 
divided over the menstrual phases and uterine contractions were only 
assessed in that particular phase (245,250,252). As the result of this, only a 
few participants were assessed per menstrual phase. One might argue 
whether this is enough to draw conclusions. Furthermore, some included 
studies are relatively dated.  
 
This results from a lack of recent literature on the influence of uterine 
abnormalities, specifically congenital uterine anomalies, on uterine peristalsis. 
Besides, reported differences in uterine contractions in endometriosis patients 
might be influenced by an unreported presence of adenomyosis. Since the 
sonographic diagnosis of adenomyosis can be difficult, an undiagnosed 
presence in this endometriosis group could have biased the outcome. 
Additionally, an article on the influence of endometriosis, presented as 
endometrial cysts, was included. It could be questioned if this has a 
comparable effect on uterine peristalsis as in (deep) endometriosis or 
adenomyosis. 
 
Finally, the included studies use different definitions of uterine peristalsis. Non-
propagating contractions were included in the definition of uterine peristalsis 
in some, and defined as dysperistalsis, but excluded or unmentioned in other 
studies. This calls for a standard definition for uterine peristalsis and its various 
features.  
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Conclusions 
Despite the heterogeneity of the included studies, it can be concluded that 
uterine abnormalities influence uterine peristalsis, often leading to a, 
menstrual phase-dependent, altered frequency and decreased presence of 
uterine contractions. The presence of abnormal uterine peristalsis could 
indicate the presence of underlying uterine pathology. This knowledge could 
potentially aid in a better diagnosis of uterine abnormalities. More research is 
needed into objective measurement tools of uterine peristalsis, and into both 
treatment and clinical implications of abnormal uterine peristalsis in these 
patients.   
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Abstract:  
OBJECTIVES: To evaluate uterine contractility (UC) in adenomyosis patients 
compared to healthy controls using a quantitative two-dimensional transvaginal 
ultrasound (TVUS) speckle tracking method. 
 
MATERIALS AND METHODS: This multi-centre prospective observational 
study took place in three European centres between 2014 and 2023. 46 
women with a sonographic or MRI diagnosis of adenomyosis were included. 
106 healthy controls without uterine pathologies were included. Four-minute 
TVUS recordings were performed and four UC features were extracted using a 
speckle tracking algorithm. The extracted features were: contraction frequency 
(CF) (contractions/minute), amplitude, velocity (mm/s) and coordination. 
Women with adenomyosis were compared to healthy controls according to the 
phase of the menstrual cycle. 
 
RESULTS: Throughout the different phases of the menstrual cycle, trends of 
increased amplitude, decreased CF and velocity, and reduced contraction 
coordination were seen in adenomyosis patients compared to healthy controls. 
These were statistically significant in: the late follicular phase, with higher 
amplitude (0.087±0.042 vs. 0.050±0.018, p=0.001), lower CF and velocity 
(1.49±0.22 vs. 1.68±0.25 contractions/minute, p=0.021, and 0.65±0.18 vs. 
0.88±0.29 mm/sec, p=0.014, respectively), and reduced contraction 
coordination (0.34±0.08 vs. 0.26±0.17, p=0.015), in the late luteal phase, 
with higher amplitude (0.050±0.022 vs 0.035±0.013, p=0.038), lower 
velocity (0.51±0.11 vs. 0.65±0.13 mm/sec, p=0.027), and reduced 
contraction coordination (0.027±0.06 vs. 0.18±0.07, p=0.011), and in the 
mid-follicular phase, with decreased CF (1.48±0.21 vs. 1.69±0.16 
contractions/minute, p=0.013) in adenomyosis patients compared to controls. 
During menses, a higher pain score was significantly associated with lower CF 
and velocity and higher contraction amplitude (P<0.05).  
 
CONCLUSION: UC differs in adenomyosis patient compared to healthy 
controls throughout the phases of the menstrual cycle. This suggests an 
etiological mechanism for the infertility and dysmenorrhea seen in 
adenomyosis patients. Moreover, it presents new potential therapeutic targets 
and diagnostic markers.  
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Introduction: 
Uterine peristalsis (UP) occurs in the endo-myometrial layer of the non-pregnant 
uterus. On transvaginal ultrasound (TVUS) it can be visible in the junctional 
zone (JZ) and appears as wave-like movements (70,237). UP is thought to have 
physiological function and its behaviour is cycle-phase dependent 
(237,261,262). During menstruation, the peristalsis is directed from fundus-to-
cervix (F2C), supporting the expulsion of endometrial lining, with a relatively 
low frequency. During the periovulatory phase, UP switches to cervix-to-fundus 
(C2F) contractions and has the highest frequency and velocity. It is thought that 
contractions in this phase are especially directed towards the ipsilateral side of 
the dominant follicle, supporting sperm transport (262,263). Disturbances 
herein may affect sperm transport and thus fertilization. After ovulation, 
contractions in the luteal phase are relatively quiescent in order to facilitate 
embryo implantation, with the lowest contraction frequency (CF) of all phases 
seen. During this phase, opposing contractions occur, directed toward the mid-
corpus of the uterus from both the cervical and fundal regions. Similarly, 
disturbances in this phase of uterine contractility may affect the ability of an 
embryo to implant successfully. Recent work by our group has been able to 
measure this uterine peristaltic behaviour in an objective manner using a 
dedicated speckle tracking method on 2D-transvaginal ultrasound (263,264). 
 
Adenomyosis is characterized by disruption of the uterine junctional zone (JZ). 
It is generally  associated with abnormal uterine bleeding (AUB), 
dysmenorrhea, subfertility and chronic pain. As contractile function of the non-
pregnant uterus is thought be concentrated in the JZ, this hypothetically leads 
to a disturbance of the uterine peristalsis (UP) in the context of adenomyosis 
(8,76,77). Aberrant uterine contractility has also been posited as an etiological 
mechanism for the development of adenomyosis and endometriosis 
(76,77,148), but evidence on this front is lacking (265).  
 
Few studies have assessed differences in UP between non-pregnant women with 
adenomyosis and healthy women. The studies that do exist have been done 
using (subjective) methods which are not able to characterize all aspects of 
uterine motion in a quantitative manner (266). More knowledge on the 
physiological differences between these groups could contribute to a better 
understanding of adenomyosis, more accurate diagnosis, and potentially more 
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tailored treatment. In this multi-centre prospective study, we aimed to investigate 
the differences in uterine contractility in women with adenomyosis versus 
women with normal uteri throughout the menstrual cycle. 
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Materials and Methods: 
Study objectives: 
Evaluate uterine contraction features (frequency, amplitude, velocity, direction, 
and coordination) using a dedicated speckle-tracking algorithm by 2D 
transvaginal ultrasound measurement in women with adenomyosis versus 
women with normal uteri throughout the menstrual cycle.  
 
Study design & setting: 
This multi-centre observational prospective cohort study was carried out in the 
outpatient gynaecology departments of the Catharina Hospital in Eindhoven, 
the Netherlands, the University of Naples, Federico II Naples, Italy, and the 
Embryolab Fertility centre in Thessaloniki, Greece.  
 
Participants: 
Between September 2014 and January 2023, 179 women were included from 
of the participating centres. Women were included if they were ≥18 years of 
age, pre-menopausal and had a natural menstrual cycle (NMC). No power 
calculation was done due to lack of relevant published data on this topic. 
 
Exclusion criteria were:  1) pregnancy, 2) unable to give informed consent, 3) 
significant language barrier, or 4) other benign uterine pathology (congenital 
or otherwise, e.g., leiomyomas, caesarean section scar, or other uterine surgery 
affecting the myometrial integrity) and 5) use of hormonal contraceptive 
methods or intra-uterine devices. Ultrasounds of included women were assessed 
retrospectively by two experts independently to confirm the presence or 
absence of uterine abnormalities. After enrolment, all TVUS recordings also 
were subjected to a quality check. Recordings could be considered of low 
quality due to several factors, including insufficient resolution, out-of-plane 
motion, intestinal shadowing, and suboptimal orientation of the uterus limiting 
the view of the endo-myometrium. In case of low quality, the recording was 
excluded from the study. Figure 2 presents a flow chart of patient inclusion. 
 
Healthy women: 
The control group consisted of healthy women with sonographically normal 
uteri. A normal cycle was defined as: regular (duration 28 (± 2) days), no 
dysmenorrhea (reported VAS <4 during menses), no menometrorrhagia.  
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Adenomyosis Patients 
For the adenomyosis group, women were included if they had sonographic 
markers for adenomyosis, based on (Morphological Uterine Sonographic 
Assessment (Morphological Uterine Sonographic Assessment, MUSA (183)) 
criteria. Women were also included if they had signs of adenomyosis on MRI 
(if available), according to MRI criteria as described in literature 
(29,181,199).  The added presence of endometriosis was not considered as 
an exclusion criteria. 
 
Data sources and measurements: 
TVUS measurement: 
Transvaginal ultrasounds (TVUS) were performed during several phases of the 
menstrual cycle: the menstrual phase (M, cycle day (CD) 1-5), mid-follicular 
(MF, CD 6-10), late follicular phase (LF, CD 11-14), early luteal phase (EL, 
CD 15-20) and late luteal phase (LL, CD 21-28). Four-minute video recordings 
of the uterus in the mid-sagittal section were made. The ultrasound machines 
were: an Accuvix WA80S with Elite (Samsung Medison, Seoul, Korea) 
equipped with a V5-9 transvaginal probe (bandwidth 5-9 MHz) or a GE 
Voluson (GE Healthcare, Zipf, Austria) equipped with a RIC5-9W-RS probe 
(bandwidth 3.8-9.3MHz). Differences in speckle characteristics were 
corrected between both ultrasound platforms. 
 
Feature Extraction: 
Various uterine contractility features were extracted from the ultrasound 
recordings using a dedicated speckle tracking algorithm previously developed 
and implemented in Matlab software (Mathworks, Natick, USA).  The full 
details of the methodology of feature extraction have been described in detail 
in previously published works (221,224,226–229). All contraction features 
were assessed separately for the anterior uterine wall (AW) and the posterior 
uterine wall (PW). 
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Figure 8.1: 2D Transvaginal ultrasound image of uterus in midsagittal section. 

The region denoted by the blue and red markers is the junctional zone (JZ) where the 
uterine contraction features are observed and measured. The yellow arrows visualize 
movements in the longitudinal direction, and the green arrows illustrate movements in 
the radial direction. AW: Anterior Wall; PW: Posterior Wall.  

 

Contraction Frequency: 
Frequency features were analysed in the longitudinal and radial direction (see 
figure 8.1). Frequency-related features are reported as contractions per 
minute (221). Further technical details about feature extraction and analysis 
can be found in Sammali et al. (2019) (267).   
 
Contraction Amplitude: 
Contraction amplitude features reflect the relative strength of uterine 
contraction(221). Results are reported for contractions in the longitudinal 
direction.  
 
Contraction Direction 
Uterine contractions propagate in either the fundus-to-cervix (F2C) or the 
cervix-to-fundus (C2F) direction.  The radial strain signal representation in the 
spatiotemporal frequency domain was analysed, where the spatial domain is 
intended along the longitudinal direction of the uterus (229). The ratio 
between the strain signal energy in the quadrants corresponding to the two 
propagation directions (C2F and F2C) provided a global measure of the 
dominant propagation direction in each wall (229). A more positive value 
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represented movement predominantly in the F2C direction, whereas a more 
negative value represented movement predominantly in the C2F direction. A 
value around zero represented movement without a predominant direction, 
that being opposing contractions.  
 
Contraction Velocity: 
Velocity, which is propagation speed of the peristaltic waves in a certain 
direction (C2F or F2C, in mm/sec), was calculated. This was again done by 
analysing the radial strain signal in the spatiotemporal frequency domain, 
along the longitudinal direction of the uterus (229). The analysis was 
performed over a window of 20 seconds sliding over the full recording time. 
Subsequently, the median velocities (MV) in C2F and F2C directions were 
calculated by averaging velocities over time in the corresponding directions. 
A high value reflected increased velocity in the reported direction.  
 
Contraction Coordination: 
We also assessed the coordination of uterine contractions. In order to quantify 
this, we assessed whether the anterior and posterior wall of the uterus were 
moving synchronously or asynchronously to each other. This resulted in a 
feature defining the uterine contraction coordination depending on the 
similarity in the dominant contraction direction between the anterior and 
posterior walls, denoted as: mean square error (MSE). Again, full details on 
the technical background of these units has been published elsewhere (229). 
A higher value reflected decreased contraction coordination.   
 
Study outcomes: 
The primary outcomes investigated were the following uterine contraction 
(UC) features:  

- Frequency, in contractions/minute 
- Amplitude (unitless) 
- Direction, (unitless, whereby >0.0 globally represents F2C movement, 

and <0.0 represents C2F movement) 
- Median Velocity (mm/sec) 
- Coordination, in Mean squared error (MSE) 
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The UC features were compared between the adenomyosis and control group, 
according to the phase of the menstrual cycle. The UC features were then 
analysed in women with adenomyosis during the menstrual phase according to 
reported visual analogue scale (VAS) score. 
 
Demographic and clinical characteristics were also gathered for participating 
women, such as age, BMI, parity, cycle duration, medical history, uterine 
morphology on TVUS and history of subfertility.  
 
Statistical methods: 
Statistical analysis was performed using IBM SPSS statistics version 28. Counts 
and frequencies were compared between groups for patient and 
demographic characteristics. Categorical variables were reported as 
frequencies and compared using the chi squared test. Continuous variables 
were reported as means (and standard deviation) if normally distributed, and 
medians (with interquartile range) if abnormally distributed. Comparison of 
the outcome measures (frequency, amplitude, direction, coordination and 
velocity) between patient groups per cycle phase was done using the Mann-
Whitney U test if abnormally distributed, and independent T-test if normally 
distributed. The association between the UC features and dysmenorrhea (VAS 
score) in the adenomyosis group during M phase was measured using the 
Pearson correlation coefficient. Statistical significance was defined as a p-
value < 0.05. This study is reported according to STROBE guidelines (189), 
see appendix 8A for the accompanying STROBE checklist. 

Ethical approval: 

This study received ethical approval from the local and regional ethical 
committees of participating centres, with study number NL52466.100.15. All 
participants gave informed consent prior to study participation. The WAVES 
study is registered in the Netherlands Trial Registry under number NL5035.  
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Results 

Patient characteristics and recruitment 
Forty-six women with adenomyosis and 106 women with healthy uteri were 
enrolled in our study. A total of 53 TVUS recordings were made of women with 
adenomyosis across the different phases of the menstrual cycle. Fourteen 
recordings were excluded after the quality check, leaving 39 recordings of 
adenomyosis patients included in analysis. These consisted of fourteen 
recordings during the M phase, seven during the MF phase, ten during the LF 
phase, one during the EL phase, nine during the LL phase. A total of 125 
recordings were made of women with healthy uteri. Nineteen recordings were 
excluded during quality check, leaving 106 recordings of women with healthy 
uteri included in analysis. This resulted in eleven recordings during the M phase, 
eighteen during the MF phase, 48 during the LF phase, fourteen during the EL 
phase, fifteen during the LL phase. See Figure 8.2 for a detailed overview of 
patient and recording inclusion. 

 

Figure 8.2: Flowchart of patient enrolment and inclusion for the adenomyosis 
and control groups.  

 

 

Relevant patient characteristics are summarized in Table 8.1. Women with 
adenomyosis were older (p<0.001), had higher BMI (p=0.003), higher parity 
(p=0.006), and greater uterine lengths, heights, and widths (p<0.001, 
p<0.001, and 0.033, respectively) compared to healthy controls. Endometrial 
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thickness across phases of menstrual cycle did not differ significantly between 
women with adenomyosis and healthy controls (p>0.05).  
 
Table 8.1: Patient Characteristics of Included Adenomyosis Patients and 
Healthy Controls 

Clinical Parameters Adenomyosis (n=39) Control (n=106) P-value* 
Age (in years) 38.23 (7.46) 29.4 (6.74) <0.0011 

BMI (kg/m2) 26.2 (4.89) 23.0 (4.75) 0.0031 
Parity Median (n) 2 0 0.0013 

Multiparous (%) 28 (73.3) 43(40.7) 0.0062 

Types of adenomyosis†  
(n (%)) 
 

Diffuse (%) 20 (51.3) - - 
Focal AW (%) 5 (12.8) 
Focal PW (%) 5 (12.8) 
Focal combination 
(%) 

5 (12.8) 

Adenomyoma (%) 4 (10.3) 
Combination (%) 0 (0.0) 

Method of adenomyosis 
diagnosis 

TVUS (%) 39 (100) - - 

MRI (%) 17 (43.6) 

Phase of menstrual cycle  
(n (%)) 

M 14 (35.9) 11 (10.4) <0.0052 

MF 7 (17.9) 18 (17.0) 
LF 10 (25.6) 48 (45.3) 
EL 1 (2.6) 14 (13.2) 
LL 7 (17.9) 15 (14.2) 

Uterine measurements 
(mm) 

Uterine length 81.1 (14.1) 59.1 (21.5) <0.0011 

Uterine height 49.1 (9.90) 31.7 (10.3) <0.0011 

Uterine width 
(Median, IQR) 

55.0 (13.4) 40.9 (19.9) 0.0333 

Endometrial thickness per 
cycle phase (mm) 

M 4.68 (2.68) 3.50 (0.71) 0.8451 

MF 5.23 (2.54) 6.50 (0.71) 0.5641 

LF 6.65 (3.56) 5.67 (2.08) 0.7351 

EL 10.0 (0.00) 8.67 (0.58) 0.1571 

LL 10.35 (3.43) 7.33 (0.58) 0.2741 

Data are presented as n (%) or mean (SD) unless otherwise stated. 
*p-value was considered significant at <0.05. † according to MUSA criteria 
for TVUS or on MRI imaging. 
1T-test for independent samples 2Chi-squared analysis  3Mann-Whitney U test  
AW: Anterior Wall; PW: Posterior wall; TVUS: Transvaginal Ultrasound; MRI: 
Magnetic resonance imaging; M: Menses; MF: Mid-follicular phase; LF: late 
follicular phase: EL: early luteal phase; LL: late luteal phase 
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Uterine contraction features 
An overview of UC features across the different phases of the menstrual cycle 
in adenomyosis patients and healthy controls are presented in tables 8.2-8.6. 
A summary of significant differences of contraction features versus healthy uteri 
is shown in Figure 8.3. Table 8.3 shows UC features of adenomyosis patients 
according to VAS score of dysmenorrhea during the M phase.  
 

 

Figure 8.3: Summary figure of statistically significant (P<0.05) differences of 
uterine contractility features in healthy versus adenomyotic uteri per 
menstrual cycle phase.  

 

Menses phase 
Table 8.2 shows UC features of adenomyosis patients compared to controls 
during the menstrual (M) phase . There we no significant differences between 
the adenomyosis patients and the healthy controls.  
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Table 8.2. UC features in adenomyosis patients and healthy controls during 
the M phase of the menstrual cycle 

UC feature Direction of UC feature Adenomyosis 
patients (n=14) 

Healthy controls 
(n=11) 

P-
value* 

CF (contractions/minute) AW in radial direction 1.50 (0.17) 1.54 (0.17) 0.5811 

PW in radial direction 1.55 (0.24) 1.43 (0.11) 0.1451 

Amplitude (SD) AW in radial direction 0.046 (0.012) 0.039 (0.015) 0.2081 

PW in radial direction 0.040 (0.010) 0.037 (0.011) 0.2482 

Velocity (mm/s) F2C propagation, AW 0.65 (0.22) 0.70 (0.12) 0.4771 

C2F propagation, AW 0.71 (0.17) 0.71 (0.14) 0.9031 

F2C propagation, PW 0.68 (0.25) 0.68 (0.11) 0.8431 

C2F propagation, PW 0.72 (0.26) 0.68 (0.15) 0.7432 

Coordination (MSE) 0.23 (0.14) 0.19 (0.08) 0.9132 

All data are presented as mean (SD). *p-value was considered significant at 
<0.05. UC: uterine contractions; CF: contraction frequency; AW: anterior 
wall; PW: posterior wall; F2C; fundus-to-cervix; C2F: cervix-to-fundus 
1T-test for independent samples 2 Mann-Whitney test
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UC features of adenomyosis patients during M phase of the menstrual cycle 
were also analysed according to severity of dysmenorrhoea reflected by VAS 
scores (see Table 8.3). Increased dysmenorrhea severity was associated with 
lower CF in the PW (p=0.012), higher amplitude in the AW (p=0.027), and 
lower velocity in the C2F propagation direction of the PW (p=0.028). No 
significant results were found for contraction coordination. 
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Table 8.3. UC in adenomyosis patients according to VAS score of 
dysmenorrhoea during Menses 

UC feature Direction of UC 
feature 

Reported VAS Score (n) P-
value* 

2 (n=1) 5 (n=1) 6 (n=2) 8 (n=5) 9 
(n=1) 

10 
(n=1) 

 

CF 
(contraction
s/minute) 

AW in radial 
direction 

1.25 1.28 1.10 (0.25) 1.24 (0.18) 1.07 1.04 0.401 

PW in radial 
direction 

1.83 1.30 1.41 (0.15) 1.20 (0.24) 1.07 1.07 0.012 

Amplitude 
(SD) 

AW in radial 
direction 

0.040 0.032 0.039 (0.015) 0.056 (0.01) 0.050 0.061 0.027 

PW in radial 
direction 

0.040 0.044 0.034 (0.009) 0.040 (0.01) 0.040 0.065 0.305 

Velocity 
(mm/s) 

F2C propagation, 
AW 

0.90 0.61 0.90 (0.40) 0.64 (0.11) 0.63 0.49 0.109 

C2F propagation, 
AW 

0.76 1.05 0.82 (0.06) 0.70 (0.14) 0.72 0.55 0.112 

F2C propagation, 
PW 

0.90 0.50 0.78 (0.22) 0.78 (0.24) 0.79 0.40 0.493 

C2F propagation, 
PW 

1.25 0.75 0.69 (0.01) 0.79 (0.20) 0.68 0.38 0.028 

Coordination (MSE) 0.28 0.07 0.17 (0.08) 0.20 (0.06) 0.13 0.49 0.469 

All data are presented as mean (SD). *p-value was considered significant at 
<0.05. The association between the UC features and dysmenorrhea (VAS 
score) in the adenomyosis group during M phase was measured using the 
Pearson correlation coefficient. VAS: visual analogue scale; UC: uterine 
contractions; CF: contraction frequency; AW: anterior wall; PW: posterior 
wall; F2C; fundus-to-cervix; C2F: cervix-to-fundus 
 
Mid-follicular phase 
UC features of adenomyosis patients were compared to those of healthy 
controls during the MF phase of the menstrual cycle (see Table 8.4). The CF 
was statistically significantly lower in the adenomyosis group compared to the 
healthy controls in the PW (1.48±0.21 vs. 1.69±0.16, p=0.013). Contraction 
coordination was statistically significantly worse in the adenomyosis group 
compared to the healthy controls (0.30±0.09 vs. 0.20±0.08, p=0.019). No 
other UC features differed statistically significantly. 
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Table 8.4. UC features in adenomyosis patients and healthy controls during the 
MF phase of the menstrual cycle 

UC feature Direction of UC feature Adenomyosis 
patients (n=7) 

Healthy controls 
(n=18) 

P-value* 

CF (contractions/minute) AW in radial direction 1.54 (0.19) 1.62 (0.16) 0.2971 

PW in radial direction 1.48 (0.21) 1.69 (0.16) 0.0131 

Amplitude (SD) AW in radial direction 0.061 (0.050) 0.038 (0.011) 0.2042 

PW in radial direction 0.050 (0.034) 0.037 (0.011) 0.4312 

Velocity (mm/s) F2C propagation, AW 0.61 (0.16) 0.77 (0.22) 0.0692 

C2F propagation, AW 0.75 (0.28) 0.85 (0.23) 0.1642 

F2C propagation, PW 0.63 (0.12) 0.77 (0.29) 0.1832 

C2F propagation, PW 0.66 (0.16) 0.84 (0.29) 0.0902 

Coordination (MSE) 0.20 (0.08) 0.30 (0.09) 0.0191 

All data are presented as mean (SD). *p-value was considered significant at 
<0.05. UC: uterine contractions; CF: contraction frequency; AW: anterior 
wall; PW: posterior wall; F2C; fundus-to-cervix; C2F: cervix-to-fundus 
1T-test for independent samples 2Mann-Whitney test
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Late follicular phase 
UC features of adenomyosis patients versus healthy controls during the LF phase 
are presented in Table 8.5. The adenomyosis group shows statistically 
significantly lower CF in the AW (1.49±0.22 vs. 1.68±0.25, p=0.021), higher 
amplitude in both AW and PW (0.087±0.042 vs. 0.050±0.018, p=0.001 and 
0.076±0.039 vs. 0.046±0.018, p=0.001), lower velocity in both F2C and C2F 
directions of the AW  (0.65±0.18 vs 0.88±0.29, p=014 and 0.64±0.18 vs. 
0.84±0.22, p=0.020, respectively) and F2C direction of the PW (0.64±0.20 
vs. 0.82±0.21, p=0.014), and reduced contraction coordination (0.34±0.08 
vs. 0.26±0.17, p=0.015) compared to healthy controls. 
 
Table 8.5. UC features in adenomyosis patients and healthy controls during the 
LF phase of the menstrual cycle 

UC feature Direction of UC feature Adenomyosis 
patients (n=10) 

Healthy controls 
(n=48) 

P-value* 

CF 
(contractions/minute) 

AW in radial direction 1.49 (0.22) 1.68 (0.25) 0.0212 

PW in radial direction 1.60 (0.29) 1.72 (0.27) 0.2221 

Amplitude (SD) AW in radial direction 0.087 (0.042) 0.050 (0.018) 0.0012 

PW in radial direction 0.076 (0.039) 0.046 (0.018) 0.0012 

Velocity (mm/s) F2C propagation, AW 0.65 (0.18) 0.88 (0.29) 0.0142 

C2F propagation, AW 0.64 (0.18) 0.84 (0.22) 0.0202 

F2C propagation, PW 0.64 (0.20) 0.82 (0.21) 0.0142 

C2F propagation, PW 0.77 (0.30) 0.90 (0.20) 0.1282 

Coordination (MSE) 0.34 (0.08) 0.26 (0.17) 0.0152 

All data are presented as mean (SD). *p-value was considered significant at 
<0.05. UC: uterine contractions; CF: contraction frequency; AW: anterior 
wall; PW: posterior wall; F2C; fundus-to-cervix; C2F: cervix-to-fundus 
1T-test for independent samples 2 Mann-Whitney test
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Early luteal phase 
The analysis for this menstrual phase was not carried out due to only one 
adenomyosis patient being included.  
 

Late luteal phase 
Comparisons of UC features of adenomyosis patients and healthy controls 
during the LL phase are presented in Table 8.7. The adenomyosis patients 
showed statistically significantly higher amplitude in the PW (0.050±0.022 vs. 
0.035±0.013, p=0.038), lower velocity in the C2F direction of the AW 
(0.51±0.11 vs. 0.65±0.13, p=0.027), and reduced contraction coordination 
(0.27±0.06 vs. 0.18±0.07, p=0.011) compared to healthy controls. No other 
statistically significant different results were found. 
 
Table 8.6. UC features in adenomyosis patients and healthy controls during the 
LL phase of the menstrual cycle 

UC feature Direction of UC feature Adenomyosis 
patients (n=7) 

Healthy controls 
(n=15) 

P-value* 

CF 
(contractions/minute) 

AW in radial direction 1.32 (0.14) 1.41 (0.14) 0.1482 

PW in radial direction 1.33 (0.20) 1.47 (0.15) 0.0931 

Amplitude (SD) AW in radial direction 0.059 (0.024) 0.038 (0.012) 0.1482 

PW in radial direction 0.050 (0.022) 0.035 (0.013) 0.0382 

Velocity (mm/s) F2C propagation, AW 0.55 (0.16) 0.62 (0.07) 0.1841 

C2F propagation, AW 0.51 (0.11) 0.65 (0.13) 0.0271 

F2C propagation, PW 0.56 (0.13) 0.67 (0.15) 0.1302 

C2F propagation, PW 0.54 (0.12) 0.68 (0.15) 0.0551 

Coordination (MSE) 0.27 (0.06) 0.18 (0.07) 0.0112 

All data are presented as mean (SD). *p-value was considered significant at 
<0.05. UC: uterine contractions; CF: contraction frequency; AW: anterior wall; 
PW: posterior wall; F2C; fundus-to-cervix; C2F: cervix-to-fundus 
1T-test for independent samples 2Mann-Whitney test  
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Discussion: 
This multi-centre prospective study investigated the difference in uterine 
contractile features between women with adenomyotic versus normal uteri. 
Generally, adenomyosis patients had a lower CF and velocity, increased 
amplitude, and reduced contraction coordination compared to controls in most 
phases of the menstrual cycle, most significantly in the late follicular and late 
luteal phases.  
 
Our findings confirm the hypotheses proffered in previous literature, that 
uterine (contractile) function is dysfunctional in women with adenomyosis. 
Several theories have been postulated in the literature to explain the 
dysfunction. An overexpression of oxytocin receptors in the myometrium of 
adenomyosis patients which can lead to hyperperistalsis and dysperistalsis has 
for instance been reported (259,268–270), reflecting increased contractile 
amplitude and more severe dysmenorrhea in adenomyosis patients. Studies 
have also reported that uterine oestrogen levels are raised in adenomyosis 
compared to healthy women (271,272). Oestrogen is known to stimulate 
uterine peristalsis and proliferation of the endometrium, and it is hence 
hypothesized that the hyper-estrogenic state may lead to (chronic) hyper-and 
dys-peristalsis (8). Dysperistalsis is associated with damage to the JZ, which is 
visible on TVUS and MRI imaging in adenomyosis. Our study supports these 
findings as amplitude was found to be increased in adenomyosis patients 
compared to healthy women throughout the menstrual cycle, potentially due to 
fibrotic changes in the JZ in adenomyosis.  
 
Furthermore, our results similarly suggest that more severe dysmenorrhea is 
associated with more aberrant UC. However, the uterine hyperperistalsis that 
is described in adenomyosis patients in previous literature (76,77) was not 
reflected in our results, that is, if hyperperistalsis is to be interpreted as 
increased contraction frequency. Our findings instead show trends towards 
decreased CF in adenomyosis patients compared to healthy women, but with 
higher amplitude. We therefore cannot totally confirm the presence of 
hyperperistalsis in adenomyosis patients but do confirm fewer organized 
contractions (or less coordination of contractions) of higher amplitude, better 
encompassed by the word dysperistalsis. This finding is reflected in our results 
by way of universally decreased contraction coordination in adenomyosis 
patients compared to controls throughout the menstrual cycle.  
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Our results show the most statistically significant differences in UC between 
normal versus adenomyotic uteri during the LF and LL phases of the menstrual 
cycle. This might suggest an explanation for the link between subfertility and 
adenomyosis. With sperm transport and embryo implantation taking place 
during these menstrual phases, and being affected by aberrant UC in 
adenomyosis patients, subfertility seen in these patients could thereby be 
explained. The question of whether this dysperistalsis is a cause or effect of 
adenomyosis cannot be answered using our results and warrants further 
research.  
 
Additionally, we attempted to investigate the increased prevalence of 
dysmenorrhea in adenomyosis patients. Despite our results not showing 
statistically significantly different UC behaviour during menses versus controls, 
we did find differences when assessing UC according to reported VAS score 
during menstruation. We report that increased dysmenorrhea severity was 
associated with relatively lower contraction frequency, higher amplitude and 
lower velocity compared to adenomyosis patients with less severe 
dysmenorrhea. Increased contractile amplitude and decreased velocity 
logically result in heavier and longer menstrual cramps, which is supported by 
our findings that more severe dysmenorrhea is reflected in more aberrant UC 
during menstruation. We hereby pave the way for the development of an 
objective tool to assess dysmenorrhea in adenomyosis patients.  
 
The study has several strengths. Firstly, this is the first study to assess UC in 
adenomyosis patients compared to controls throughout the phases of 
menstrual cycle and therefore provides new insights into the condition for 
future clinical and research opportunities. Furthermore, as the method uses a 
TVUS, it is patient-friendly and easily accessible for future use in clinical 
practice. Moreover, the speckle tracking method of assessing uterine 
contractility is objective, reproducible and reliable (22,31). The study is a 
multi-centre study in an international setting, which allows for higher 
generalizability of the results. We also assessed uterine contraction features 
strictly according to menstrual cycle phase, which previous studies have not 
done in detail.  
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Nevertheless, the study also has a several limitations. The clearest limitation is 
the relatively small sample size of the study population (although it is 
generally larger than previous studies into uterine peristalsis (266)). 
Additionally, within-subject comparison was not possible in our groups as most 
women did not undergo TVUS in every phase of the menstrual cycle.  
Likewise, no sub-analysis was done to assess how different subtypes, locations 
and/or severity of adenomyosis may affect UC, as well as the added presence 
of endometriosis. These factors may all affect UC, as already shown by the 
significant differences in UC depending on degree of dysmenorrhea in this 
study.  A barrier to carrying out this sub-analysis is the lack of uniform 
consensus on adenomyosis subtypes and how to define mild versus severe 
adenomyosis.  
 
Another limitation is that the adenomyosis group was significantly older, had 
higher BMIs, greater uterus sizes, and higher parity than controls. As we do 
not yet know how age, uterus size, and BMI affect UC, their possible 
confounding effect cannot be discarded. It should be noted that adenomyosis 
itself leads to a higher uterine volume however.  In addition, there was a 
relatively high number of recordings (n=33) that had to be excluded during 
the quality check. Within the adenomyosis group some recordings were 
excluded due to the severity of the adenomyosis which affected the imaging 
quality of the uterus. The ultimately analysed study group therefore consists of 
a higher number of relatively mild adenomyosis cases. Our results could 
therefore be an underestimation of the differences in UC between 
adenomyosis patients and healthy controls. Lastly, the TVUS speckle tracking 
method is not yet applicable for use in daily practice. Currently, contraction 
features are extracted through offline data processing, which does not allow 
them to be viewed in real time. 
 
Our findings give new insights into the aetiology and clinical presentation of 
adenomyosis and may provide us with new diagnostic and therapeutic 
markers. In clinical practice, UC features can be used to objectively identify 
the initial extent of adenomyosis severity (and potentially its symptoms) and 
perhaps help to interpret the effect of treatment over time. Uterine contraction 
coordination especially provides a new avenue for future research to improve 
fertility in adenomyosis patients. Lastly, speckle tracking could also be used to 
identify aberrant UC features in other benign uterine disorders, such as 
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leiomyomas and congenital anomalies. Future research should also investigate 
how UC is affected in different types of adenomyosis and under different types 
of treatment.   
 
Conclusions: 
Our results confirm differences in uterine movement in adenomyotic versus 
healthy uteri. This could add to the etiological understanding of clinical 
symptoms of adenomyosis (i.e. dysmenorrhea and infertility). The notable 
difference between groups regarding frequency, velocity, amplitude and 
especially coordination, identifies these features as potential diagnostic or 
therapeutic targets. Further research into uterine contractility in women with 
(other) benign uterine disorders, and the effect of treatment on contractility, 
will hopefully lead to a better understanding of the clinical implications of 
abnormal uterine contractility. 
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Abstract  
Study objectives: To assess the effect of adenomyosis, endometriosis and 
combined adenomyosis and endometriosis, diagnosed on MRI, on IVF/ICSI 
outcomes versus male subfertility controls. 
Study Design: This single-centre matched retrospective cohort study was 
carried out at Catharina Hospital in Eindhoven, The Netherlands. The study 
group consisted of infertile women undergoing their first, fresh embryo transfer 
during IVF/ICSI, with adenomyosis only (N=36), endometriosis only (N=61), 
and combined adenomyosis and endometriosis (N=93) based on MRI. The 
control group consisted of IVF/ICSI patients undergoing treatment due to male 
subfertility (N=889). 1:2 case-control matching based on age during IVF/ICSI, 
parity and number of embryos transferred was performed. Odds ratios were 
calculated for biochemical pregnancy, ongoing pregnancy and live birth rate 
versus matched male subfertility controls, and were corrected for embryo 
quality. 
Results: Only the combined adenomyosis and endometriosis group showed a 
significantly reduced OR for biochemical pregnancy (p=0.004, OR 0.453 
(95% CI 0.284 – 0.791)), ongoing pregnancy (p=0.001, OR 0.302 (95% CI: 
(0.167 – 0.608)) and live birth (p=0.001, OR 0.309 (95% CI: (0.168 – 
0.644)) compared to matched male subfertility controls.  
Conclusions: The lower (ongoing) pregnancy and live birth rates in the 
combined adenomyosis and endometriosis women can be attributed to more 
severe disease in these women, ultimately resulting in increased chances for 
failed implantation and miscarriage. This highlights the importance of 
screening for adenomyosis in endometriosis patients, and identifies these 
women target for additional (hormonal) treatment prior to IVF/ICSI. 
 
Keywords: Adenomyosis, Endometriosis, Infertility, Magnetic Resonance 
Imaging, Assisted Reproductive Technologies 
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Introduction 
Adenomyosis is a common benign uterine disorder characterised by invasion 
of the endometrium into the myometrium and is thought to arise from the 
junctional zone (JZ). Adenomyosis is often found in conjunction with 
endometriosis and may share aetiological mechanisms, such as metaplasia of 
mullerian remnants (10) .  
 
Historically, adenomyosis was thought of as a disease affecting multiparous 
women, however with the advent of improved imaging techniques, it is also 
increasingly being linked to reproductive failure and infertility alongside 
endometriosis (80,98). Adenomyosis may have a higher prevalence in sub-
fertile populations than expected, with a reported prevalence as high as 32% 
in infertile women (79,94,274). 
 
Several theories exist to explain why women with adenomyosis may have 
reduced fertility. First, through disruption of the JZ, adenomyosis affects 
uterine contractions and thereby spermatozoa transport and embryo 
implantation due to the alterations in the JZ (77,275). The junctional zone is 
believed to be vital for uterine contraction initiation and modulation in the 
menstrual cycle (46,47). Alterations in the function and receptivity of the 
endometrium have also been reported in adenomyosis patients (84,160,276). 
Abnormal inflammatory responses have additionally been described, leading 
to embryo toxicity (277). Finally, anatomical changes of the uterine cavity are 
also thought to have an influence on embryo implantation (84).  
 
Many women with adenomyosis also have (other forms of) endometriosis, 
which makes it difficult to assess whether the influence on infertility is due 
primarily to adenomyosis, endometriosis or a combination of both (278). It 
can be hypothesised, that when the two conditions occur together, the whole 
reproductive process is affected, with endometriosis affecting oocytes and 
fertilisation, and adenomyosis embryo implantation and the ongoing 
pregnancy (81). Few studies exist which have simultaneously investigated the 
separate and combined effect of endometriosis and adenomyosis on fertility 
outcomes. Moreover, despite magnetic resonance imaging (MRI) reported to 
be the most accurate and reproducible non-invasive diagnostic method for 
adenomyosis and endometriosis with a sensitivity of up to 88% and specificity 
of up to  91% (29,34), few studies have included patients diagnosed by this 
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method, favouring self-reported diagnosis or diagnosis by transvaginal 
ultrasound (TVUS, (81)). 
 
We suggest that there is therefore a need to investigate how fertility outcomes 
are affected by the presence of only endometriosis, only adenomyosis or both, 
as visualized on MRI. As such, we carried out a retrospective cohort study 
comparing IVF/ICSI outcomes in women with MRI-diagnosed adenomyosis 
and/or endometriosis, compared to matched male infertility controls.  
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MATERIALS AND METHODS 

Study design and setting 
This single-centre retrospective cohort study was set at the Catharina Hospital 
in Eindhoven, The Netherlands, a regional referral centre between the years 
of 2008 and 2020.  
 

Participants 
Patients were women aged 18 to 42 years undergoing their first, fresh embryo 
transfer during IVF/ICSI. After meeting the local IVF/ICSI treatment eligibility 
requirements (see Appendix 10B), women in our centre received the same 
standard treatment. Pituitary downregulation was initiated with a recombinant 
GnRH agonist (Decapeptyl, Ferring Pharmaceuticals, Hoofddorp, the 
Netherlands), followed by ovarian stimulation using either recombinant follicle 
stimulating hormone (Gonal-F, Merck KGaA, Darmstadt, Germany) or human 
menopausal gonadotrophin (Menopur, Ferring Pharmaceuticals, Hoofddorp, 
the Netherlands; Fostimon, Goodlife Pharma, Lelystad, the Netherlands) at a 
standard starting dose of 150 IE/mL. Oocytes were fertilised on the same day 
as oocyte retrieval, either by IVF or ICSI (see Appendix 10B). Embryo transfer 
(single or double) took place three days after oocyte retrieval, after 
administration of human chorionic gonadotrophin (HCG, Pregnyl, 
Merck KGaA, Darmstadt, Germany) boost.  Selection of the best quality 
(cleavage-stage) embryos was carried out according to local and alpha 
scoring criteria (see Appendix 10C). Luteal support was initiated with 
intravaginal progesterone (Utrogestan, Besins Healthcare, Utrecht, the 
Netherlands). See Appendix 10A for full details of local IVF/ICSI treatment 
protocol. 
 
Study group 
The study group included IVF/ICSI patients diagnosed with adenomyosis, 
endometriosis or both in the period of 2008 to 2020 on MRI. MRI consisted of 
T2-weighted images in axial, coronal and sagittal planes as well as axial T1-
weighted images. Slight variations in protocol existed, however without 
significant implications for diagnostic quality. MRI criteria for the presence of 
adenomyosis were: focal or diffuse JZ thickening >12 mm, JZ/myometrium 
ratio >40%, and/or presence of high signal intensity myometrial foci on T1/T2 
corresponding to an adenomyotic cyst (>2mm in diameter). MRI criteria for 
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endometriosis were any of the following: presence of a solid (invasive) 
hypointense lesion (with or without high signal intensity foci on T1/T2) outside 
the uterine cavity corresponding to adhesive endometriosis plaques; 
hyperintense (multiple) ovarian cysts on T1, or one or more cysts with high T1 
signal intensity and shading on T2 corresponding to haemorrhagic 
endometriomas.  
All pelvic MRIs carried out in women of a fertile age during the study period 
were re-evaluated by a study investigator (CR) and three pelvic radiologists, 
and were assigned to either an adenomyosis only, endometriosis only or 
combined endometriosis and adenomyosis sub-group. Subsequently, patient 
records of women with MRI-confirmed adenomyosis and/or endometriosis 
were assessed to identify women who underwent IVF or ICSI procedures in 
our centre. In the case of multiple MRIs, the one performed closest to IVF/ICSI 
treatment was assessed. 
 
Women were excluded in case there was no MRI or IVF/ICSI data, if no 
embryo transfer took place,  or if they objected to the use of their medical 
data.   
 
Control group 
For the control group, women between 18 and 42 years old who underwent 
their first, fresh IVF/ICSI cycle with embryo transfer between 2008 and 2020 
due to confirmed male subfertility were included. Adenomyosis was assumed 
as not present if the patient had no reported uterine abnormalities and no 
reported history of symptoms associated with adenomyosis or endometriosis. 
Patients were excluded if no embryo transfer took place (e.g. freeze all, IVF 
cancellation), if there were signs of adenomyosis on TVUS or MRI (if 
available), or if they objected to use of their medical data.  
 

Matching  
Patients from the adenomyosis/endometriosis groups were automatically 
matched to the control group using SPSS Statistics to male subfertility controls. 
Matching was performed to account for various clinically significant 
confounders, namely: age during IVF, type of subfertility (i.e. primary or 
secondary) and number of embryos transferred (single or double embryo 
transfer). Since adenomyosis can be asymptomatic and often goes 
undiagnosed, total exclusion of adenomyosis from the control group could not 
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be guaranteed. Therefore, study group patients were matched to control 
group patients in a 1:2 ratio to reduce this influence on the outcome. A 
preference was given for exact matches.  
 

Outcomes  
The primary study outcomes were: biochemical pregnancy (positive serum 
HCG 16 days after embryo transfer (ET), ongoing pregnancy (a viable 
pregnancy 11 weeks after ET, with presence of foetal heartbeat on ultrasound) 
and live birth (delivery of a live foetus >24 weeks gestational age). Further 
patient characteristics collected included: age, BMI, indication for IVF/ICSI 
treatment, adenomyosis and/or endometriosis phenotypes, and IVF/ICSI 
treatment characteristics (type of subfertility (primary or secondary), infertility 
time (in months), treatment type (IVF or ICSI), fertilisation rate, embryo quality, 
number of transferred embryos). Full details and definitions of all outcomes 
can be found in Table A1 in Appendix A.  
 

Data sources 
Data regarding the IVF and ICSI cycles was taken from the Landelijk 
Specialistisch Fertiliteits Dossier (LSFD, Stichting Automatisering Fertiliteit 
(SAF), Utrecht, the Netherlands), the Dutch national electronic patient fertility 
database, and MRI data was taken from the local hospital patient records HiX 
(ChipSoft, Amsterdam, The Netherlands).  
 

Statistical analysis 
Data analysis was done using IBM SPSS Statistics Version 26. For normally 
distributed continuous variables, one-way ANOVA was used to evaluate 
differences between groups, the Kruskal-Wallis test was used in the case of 
abnormal distribution.  A post-hoc test with Bonferroni correction was used to 
evaluate which groups showed significant differences.  For categorical 
variables, differences between groups were evaluated using the Chi-square 
test using Bonferroni correction. Univariate and multivariate logistic regression 
(correcting for embryo quality) was carried out to calculate the odds ratio for 
primary outcomes for the study group(s) versus (matched) controls. A p-value 
<0.05 was considered statistically significant.  
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Ethical approval 
Ethical approval was granted by the local institutional review board and the 
regional medical ethical committee, with study number nWMO-
2020.005/W20.045. 
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RESULTS 
Between the years of 2008 and 2020, 10.033 cycles of IVF/ICSI were 
performed at our institution. 2174 were fresh cycles carried out due to male 
subfertility in 938 patients. Forty-nine patients were excluded (see appendix G 
for full details and reasoning), ultimately leaving 889 patients for the control 
group undergoing their first, fresh cycle of IVF/ICSI due to male subfertility. 
Simultaneously, 255 women undergoing their first, fresh cycle of IVF/ICSI 
received a pelvic MRI in our centre, 190 of which showed signs of 
adenomyosis and/or endometriosis, and thereby met inclusion criteria for the 
study group. Ultimately, this yielded 36 patients for the adenomyosis only 
group, 61 for the endometriosis only group and 93 for the combined group.  
See Figure 9.1. 

 
Figure 9.1 Flowchart of patient selection. Patients were recruited and assigned 
to either an adenomyosis only, endometriosis only, combined adenomyosis 
and endometriosis based on MRI. or male subfertility control 
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Patient characteristics before matching  
Patient characteristics are summarised in Table 9.1. The adenomyosis group 
was on average 2.83 years older than the endometriosis group (p=0.013), 
2.52 years older than the combined group (p=0.021) and 2.28 years older 
than the male subfertility controls (p=0.014) at the time of IVF treatment.  
 
Additionally, women with only endometriosis had more primary subfertility 
compared to women with adenomyosis (p<0.0005). The age at the time of the 
MRI diagnosis was also different between the study subgroups, with the 
adenomyosis group having the highest mean age at MRI diagnosis  (37.71 
years, p<0.0005). Other characteristics were comparable between groups. 
Adenomyosis and  endometriosis subtypes also did not differ significantly 
between groups (p>0.05).  The number of patients receiving (hormonal or 
surgical) adenomyosis/endometriosis treatment prior to IVF was also not 
significant (P>0.05).
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Table 9.1 Patient Characteristics before Matching 
  Adenomyosis 

(N=36) 
Endometriosis 
(N=61) 

Combined 
(N=93) 

Control 
(N=889
) 

P-value 

BMI in kg/m2 

(Median, IQR) 
 23.59 

IQR:7.76 
 

23.03  
IQR: 6.52 

23.94  
IQR: 6.21 

23.63 
IQR: 
5.61 

0.2842 

Infertility time 
in months* 
(Mean, SD) 

 37.00 
IQR:30 

27.50 
IQR: 28 

31.00 
IQR: 23 

28.00 
IQR: 22 

0.2362 

Age during IVF 
(Mean, SD) 

 33.75 (± 3.61) 30.92 (± 4.03) 31.23 (± 
4.11) 

31.47 
(± 4.47) 

0.0121 

Cycle length 
(Median, IQR) 

 29.00 
IQR:3 

28.00 
IQR: 3 

28.00 
IQR: 2 

28.00 
IQR: 2 

0.2602 

Age at MRI  37.71 (±4.32) 32.43 (± 4.94) 34.04 (± 
5.71) 

N/A <0.0005 

Type of 
subfertility* 

Primary 18 (50.0%) a 46 (76.7%) b 65 (69.1 %) 
a, b 

616 
(69.4%) 
a, b 

<0.00053 

Secondary 15 (41.7%) a 13 (21.7%) a 23 (24.5 %) 
a 

272 
(30.6%) 
a 

Unknown 3 (8.3%) 1 (1.7%) 6 (6.4%) 1 
Indication** Male 11 (30.6%) a 9 (15.0%) a 12 (12.8 %) 

a 

889 
(100%) 
b 

<0.00053 

Female 
- Ovulatory 

disorder 
- Tubal 

factor 

5 (13.9%) a 

1 (3.0%) 
 
1 (3.0%) 

10 (16.7%) a 

3 (5.0%) 
 
7 (11.7%) 

9 (9.6%) a 

6 (7.1%) 
 
7 (8.2%) 

b 

Combined Male 
and Female factor 

4 (11.1%) a 21 (35.0 %) b 24 (25.5%) 
a, b 

c 

Endometriosis 5 (15.2%) a 22 (36.7 %) b 36 (38.3%) 
b 

c 

Idiopathic 7 (21.2%) a 5 (8.3 %) b 12 (12.8%) 

b 

c 

Dysmenorrhoea Yes 8 (22.2%)a, b 37 (61.7%) c 48(51.1%) 
b, c 

165 
(18.6%) 

a 

<0.00053 

No 15 (41.7%)a, b 13 (21.7%)c 25 (26.6%) 

b, c 

584 
(65.7%) 
a 

Unknown 13 (36.1%) 10(16.7%)             21 
(22.3%) 

140 
(15.7%) 

Endometriosis 
Treatment prior 
to IVF/ICSI 

No treatment 15 (45.5%) 20 (33.3%) 29 (34.1%) 0 (0) 
 

 

 Oral contraceptive 
pill 

4 (12.1%) 12 (20.0%) 7 (8.2%) 0 (0) 
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 Hormonal Intra-
uterine device 

0 (0.0%) 3 (5.0%) 1 (1.2%) 0 (0) 
 

 

 GnRH Antagonist 3 (9.1%) 9 (15.0%) 12 (14.1%) 0 (0) 
 

 

 Endometriosis 
surgery 

9 (27.3%) 30 (50.0%) 38 (44.7%) 0 (0) 
 

0.0803 

Endometriosis 
Type*** 

Deep invasive 
Endometriosis 
 
Endometriomas 
 
Superficial Plaques 
 

0 (0) 
 
 
0 (0) 
 
0 (0) 

18 (30.0%) 
 
 
32 (52.4%) 
 
29 (47.5%) 

23 (24.7%) 
 
52 (55.9%) 
 
50 (53.7%) 

0 (0) 
 
 
0 (0) 
 
0 (0) 

0.6613 

 
 
0.3643 

 
0.2123 

 
 

Adenomyosis 
Type 

Focal 
 
Diffuse  
 
Cystic 
 
Combined Focal + 
Cystic 
 
Combined Diffuse + 
Cystic 
 
Unclear**** 

16 (44.4%) 
 
5 (13.9%) 
 
0 (0) 
 
5 (13.9%) 
 
 
5 (13.9%) 
 
 
 
5 (13.9%) 

0 (0) 
 
0 (0) 
 
0 (0) 
 
0(0) 
 
 
0 (0)  
 
 
 
0 (0) 

42 (45.1%) 
26 (27.9%) 
5 (5.5%) 
 
12 (12.9%) 
 
5 (5.5%) 
 
 
 
3 (3.2%) 

0 (0) 
 
0 (0) 
 
0 (0) 
 
0 (0) 
 
 
0 (0) 
 
 
 
0(0) 

0.1623 

For normally distributed variables, values are depicted as Mean, standard deviation 
(SD) and for abnormally distributed variables as Median, Interquartile range (IQR).  
1 = One-Way ANOVA, 2 = Kruskal-Wallis Test, 3 = Chi-square Test. Subscript letters 
denote significant differences between groups with different letters 
* Primary  subfertility are women/couples who are nulliparous, and secondary 
subfertility involves women/couples who are multiparous. 
**Percentages can add up to >100% as patients could have multiple IVF/ICSI 
treatment indications simultaneously 
***Total number of patients is greater than the group size as patients could have 
presence of different types of endometriosis simultaneously (i.e. endometriomas and 
superficial plaques) 
**** Unclear adenomyosis type was assigned in cases whereby the imaging quality 
was insufficient, or the uterus was too abnormal to be able to accurately assess 
adenomyosis subtype 
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IVF/ICSI characteristics between groups before matching 
Subsequently, IVF/ICSI characteristics were compared between groups (see 
Table 9.2). The control group had more patients undergoing ICSI (vs. IVF) 
compared to the study groups (p<0.05). Baseline endometrium thickness was 
higher in the adenomyosis only group compared to the other groups (5.0 vs. 
3.0, p=0.000). Maximum endometrium thickness was comparable however. A 
difference in number of viable oocytes was also seen; the control group had 
2.70 more viable oocytes than the combined group (p<0.005). The control 
group also had 1.23 more viable embryos than the combined group 
(p<0.005). The fertilisation rate was comparable between groups however 
(p=0.215). Embryo quality of the transferred embryos was not significantly 
different between groups (p=0.295 and p=0.459), nor was the number of 
embryos transferred (p=0.113). 
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Table 9.2 IVF/ICSI Treatment Characteristics between Groups 
  Adenomyosis 

(n=36) 
Endometriosis 
(n=61) 

Combined  
(n= 93) 

Control 
(n=889) 

P-value 

Type of treatment IVF 
 

27 (75%)a 46 (75.4%) a 70 (75.3%) a 177 (19.9%) 
b 

<0.00053 

ICSI 9 (25%)a 15 (24.6%) a 23 (24.7%) a 712 (80.1%) 
b 

Ovarian stimulation 
product 

Gonal-F 22 (61.1%) a, b 34 (56.7%) b, 

c 

39 (41.5%) c 710 (85.4%) 
a 

<0.0053 

Menopur 4 (11.1%) a, b 19 (31.7%)b 34 (36.2%)b 56 (6.7%)a 

Fostimon 0 a 2 (3.3%) a 5 (5.3%) a 42 (5.1%) a 

Other 0 1 (1.7%) 0 23 (2.8%) 
Baseline Endometrial 
Thickness (mm, 
Median, IQR) 

 5.0 (4.0) a. b.  3.0 (1.8) b 3.3 (1.0) 3.0 (2.0) a 0.0002 

Maximum Endometrial 
Thickness (mm, 
Median, IQR) 

 10.3 (±1.8) 10.2 (±2.2) 10.3 (±2.05) 10.7 (2.97) 0.7941 

Number of viable 
oocytes (Mean, SD) 

 8.69 (± 5.32) 9.44 (± 5.08) 7.42(± 4.35) 10.12 (± 
5.73) 

<0.00051 

Number of viable 
embryos (Mean, SD) 

 4.56 (±3.36) 5.61 (± 3.57) 4.30 (± 2.99) 5.53 (± 3.72) 0.0091 

Fertilisation rate 
(Median, IQR) 

 0.56 
IQR: 0.27 

0.64 
IQR: 0.32 

0.60 
IQR: 0.50 

0.56 
IQR: 0.33 

0.2152 

Embryos Transferred 
(N)  

1 21 (58.3%) 47 (77%) 64 (70.3%) 570(64.2%) 0.1133 

2 15 (41.7%) 14 (23%) 27 (29.7%) 318(35.8%) 

Embryo quality 1* Super 5 (14.7%) 14 (23.7%) 25 (27.8%) 298 (33.7%) 0.2953 

Good 6 (17.6%) 8 (13.6%) 12 (13.3%) 105 (11.9%) 

Fair 15 (44.1%) 27 (45.8%) 36 (40%) 314 (35.6%) 

Moderate 7 (20.6%) 10 (16.9%) 16 (17.8%) 133(15.1%) 
Poor 1 (2.9%) 0 1 (3%) 33 (3.7%) 

Embryo quality 2* Super 2 (15.4%) 2 (16.7%) 0 34 (10.8%) 0.4593 

Good 2 (15.4%) 3 (25%) 5 (20%) 40 (12.7%) 
Fair 8 (61.5%) 4 (5.3%) 14 (56%) 134 (42.7%) 

Moderate 1 (7.7%) 3 (25%) 5 (20%) 83 (26.4%) 
Poor 0 0 1 (4%) 23 (7.3%) 

1 = One-Way ANOVA, 2 = Kruskal-Wallis Test, 3 = Chi-square Test. Subscript letters 
denote significant differences between groups with different letters. For normally 
distributed variables, values are depicted as Mean, standard deviation (SD) and for 
abnormally distributed variables as Median, Interquartile range (IQR). * In some 
patients, 2 embryos are transferred. In those cases, embryo quality 2 indicates the 
quality of the second embryo according to alpha criteria .  



 
 235 

Matching 
Matching of the study group(s) based on age during IVF/ICSI, number of 
embryos transferred and type of subfertility (primary or secondary) was 
performed separately for each study subgroup. This resulted in 33 
adenomyosis patients matched to 53 controls, with three unmatched patients 
in the adenomyosis group and one patient with only one match. For the 
endometriosis only group, 60 patients were matched to 118 controls, with 
one unmatched patient. In the combined group, 85 patients were matched to 
164 controls, with eight unmatched patients. In total, 178 
adenomyosis/endometriosis patients were matched to 354 male infertility 
controls. The resulting separate control groups had comparable 
characteristics, allowing for differences across the matching variables (see 
Appendix C). Matching based on embryo quality was not possible, due to the 
low number of exact matches (55 unmatched subjects).  
 

IVF/ICSI outcomes after matching  
IVF/ICSI outcomes after matching were compared between the different 
adenomyosis/endometriosis subgroups and the control group (see Table 9.3). 
Compared to their matched controls, the biochemical pregnancy rate was 
33.3% for the adenomyosis group, 28.8% for the endometriosis group and 
21.2% for the combined group. The ongoing pregnancy rate was 28.1% in 
the adenomyosis group, 25.4% in the endometriosis group and 12.9% in the 
combined group. Miscarriage rate (as the difference between biochemical 
and ongoing pregnancy, see Table 9.3) was not significantly different 
between groups. The live birth rate was 25% for both the adenomyosis and 
endometriosis group and was 11.9% in the combined group. Only the 
outcomes of the combined group differed significantly from their matched 
controls (p<0.01). 
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 Adenomyosis (N=33) Control (N=53) P-value 

Biochemical pregnancy 11 (33.3%) 19 (35.8%) 0.8121 
Ongoing pregnancy  9 (28.1%) 15 (28.3%) 0.9861 
Miscarriage rate* 2 (5.2%) 4 (7.5%) 1.0001 

Live birth 8 (25.0 %) 14 (26.9%) 1.000 1 
 Endometriosis (N=60) Control (N=118) P-value 
Biochemical pregnancy 17 (28.8%) 47 (39.8%) 0.267 1 

Ongoing pregnancy  15 (25.4%) 35 (29.7%) 0.690 1 

Miscarriage Rate 2 (3.4%) 12 (10.1%) 0.145 
Live birth 15 (25.0%) 29 (24.6%) 0.353 1 

 Combined (N=85) Control (N=164) P-value 
Biochemical pregnancy 18 (21.2%) 63 (37.8%) 0.010 1 

Ongoing pregnancy  11 (12.9%) 54 (33.1%) 0.000 1 

Miscarriage rate 7 (8.3%) 8 (4.7%) 0.2161 

Live birth 10 (11.9%) 48 (30.4%) 0.001 1 

Comparisons of IVF/ICSI outcome after matching for all study subgroups compared to 
their matched controls. 1 = Chi-square test.  
*The difference between biochemical and ongoing pregnancy 
 
Logistic regression after matching 
After matching, the ORs were calculated using multivariate logistic regression 
(see Appendix D) and corrected for embryo quality (for full patient and 
IVF/ICSI characteristics after matching per study group, see Appendix C). 
ORs were not corrected for endometriosis surgery before IVF/ICSI, 
dysmenorrhoea or type of treatment (IVF or ICSI) since this did not have a 
significant effect on the outcome in the regression analysis (p>0.05). The aOR 
for biochemical pregnancy after matching was 0.895 for the adenomyosis 
group (95% CI (0.538; 2.236), 0.677 for the endometriosis group (95% CI 
(0.340; 1.348)) and 0.453 for the combined group (95% CI (0.241; 0.850) 
(see figure 5)). For ongoing pregnancy, the aOR for the adenomyosis group 
was 0.991 (95% CI (0.347; 2.629), for the endometriosis only group it was 
0.945 (95% CI (0.455; 1.963)) and for the combined group 0.302 (95% CI 
(0.145; 0.628)). Similar results were found for live birth: the aOR was 0.905 
for the adenomyosis group (95% CI (0.330; 2.479)), 0.843 for the 
endometriosis group (95% CI (0.398; 1.787)) and 0.309 for the combined 
group (95% CI (0.144; 0.662)) respectively. 
 
 
 
 
 

Table 9.3 IVF/ICSI Outcome after Matching 
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DISCUSSION 
Overall, infertile women with combined endometriosis and adenomyosis on 
MRI undergoing their first IVF/ICSI fresh embryo transfer had significantly 
worse fertility outcomes than matched male subfertility controls. These women 
had a 55% decreased chance of biochemical pregnancy (OR 0.453), a 70% 
decreased chance of ongoing pregnancy (OR 0.302) and a 69% decreased 
chance of a live birth (OR 0.309). Women with only adenomyosis or 
endometriosis did not appear to have significantly reduced chance of 
achieving pregnancy compared to male subfertility controls. This effect 
persisted after matching for age, parity and number of transferred embryos, 
and correcting for embryo quality.  
 
Our results are largely in line with current literature. Sharma et al. looked at 
similar patient groups as this study, (albeit with a diagnosis based on TVUS). 
They reported a significantly reduced clinical pregnancy rate after IVF of 
34.55% for the adenomyosis group, 36.62% in the endometriosis group and 
22.72% for the combined group versus tubal factor controls. This is in 
accordance with our results, showing that a combined presence of 
adenomyosis and endometriosis results in the lowest clinical pregnancy rate in 
IVF/ICSI patients (86). Similarly, a study by Ballester et al. in colorectal 
endometriosis patients reported that an added presence of adenomyosis lead 
to significantly reduced cumulative clinical pregnancy rates (19% vs. 82.4%) 
(87). Not all studies have reported significant associations between the 
presence of adenomyosis in endometriosis patients and IVF/ICSI outcome 
however, with the topic still being contentious (93,274). It has been recently 
been suggested that the age-associated nature of adenomyosis forms an 
important confounder for worse fertility outcomes in this population (274). For 
this reason, we chose to match for maternal age during IVF, with our results 
still reaching statistical significance.  
 
Based on our results therefore, we do suggest that patients with combined 
adenomyosis and endometriosis have a more severe form of the disease thus 
more impaired fertility compared to women with only one of the two 
disorders. The current data also seems to show that this is the case regardless 
of the individual adenomyosis or endometriosis phenotype. It is noteworthy 
also that the combined group constitute the largest proportion of infertile 
women undergoing IVF/ICSI treatment in our study: it suggests that these 
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women having more severely impaired fertility and thereby seek treatment in 
the first place. It is possible this is due to an added uterine or implantation 
factor in these women, as matching and correcting embryo quality did not 
diminish this effect.  
 
In general clinical practice, when undergoing IVF/ICSI, arguably little 
attention is paid to whether a patient has adenomyosis, due to inconsistent 
diagnostic criteria and a lack of symptoms in many women. As a result, few 
clinical guidelines exist to tailor fertility treatments to women with 
adenomyosis (or endometriosis for that matter), and in many cases they 
simply follow the locally established IVF/ICSI protocols. The results presented 
here suggest that screening for adenomyosis in (infertile) endometriosis 
patients (on MRI) is clinically useful in an IVF/ICSI setting. Furthermore, due to 
the suspected severity of disease in the combined group, these patients 
represent a potential target group for additional hormonal therapy or surgery 
before undergoing IVF/ICSI, resulting in disease attenuation/regression (279) 
.  
Investigating this patient group separately, as done in this study, thus 
constitutes one of its strengths: it was possible to investigate the independent 
influence of adenomyosis and endometriosis on fertility. A further strength of 
this study is that only women with adenomyosis based on MRI were included, 
a more reliable method of diagnosing adenomyosis, as opposed to TVUS 
(29). Moreover, the extensive re-evaluation of the MRIs by three experienced 
pelvic radiologists in the context of this study also reduces the risk of bias that 
inevitably accompanies a retrospectively designed study. To the best of our 
knowledge, this is the first study which investigates fertility outcomes of 
adenomyosis and endometriosis separately and combined, based on MRI 
diagnosis.  
 
This study does however have several limitations. First, the control group as a 
rule were healthy women, with no indication for MRI. This means no definitive 
assessment of adenomyosis presence in these women could be carried out. 
Hence, it is possible that some of these women had undiagnosed 
adenomyosis. To account for this eventuality, we chose to match the control 
group 1:2 with the study group. Second, although our study group was larger 
than many previously executed studies investigating the relationship between 
adenomyosis and infertility, the sample size was still relatively small, which 
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reduces the power of the results. This was reflected in the broad reported 
confidence intervals. Third, while the endometriosis and adenomyosis 
diagnosis was based on the MRI closest to the IVF/ICSI start date, in many 
cases the adenomyosis diagnosis was made after IVF/ICSI (see Table 1). 
Therefore, it is not known whether the adenomyosis was already present (to a 
similar extent) at the time of IVF/ICSI. However, when conducting a sensitivity 
analysis for only patients receiving an MRI prior to IVF, our results did not 
significantly differ. We believe this reflects the theory that adenomyosis is a 
disease which develops gradually over a life-time rather than representing a 
de novo diagnosis (63). Finally, there are some women (n=5, see Table 1) in 
the adenomyosis group that underwent assumed complete surgery for 
endometriosis before undergoing IVF, as the pelvic MRI showed no signs of 
endometriosis. Therefore, these patients were assigned to the adenomyosis 
only group, whilst they did show a history of endometriosis. Finally, several 
IVF/ICSI treatment parameters are not reported in our study population as 
part of standard treatment procedures, and thus could not be assessed for 
their potential confounding effect (e.g. baseline follicle count, AMH levels, 
(peak) serum oestradiol).  
 
Overall, it can be said that adenomyosis negatively affect fertility outcomes, 
especially in conjunction with endometriosis. It is suspected that in IVF/ICSI 
patients with combined adenomyosis and endometriosis, the disease is more 
severe than in patients with only adenomyosis or endometriosis and thus has a 
greater impact on fertility. Accurate diagnosis of adenomyosis and 
endometriosis before undergoing IVF/ICSI is crucial. Therefore, making a 
pelvic MRI to diagnose or eliminate the presence of 
adenomyosis/endometriosis is recommended. More research is needed to 
further identify the relationship between adenomyosis and endometriosis and 
infertility. Especially large-scale studies with patient subdivision into 
adenomyosis only, endometriosis only and combined adenomyosis and 
endometriosis groups is valuable so as to tailor (pre) treatment per patient 
sub-type. 
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Abstract  
Study Objective: The aim of this study was to characterise the severity of 
adenomyosis on MRI in infertile women, and to assess if MRI characteristics of 
adenomyosis severity are associated with worse IVF/ICSI pregnancy outcomes 
versus male infertility controls.  
 
Materials & Methods: This single-centre retrospective study was carried out at 
Catharina Hospital in Eindhoven, The Netherlands. The MRIs of 124 infertile 
women undergoing their first, fresh embryo transfer during IVF/ICSI, diagnosed 
with adenomyosis only (N=31), or combined adenomyosis and endometriosis 
(N=93) were assessed. Measurements of MRI adenomyosis features were 
performed by two independent investigators. IVF/ICSI outcomes (biochemical 
pregnancy (BP), ongoing pregnancy (OP) and live birth (LB)) of adenomyosis 
patients were compared to those of 889 male infertility controls. 
 
Results: Patients with adenomyosis had significantly worse IVF/ICSI outcomes 
compared to male infertility controls. When assessing individual MRI 
parameters, adenomyosis patients with a mean junctional zone (JZ) of  >12mm, 
a JZ/Myometrium ratio of >40%, presence of myometrial cysts and presence 
of endometriosis (specifically deep invasive endometriosis(DIE)) showed 
statistically significantly worse outcomes compared to patients with milder 
disease.  
 
Conclusion: The results of this retrospective study suggest that individual MRI 
markers for severe adenomyosis (mean JZ >12mm, myometrial cysts), 
especially when combined with (severe) endometriosis, may be associated with 
fewer pregnancies during IVF/ICSI when compared to male infertility controls. 
Future prospective studies should investigate the prognostic potential of these 
markers for prediction of IVF/ICSI success. 
 
Keywords: Adenomyosis, Infertility, Assisted Reproductive Technologies, 
Magnetic Resonance Imaging, Pregnancy
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Introduction 
Adenomyosis is a benign gynaecological condition characterised by the 
infiltration of endometrial tissue and stroma into the myometrium of the uterus, 
causing disruption in the so-called junctional zone (JZ) (278). The prevalence 
of adenomyosis is unclear due to lack of consensus in diagnostic method and 
criteria, with reported prevalence varying widely from 5 to 70% (194,280). 
Younger nulliparous women are being more frequently diagnosed with 
adenomyosis and it is increasingly being linked to poor obstetric outcomes and 
infertility (80,81,94,107). A recent meta-analysis showed detrimental effects of 
adenomyosis on in vitro fertilisation (IVF) outcomes, with significantly reduced 
implantation, clinical pregnancy, ongoing pregnancy and live birth in 
adenomyosis patients (281). 

 

Diagnosis of adenomyosis  
Conventionally, the diagnosis of adenomyosis was obtained histologically 
from hysterectomy specimens, and this remains the gold standard (19). With 
the advent of improved imaging techniques, the diagnosis can also be made 
via trans-vaginal ultrasound (TVUS, sensitivity 78%, specificity 78%, positive 
likelihood ratio of 3.5 and a negative likelihood ratio of 0.28) and magnetic 
resonance imaging (MRI, sensitivity of 78%, specificity of 88%, a positive 
likelihood ratio of 6.8 (4.5%–10%), and a negative likelihood ratio of 0.25) 
(29,37). TVUS is arguably less reliable for diagnosing adenomyosis as it is 
relatively operator dependent (37). Furthermore, distinguishing adenomyosis 
from other uterine disorders such as leiomyomas or carcinomas can be 
difficult on TVUS. MRI is therefore often the preferred diagnostic method, 
specifically in atypical or mild cases of adenomyosis (19,61). Unfortunately, 
in contrast to TVUS, which has clear diagnostic criteria (the MUSA criteria 
(183)), there are no accepted diagnostic criteria for adenomyosis for MRI. 
The most widely reported MRI criteria are based on the appearance of the JZ, 
by looking at the following three features: (i) a JZ thickness ≥ 12 mm; (ii) a 
ratio of greater than 40% of JZ to myometrium and (iii) a difference greater 
than 5 mm between the maximum and minimum JZ diameter. There are further 
reported indirect and direct criteria for adenomyosis (with presence of 
myometrial cysts seeming most promising) on MRI but their diagnostic and 
clinical potential remains unclear (32,181).  
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Junctional zone & Infertility 
Alterations in the JZ have been linked to fertility, as the JZ is influenced by 
cyclical hormonal changes in accordance with the endometrium (33,46). The 
JZ is believed to play an important in role in uterine contractions which are 
crucial for spermatozoa transport and embryo implantation (111). A handful 
studies have specifically investigated whether changes in the JZ could be linked 
with fertility outcomes (95,98). Limited studies have investigated the direct link 
of the type and the severity of adenomyosis to fertility outcomes however, with 
those that have showing conflicting results. A study by Tamura et al. showed 
that women with diffuse adenomyosis had worse fertility outcomes (101). 
Conversely, a study by Exacoustos et al. showed that focal adenomyosis was 
more often associated with infertility (106). By extensively characterising 
adenomyosis on MRI, the burden of disease could perhaps be definitively 
correlated with fertility outcomes and thereby inform clinical decision making.  
 
Therefore, the aim of this study was to retrospectively quantify and characterise 
the extent of adenomyosis on MRI in infertile women undergoing IVF/ICSI, and 
to evaluate if certain MRI characteristics of adenomyosis severity show worse 
IVF/ICSI outcomes compared to controls.   
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Materials & Methods  

Study design & Setting  
This single-centre retrospective case-control study was conducted at the 
Catharina Hospital in Eindhoven, the Netherlands, a regional referral centre 
for fertility and endometriosis treatment. Patients were included between the 
years of 2007 and 2020. This study was ethically approved by the local 
institutional review board and the regional Medical Ethical Committee with 
study number nWMO-2020.005/W20.045, in March 2020.  

 

Eligibility criteria: 
IVF/ICSI Patients between the ages of 18 and 42 years, undergoing their first, 
fresh embryo transfer in our centre between 2008-2020 were eligible.  

 

Study Population 
IVF/ICSI patients that received an MRI at our hospital (according to local MRI 
protocol, see appendix 10A) on suspicion of adenomyosis and/or 
endometriosis were chosen as our study group. In order to confirm the initial 
diagnosis of adenomyosis and/or endometriosis of the MRI’s that were 
conducted, a reassessment was made of these MRI’s by pelvic radiologists 
and a study investigator (CR). The diagnosis of adenomyosis on MRI was 
made based on one of three criteria:  (I) JZ thickness ≥ 12 mm on T2 either 
focally or diffusely, (II) the presence of high signal intensity foci (HSI) in the 
myometrium on T1 and/or T2 concordant with an adenomyotic cyst, (III) 
JZ/myometrium ratio of > 40% on T2. The diagnosis for endometriosis was 
based on the presence of one of the following criteria; (I) hyperintense 
(multiple) ovarian cysts on T1 and hypointense intensity on T2, (II) 
endometriosis plaques and (III) deep infiltrating endometriosis. Patient medical 
files were then assessed in order to identify which of these patients had 
undergone IVF/ICSI treatment and received their first fresh embryo transfer 
(ET) in our fertility department. Patients were included regardless of the timing 
of the MRI in relation to IVF/ICSI treatment.  
 
Control Population: 
The control group included women undergoing IVF/ICSI treatment due to a 
male factor only, with normal uteri on TVUS, or MRI where available. We 
chose only to include controls on the basis of normal uterus on imaging and 
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only a male factor to minimise the chance of including undiagnosed 
adenomyosis patients into the control group. 
 
Exclusion criteria: 
Patients who did not undergo ET, or only underwent frozen ET were excluded. 
Patients who explicitly objected to the usage of their medical data for 
research purposes were also excluded. 

 

IVF/ICSI Treatment protocol  
Included patients had to meet the local eligibility requirements of IVF/ICSI 
treatment protocol (see Appendix 10B). Patients first received pituitary 
downregulation with a recombinant GnRH agonist (Decapeptyl®, Ferring 
Gmbh, Germany), followed by ovarian stimulation. For ovarian stimulation 
either recombinant follicle stimulating hormone (Gonal-F®, Merck B.V. the 
Netherlands) or human menopausal gonadotrophin (Menopur® , Ferring B.V. 
the Netherlands, Fostimon®, Goodlife Fertility B.V. the Netherlands) was 
used. Fertilisation of the oocytes occurred the same day as oocyte retrieval, 
either by IVF or ICSI depending on the patients’ medical indication. Three 
days after oocyte retrieval, ET (single or double) was carried out after 
administration of a human gonadotrophin (HCG, Pregnyl®, Merck Sharp & 
Dohme, Canada) boost. According to the local and alpha scoring criteria (see 
appendix 3) selection of the best quality embryos for transfer was carried out. 
Luteal support was maintained with intravaginal progesterone (Uterogestan®, 
Besins Healthcare, the Netherlands) and was initiated after ET.  
Pelvic magnetic resonance imaging 
The standard MRI protocol for pelvic examinations at this hospital included the 
following sequences; T2-weighted turbo spin echo (T2-TSE) sequences in the 
sagittal, axial and coronal planes, as well as T1-weighted turbo spin echo (T1-
TSE) sequences in the axial plane. All scans were carried out with either a 1.5T 
or 3T MRI system (Phillips, Ingenia, the Netherlands). In order to minimise the 
effects of bowel motions/spasms and uterine peristalsis on image interpretation, 
all patients were administered an antispasmodic agent (1mL of 20mg/mL 
Buscopan®, Sanofi, Paris, France) intravenously or intramuscularly. The slice 
thickness used was generally 3 mm, with slight variations ranging from 3-5 mm. 
Minor changes existed in the protocol throughout the years, but had no 
significant impact on the diagnostic quality of the MRIs. In case of patients 
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receiving multiple MRI’s, the MRI performed closest to IVF/ICSI treatment was 
chosen for measurements. Full details can be found in Appendix 10A.  
 

MRI measurements  
The MRI features assessed with a brief definition, unit, calculation and 
stratification can be found in Table 10.1, and an illustration of measurements 
taken shown in Figure 10.1. Measurements were performed independently by 
two study investigators (CR and SK) using Sectra IDS7 version 21.1 (Linköping, 
Sweden). The investigators’ measurements were subsequently compared and 
measurements were considered equal when there was a difference ≤ 1 mm.  A 
pelvic radiologist was consulted when doubts presented about the performed 
measurements. For all measurements,  the junctional zone was defined as a low 
signal intensity region between the high signal intensity region of the 
endometrium and the intermediate signal intensity region of the outer 
myometrium on T2. In case of an ill-defined junctional zone which inhibited 
accurate measurement, the MRI was labelled as having ‘poor JZ definition’. 
Focal adenomyosis was defined as focal widening of the JZ, or an ill-defined 
low signal intensity region of the uterine wall. In order to avoid mistaking uterine 
contractions for focal lesions, the precise location of the low signal intensity 
region was assessed in three directions (using a localisation cursor). When this 
low intensity region was not seen in other directions, it was categorised as a 
uterine contraction. Diffuse adenomyosis was defined in case of a diffuse 
thickening of the JZ of ≥ 12 mm showing a low T2 signal intensity with indistinct 
margins (Figure 10.1C).   
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Table 10.1 MRI characteristics of adenomyosis: Objective Adenomyosis MRI 
Features, based on (181): 

MRI Feature Definition Unit Stratification  

Average Junctional Zone 
thickness (AJZ) 
 

Mean of JZ measurement at 6 points of the uterus: 

Fundus, Mid-corpus, Isthmus, measuring the anterior 
and posterior wall at each point in the mid-sagittal 
plane. 

Mm >7mm, >10mm, 
>12mm 

Maximal Junctional Zone 
Thickness (JZMax)  

Maximal diameter of JZ from those measured at the 6 
points as described above, with location 

Mm >7mm, >10mm, 
>12mm 

Minimal Junctional Zone 
Thickness (JZMin)  

Minimal diameter of JZ from those measured at the 6 
points as described above 

Mm  

Junctional Zone Differential 
(JZDiff)  

As a measure of JZ irregularity 

Difference between maximal and minimal JZ 

Mm >5mm  

Junctional Zone Asymmetry 
(JZAsymm)  

Difference between anterior and posterior JZ (based 
on measurement at 6 points previously described) 

Mm  

Junctional Zone to 
Myometrium Ratio (JZ/Myo 
Ratio) 

Ratio of Junctional zone to full myometrium thickness 
(measured at 6 points previously described) 

% >40%  

Uterine volume Uterine length x width x height x 0.523 (146). The 
length of measured in the sagittal plane from the outer 
ostium of the cervix until the fundus. Width was 
measured in the axial plane, and height in the 
transverse plane at the mid-corpus. 

Mm3  

Average Uterine Wall 
Thickness 

Uterine wall thickness measured from endometrium to 
myometrium, at 6 points previously described 

Mm  

Adenomyotic foci volume  Volume of adenomyotic foci in 3 orientations 

Calculated using the formula of a sphere: 4/3. T. U^3 

Mm3 <40mm3, 40-60 
mm3,  

> 60 mm3 

(Number of) HSI 
adenomyotic foci 
(Myometrial Cysts)  

Visible high signal intensity (HSI) myometrial foci 
(compared to normal myometrium) on T1 or T2-
weighted imaging* 

 >5  

Adenomyosis Signal intensity 
ratio (SIR)  

Signal intensity ratio of adenomyotic tissue compared 
to that of the rectus muscle on T2 imaging (as 
measured using Region of Interest (ROI) circles). 

  

*on the total MRI scan, not per image slice. Duplicate counting foci in various slices 
was avoided by tracking lesions across slices using the localisation cursor.  
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Figure 10.1 Measurements on MRI of Adenomyosis characteristics. All MRI images 
shown were performed on a T2-TSE. Figure A, B and C are shown in a sagittal plane, 
D in the transverse plane.  A; The JZ thickness (yellow line) and the myometrium 
thickness (red line) measured at the level of fundus  (F), mid-corpus (M) and isthmus (I) 
in the anterior (A) and posterior (P) wall of the uterus. B; The measurements of JZ 
thickness and myometrium thickness. C; A uterus with diffuse adenomyosis with a JZ ≥ 
12 mm. D; Uterus volume determination using the width in the transverse plane (78.8 
mm). JZ is showing high signal intensity foci’s determined with dashed yellow circles. 
Volume of focal adenomyosis shown in the red circle 
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Outcomes  
The primary outcomes of this study included: (I) biochemical pregnancy (BP, a 
positive HCG test on day 16 post- ET), (II) ongoing pregnancy (OP, presence 
of a foetal cardiac activity on ultrasound 11 weeks after ET), (III) live birth 
(LB, delivery of a viable foetus > 24 weeks of gestational age). Secondary 
outcomes included the MRI characteristics of adenomyosis as shown in Table 
10.1.  
 

Data sources & management 
Patient characteristics, radiology reports and MRI data were retrieved from 
the electronic hospital patient records programme HIX (Chipsoft 6.1, 
Amsterdam, The Netherlands). Data concerning the IVF and ICSI cycles was 
retrieved from the Dutch national fertility database (Landelijk Specialistisch 
Fertiliteits Dossier, LFSD, Stichting Automatisering Fertiliteit (SAF), Utrecht, the 
Netherlands)). All patient data and MRI measurements were recorded in a 
secure electronic database (Research Manager version 5.53 (Cloud9 
software, Deventer, the Netherlands)) and were later exported to IBM SPSS 
statistics (version 27) for data analysis.  
 

Statistical analysis 
The Shapiro-Wilk test was applied to assess normal distribution of data. 
Normally distributed data were presented as mean ± standard deviation (SD) 
and in case of non-normally distributed data as median (interquartile range). 
Between-group differences were assessed using the independent T-test or 
Mann-Whitney U test for the continuous variables, and for categorical 
variables a Chi-squared test or Fisher’s exact test was performed (with 
Bonferroni correction). Subsequently, a multivariate logistic regression 
analysis for IVF/ICSI outcomes was carried out correcting for age at IVF, IVF 
or ICSI treatment, number of transferred embryos and embryo quality, 
leading to adjusted odds ratios (aOR). with 95% confidence interval (95% 
CI). Overall, a P-value of <0.05 was considered significant.   
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Results  

Patient Inclusion and Characteristics  
124 women with MRI-diagnosed adenomyosis were included (see Figure 
10.2). 31 women had only adenomyosis and 93 women had both 
adenomyosis and endometriosis. 889 patients undergoing IVF/ICSI treatment 
due to male factor only were included in the control group. Table 10.2 shows 
demographic and IVF/ICSI treatment characteristics of both groups. 
 

 
Figure 10.2 Flowchart of Patient Selection and Inclusion 
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Table 10.2 Patient Characteristics of IVF/ICSI Patients with MRI-Diagnosed 
Adenomyosis versus Male Infertility Controls 

 Adenomyosis (N=124) Control Group (N=889) P-value 
BMI in kg/m2 (Median, IQR) 23.95 (21.30-28.33) 23.60 (21.44-27.04) 0.48 
Infertility time in months (Median, IQR) 35.00 (23.50-53.50) 27.00 (20.00-41.00) 0.11 
Age during 1st IVF cycle (Years, Median, 
IQR) 

33.00 (30.00-35.50) 31.00 (28.00-35.00)  0.042 

Year of IVF Treatment (Median, (IQR)) 2011 (2008-2016) 2011 (2009-2014) 0.54 
Cycle length (Days, Median, IQR) 28.00 (28.00-30.00) 28.00 (28.00-30.00) 0.43 
Primary subfertility 79 (63.7%) 616 (69.4%) 0.92 
Secondary subfertility 36 (29.0%) 272 (30.6%) 
Indication for fertility treatment 
- Male Factor 
- Female Factor§ 
- Combined 
- Endometriosis 
- Idiopathic 

 
20 (16.3%) 
13 (10.6%) 
26 (21.1%) 
37 (30.1%) 
27 (22.0%) 

 
889 (100%) 

<0.001 

Type of treatment (N, (%)) 
- IVF 
- ICSI 

 
93 (75.0) 
31 (25.0) 

 
177 (19.9) 
712 (80.1) 

<0.001 

Number of viable oocytes (Median, IQR) 7.0 (4.0-10.0) 8.0 (5.0-12.0) 0.015 
Number of viable embryos (Median, IQR) 4.0 (2.0-6.0) 5.0 (3.0-8.0) <0.001 
Fertilisation rate (%, Median, IQR) 60.0 (45.0-75.0) 57.1 (40.0-72.0) 0.21 
Number of Embryos Transferred (N, (%)) 
- Single 
- Double 

 
 
83 (68.0) 
39 (32.0) 

 
 
570 (64.2) 
318 (35.8) 

 
0.42 

Embryo quality of First Transferred 
Embryo (N, (%)) 

a 

- Super 
- Good 
- Fair 
- Moderate 
- Poor 

 
 
28 (23.5) 
19 (16.0) 
48 (40.3)* 
22 (18.5) 
2 (1.7) 

 
 
298 (33.7) 
138 (15.6) 
314 (50.6) 
133 (14.9) 
33 (3.7) 

0.11 

Embryo quality of Second Transferred 
Embryo (N, (%)) 

a 

- Super 
- Good 
- Fair 
- Moderate 
- Poor 

 
 
2 (5.7)* 
8 (22.9) 
19 (54.3) 
5 (14.3)* 
1 (2.9)* 

 
 
0 (0.0) 
63 (20.1) 
217 (69.1) 
0 (0.0) 
34 (10.8) 

 
 
<0.001 

*an asterisk denotes statistically significant difference versus control. a: see Table 9.S3 
for details on embryo quality criteria.  
§ Female factor infertility included indications such as: ovulation disorders, tubal factor 
and cervical issues as IVF/ICSI indications. Controls more often underwent ICSI 
treatment (80.1% vs. 25.0%, p<0.001) and also had more viable oocytes (8.0 vs. 
7.0, p=0.015) and embryos (5.0 vs. 4.0, p<0.001) versus adenomyosis patients. 
Embryo quality was similar between groups (p=0.112), but did differ (p<0.001) when 
looking only at the second transferred embryo where applicable.  
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MRI Characteristics: 
A summary of all MRI characteristics can be seen in Table 10.3. Figure 10.3 
shows several illustrative examples of adenomyosis. Thirty -six women received 
an MRI in advance of their first IVF/ICSI cycle, of which twelve women achieved 
pregnancy, and 24 did not. Seventy-eight women underwent MRI after fertility 
treatment, of which nineteen women became pregnant and 59 did not. There 
was no significant difference in terms of pregnancy observed between the 
group with MRI prior to fertility treatment and the group that had it afterwards 
(P=0.83, Table S4). Most women (83/124) had an MRI within five years of 
fertility treatment. No significant difference in terms of pregnancy rate was 
found when comparing these women to those received an MRI outside this time-
frame (P= 0.91, Table S4) . 
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Table 10.3 MRI Characteristics of IVF/ICSI Patients with MRI-diagnosed 
Adenomyosis 

  Adenomyosis Patients (n=124) 
Age at MRI (Years, Mean, SD)  34.96 (5.46)  
MRI conducted prior to IVF/ICSI treatment  
(N, (%)) 

 46 (37.1) 

 MRI within 5 years of fertility treatment  
(N,(%)) 

 
83 (66.9) 

Adenomyosis Type Focal 58 (47.9) 

 Diffuse 31 (25.6) 

 Cystic 5 (4.1) 

 Focal & Cystic 17 (14.0) 

 Diffuse & Cystic  10 (8.3) 

 Missing 3 (2.4%) 

Average JZ (mm, Mean, SD)  8.68 mm (3.57) 
 

>7mm 89 (71.8) 

>10mm 41 (33.1) 
 >12mm 20 (16.1) 
 >15mm 9 (7.3) 
Maximal JZ  (mm, Mean, SD)  17.05 mm (8.70) 
 

>7mm 115 (92.7) 

>10mm 104 (83.4) 

 >12mm 94 (77.4) 
 >15mm 68 (54.8) 
JZ Differential (mm, Mean, SD)   13.36 mm (8.68) 
  >5mm 110 (88.7) 
Average JZ/Myometrium Ratio  
(Mean, SD) 

 0.46 (0.14) 

 >40% 92 (74.2) 
JZ asymmetry (Mm, Mean, SD)  0.07 mm (0.81) 
 >2mm 22 (17.7) 
Presence of High Signal Intensity Foci 
(Myometrial Cysts) 

 60 (48.8) 

 >5 HSI Foci 24 (19.4) 
 T1-High signal HSI 

Foci 
24 (19.4) 

Uterine Length, in sagittal direction (Mm, 
Median, IQR)    

 78.90 (18.50) 

Maximal Focal Lesion (Mm, Median, IQR)  23.30 (13.0) 
Presence of endometriosis (N, (%))  93 (75.0) 
 Presence of 

plaques 
86 (69.4) 

 Endometriomas 62 (50.0) 
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Figure 10.3 Examples of Adenomyotic Uteri in the Study Population. A. Uterus with 
focal adenomyosis in the posterior wall. B. Uterus with cystic adenomyosis in the 
anterior wall and a diffusely widened JZ. C. Enlarged uterus with a myoma in the 
anterior wall and diffuse adenomyosis with hyperintense foci in the JZ, and an ovarian 
endometrioma. D. Uterus with various myomas as well as a diffusely enlarged JZ with 
scattered hyperintense foci (myometrial cysts)  
 
 
 
 
 
 
 

 
 
 

 Deep invasive 
endometriosis 
(DIE) 

26 (21.0) 

Presence of fibroids (N, (%)) Yes 5 (4.2) 
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IVF/ICSI Outcomes:  
A complete overview of IVF/ICSI outcomes for the adenomyosis versus 
controls is seen in Table 10.S6. Overall, patients with MRI-diagnosed 
adenomyosis showed significantly fewer biochemical and ongoing 
pregnancies and live births versus controls in crude analysis (25% vs. 36.3%, 
p=0.013, 15.6% vs. 29.4%, p=0.001, and 14.0% vs. 26.8%, p=0.009, 
respectively). A sub-analysis of patients with only fair-to-super quality embryos 
was also carried out (see supplementary file, Table S5), with comparable 
results (p=0.010 ,p=0.002 and p=0.014, respectively in crude analysis).  
 
Subsequently, IVF/ICSI outcomes for patients with markers for adenomyosis 
or endometriosis severity were compared to controls (See Table 10.S6 for full 
results).  
 
Table 10.4 presents a sub-analysis of  adenomyosis MRI markers and reports 
the live birth rate (LBR) and adjusted odds ratio’s for LB versus male infertility 
controls corrected for age at IVF, embryo quality, number of transferred 
embryos, and year of treatment. Results for BP and OP are shown in Table 
S7. Adenomyosis patients overall showed statistically significantly fewer LB 
compared to controls (aOR 0.560 (95% CI 0.318-0.988, p=0.045). The sub-
analysis for patients with only fair-to-super quality embryos showed 
comparable results (aOR 0.457 (95% CI 0.239-0.877, p=0.018)  
Furthermore, the MRI markers of myometrial cysts, JZ-Diff >5mm, 
JZ/Myometrium ratio >40% and added presence of endometriosis remained 
statistically significantly associated with fewer LB versus controls. 
 
 
 
 
 
 
 
 
 
 
 
  



 
 259 

Table 10.4: Live Birth Rate for Adenomyosis Severity MRI Markers versus 
Controls 

Analysed Subgroup (N) LBR 
Adenomyosis 

Cases (%) 

LBR 
Control 
Group 

(N=889, 
%) 

aOR (95% CI)* p-value** 

Adenomyosis Patients with 
Myometrial Cysts (n=60) 

7 (12.1%)  
233 

(26.8%) 

0.420 (0.177-0.997) 0.049 

Adenomyosis Patients without 
Myometrial Cysts (n=63) 

10 (16.1%) 0.556 (0.255-1.214) 0.14 

Adenomyosis Patients with Mean 
JZ<12mm (N= 103) 

15 (15.%) 0.510 (0.264-0.985) 0.045 

Adenomyosis Patients with Mean 
JZ>12mm (N= 20) 

2 (10.5%) 0.374 (0.082-1.700) 0.20 

Adenomyosis Patients with JZ-Diff 
<5mm (N=13) 

1 (7.7%) 0.255 (0.032-2.041) 0.20 

Adenomyosis Patients with JZ-
Diff>5mm (N= 110) 

16 (15.0%) 0.519 (0.273-0.990) 0.046 

Adenomyosis Patients with JZ-
Myometrium <40% (N=31) 

5 (16.7%) 0.598 (0.212-1.683) 0.33 

Adenomyosis Patients with JZ-
Myometrium Ratio >40% (N=92) 

12 (13.3%) 0.453 (0.222-0.921) 0.029 

Diffuse Adenomyosis  
(N=31) 

5 (16.7%) 0.583 (0.209-1.201) 0.30 

Focal Adenomyosis 
(N=58) 

9 (15.5%) 0.525 (0.230-1.626) 0.13 

Adenomyosis Alone (n=31) 5 (17.2%) 0.652 (0.225-1.889) 0.43 
Adenomyosis and Endometriosis 
(n=93) 

12 (14.1%)§ 0.440 (0.219-0.886) 0.021 

Adenomyosis without DIE (n=98) 15 (15.8%) 0.542 (0.280-1.050) 0.070 
Adenomyosis with DIE (n=26) 2 (7.7%)§ 0.272 (0.061-1.212) 0.088 

LBR: live birth rate; aOR: adjusted Odds Ratio; DIE: Deep Invasive Endometriosis 
*Multivariate logistic regression adjusted for: age at time of IVF, IVF or ICSI treatment, 
embryo quality, year of IVF treatment and number of transferred embryos, 
**p-value for logistic regression analysis 
§ denotes p<0.05 versus controls in crude analysis
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Discussion 
Previous studies have suggested that adenomyosis negatively affects 
reproductive outcomes, however, a lack of consensus in diagnostic criteria on 
MRI makes the relationship between disease severity and IVF/ICSI outcomes 
unclear. Hence, we investigated known MRI markers of adenomyosis severity 
in relation to IVF/ICSI outcomes.  Our study showed a wide range of 
adenomyosis characteristics in infertile women, reflecting the varied nature of 
the disease, and highlighting the challenges in its diagnosis and clinical 
presentation. Results showed that within adenomyosis (and endometriosis) 
patients, patients with certain MRI markers (namely concomitant endometriosis, 
myometrial cysts, JZ Diff>5mm, and/or a JZ/Myometrium ratio >40%) 
exhibited significantly worse IVF/ICSI versus male infertility controls (p<0.05). 
These findings were confirmed when correcting for confounders in multivariate 
analysis.  
 
Despite the fact that there are limited comparable studies, it can be said that 
our results are consistent with the current literature. In a study by Meylaerts et 
al., a thickened AJZ  and JZmax on MRI were associated with infertility (95).  
A similar study by Maubon et al. examined the influence of JZ thickness in 
infertile women on implantation rates during IVF, and showed that a thickened 
JZ was a negative predictor for embryo implantation (98). This study also 
investigated JZ cut-offs and showed a implantation failure rate of 95.8% for 
patients with an AJZ> 7 mm and a JZmax > 10 mm compared to patients with 
a smaller JZ  (p < 0.0001). In our study on the other hand, a higher JZ cut-off 
of 12mm was significantly associated with worse IVF/ICSI outcomes. The 
majority of women in our population already had a relatively thickened 
junctional zone due to the presence of adenomyosis, so the threshold proffered 
in the aforementioned study may well not be applicable to our population.  
 
A handful of recent studies have investigated individual adenomyosis MRI 
characteristics and IVF/ICSI outcomes (15,142,282). A study by Iwasawa et 
al. found that patients with the extrinsic adenomyosis subtype had better fertility 
outcomes compared to other adenomyosis subtypes (15). Our study did not 
find a clear difference in IVF/ICSI outcomes between adenomyosis subtypes 
however. A possible explanation for this lies in the diverse categorisations of 
adenomyosis that exist, making consensus of certain MRI markers difficult (19). 
Our finding that the added presence of (deep invasive) endometriosis affects 
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IVF/ICSI pregnancy outcomes has been described before (106,283,284). One 
recent study also found that women with combined adenomyosis (irrespective 
of subtype) and endometriosis on MRI had fewer live births compared to 
endometriosis alone (282). Bourdon et al. additionally reported a significantly 
lower live birth rate in women with adenomyosis and endometriosis exhibiting 
myometrial cysts (282). Our study showed a similar relationship between live 
birth rate in relation to myometrial cysts (aOR 0.420, p=0.049). Overall 
therefore, our results support that adenomyosis in combination with (extensive) 
endometriosis could be seen as a more severe form of disease, and that these 
patients may form a specific subgroup potentially needing specific treatment 
protocols. 

 

 Strength & limitations  
Our study has several strengths. First, the fact that the measurements were 
performed by two independent study investigators, reduces information bias. 
We also re-assessed all included MRIs during the study instead of relying on 
radiology report, accounting for differences in adenomyosis diagnosis over 
time and thereby increasing the internal consistency of our data. Correcting our 
results for relevant IVF/ICSI confounders also increases the reliability of our 
findings. 
 
This study admittedly has limitations. First, despite our sample size being 
comparable to previous studies, the number of absolute pregnancies achieved 
in our study group is low (only 14% live births in patients with adenomyosis), 
reducing the power of the results. This is also reflected in the larger confidence 
intervals in the multivariate logistic regression analysis. It is possible that our 
study population represents a group of women with more severe disease (due 
to their infertility and indication for MRI in the first place), introducing an 
element of selection bias, and adding to the low pregnancy rate. Additionally, 
most MRI diagnoses of adenomyosis were made after IVF/ICSI treatment 
(78/124 patients). One could question whether the adenomyosis was present 
to a similar extent at the time of fertility treatment. We do not believe this to be 
a relevant issue however, as a sub-analysis based on the timing of the MRI in 
relation to IVF/ICSI treatment did not affect the results. Moreover, adenomyosis 
is known to be a disorder that develops over a lifetime, and can be assumed to 
be present throughout the reproductive life-phase (63). Another element of our 
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study to consider when interpreting our findings is the choice of control group. 
The majority of our control group did not undergo MRI, which means that the 
presence of adenomyosis in this group cannot be completely excluded, despite 
normal TVUS findings and lack of clinical adenomyosis symptoms. It is possible 
therefore that there are some undiagnosed adenomyosis patients in the control 
group, which may affect the final analysis. Furthermore, patients in our study 
cohort could have had other indications for infertility treatment in addition to 
endometriosis/adenomyosis, whereas our control group in theory only had 
male infertility. This inevitably introduces a further element of bias into our case 
group.  
 

Clinical & future implications: 
Our results support that specific MRI markers of adenomyosis and 
endometriosis severity may be associated with worse IVF/ICSI outcomes 
compared to male infertility controls. In this context, there is arguably value in 
thoroughly assessing severity and extent of adenomyosis pre-conceptionally, 
especially when in combination with endometriosis. Detailed mapping of 
adenomyosis on MRI may improve clinical counselling and management of 
adenomyosis and/or endometriosis patients considering IVF/ICSI. Our data 
shows that the lower IVF/ICSI pregnancy rates are mainly seen in patients with 
combined adenomyosis and endometriosis, with adenomyosis alone seemingly 
not enough to cause convincingly worse fertility outcomes in our study 
population. If adenomyosis and endometriosis are seen as a spectrum of the 
same disease, the combined diseases constitute more severe disease, and thus 
have a greater impact on reproductive ability. We did not include patients with 
only endometriosis so could not assess its potentially confounding effect here. 
However, previous work by our group has shown that endometriosis alone has 
less effect on IVF/ICSI outcomes than combined disease (283). Larger future 
studies with a prospective design should confirm these results, and aid in 
creating more personalised management and treatments for (infertile) 
adenomyosis patients.   
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Conclusion 
This study assessed a number of MRI parameters (added presence of 
endometriosis (DIE), mean JZ >12mm, mean JZ/Myometrium ratio of >40% 
and presence of myometrial cysts) that could function as markers for IVF/ICSI 
outcomes and aid in counselling patients prior to starting treatment.  We believe 
further (prospective) research should be encouraged. Mapping out the severity 
and the extent of adenomyosis and endometriosis in correlation to further 
clinical (fertility) outcomes could aid in clinical management of (infertile) women 
with the disease.   



PART V
Effect of Adenomyosis on
Obstetric Outcomes
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ABSTRACT: 
Objectives: To investigate the prevalence of adverse obstetric and neonatal 
outcomes in women with histopathological adenomyosis compared to that of 
that of the general (Dutch) population 
Study Design: This retrospective population-based study used two Dutch 
national databases (Perined, the perinatal registry, and the nationwide 
pathology databank (PALGA), from 1995-2018) to compare obstetric 
outcomes in women prior to histopathological adenomyosis diagnosis to the 
general Dutch population without registered histopathological adenomyosis. 
Odds Ratios (aOR, 95% CI) were calculated for adverse obstetric outcomes. 
Outcomes were corrected for: maternal age, parity, ethnicity, year of 
registered birth, induction of labour, hypertensive disorders in previous 
pregnancies, multiple gestation and low socioeconomic status. 
Results: Pregnancy outcomes of 7,925 women with histopathological 
adenomyosis were compared to 4,615,803 women without registered 
adenomyosis. When corrected for confounders, women with adenomyosis 
had an aOR 1.37 (95% CI 1.25-1.50) for hypertensive disorders, an aOR of 
1.37 (95% CI 1.25-1.51) for preeclampsia, aOR of 1.15 (95% CI 1.07-1.25) 
for a small-for-gestational-age infants. Women with adenomyosis had an aOR 
of 1.54 (95% CI 1.41-1.68) for emergency caesarean delivery, an aOR of 
1.24 (95% CI 1.12-1.37) for failure to progress, an aOR of 1.29 (95% CI 
1.10-1.48) for placental retention and an aOR of 1.23 (95% CI 1.10-1.38) 
for postpartum haemorrhage. No increased risk for HELLP, placental 
abruption, operative vaginal delivery or need for oxytocin stimulation was 
found.  
Conclusions: Women with a histopathological diagnosis of adenomyosis show 
an increased prevalence of hypertensive disorders of pregnancy and small-
for-gestational-age infants, failure to progress in labour and placental 
retention compared to the general population in prior pregnancies. This 
suggests uterine (contractile) function in labour and during pregnancy is 
impaired in women with adenomyosis. 
Keywords: Adenomyosis; Adverse Obstetric Outcomes; Foetal Growth 
Restriction; Histopathology; Hypertensive disorders; Neonatal outcomes; 
Obstetric Complications; Placental abnormalities; Population study; 
Preeclampsia; Progress of Labour; SGA  
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Introduction:  
Adenomyosis is a uterine condition closely linked to endometriosis, 
characterized by myometrial invasion of endometrial tissue. It is associated 
with dysmenorrhea, abnormal uterine bleeding, and chronic pelvic pain. 
Further evidence is gathering which identifies it as a cause for adverse 
reproductive outcomes (81,88,281). Its prevalence is debated, with some 
estimates as high as 20% of women in the fertile phase of life (7). While most 
studies have investigated the relationship between adenomyosis and fertility, 
recent literature also proposes that presence of adenomyosis may lead to a 
higher risk of obstetric complications such as preterm birth (PTB), foetal 
growth restriction (FGR) and hypertensive disorders of pregnancy (HDP) 
(103–105,108) .  
 
Elements of the pathophysiology of adenomyosis – namely its disruption of 
the uterine junctional zone and thereby uterine contractility – have been 
hypothesized to influence the obstetric function of the uterus. HDP are thought 
to arise from impaired spiral artery development and placentation in this same 
junctional zone. Furthermore, the junctional zone has an important role in 
uterine contractile function (111,259,285), which is arguably most well-known 
in the onset and progress of labour. Common obstetric complications such as 
failure to progress, uterine hyperstimulation and atony, and placental 
retention are likewise associated with aberrant uterine contractility. 
 
Part of the problem in gaining consensus regarding the (obstetric) 
consequences of adenomyosis lies in its diagnosis in the first place. 
Adenomyosis is often underdiagnosed due up to one third of women 
remaining asymptomatic (or not consulting a gynaecologist for their 
symptoms), alongside a lack of uniform diagnostic criteria (19,182). Whilst 
adenomyosis can be relatively accurately diagnosed using imaging techniques 
such as transvaginal ultrasound (TVUS) and magnetic resonance imaging 
(MRI), the diagnostic criteria vary, and there is a high level of inter-observer 
variability (29,31–34,181,192). For this reason, the gold standard for 
adenomyosis diagnosis remains histopathology. With biopsy also not being 
sufficiently accurate (286), adenomyosis is most reliably diagnosed after 
hysterectomy in women after having completed their childbearing wish. This 
poses a clinical challenge as it is now commonly accepted that adenomyosis 
may be highly prevalent in younger, nulliparous women (7,19,78,287). 
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Despite most of the published studies reporting convincing evidence 
associating adenomyosis with obstetric complications, common weaknesses of 
these studies limit their generalizability. First, they have relatively small sample 
sizes, with the largest study including 245 women with adenomyosis 
(101,110). Previous studies have made use of less reliable diagnostic 
methods such as TVUS (105) and MRI (4,102), with the larger published 
studies relying on self-reported diagnosis (104,110). Nevertheless, no studies 
exist on obstetric outcomes in combination with histopathological 
adenomyosis diagnosis. Hence, women with adenomyosis are not generally 
considered as having high-risk or complicated pregnancies. 
 
Consequently, no guidelines exist for the management of pregnant women 
diagnosed with adenomyosis. Large-scale studies are needed to yield 
unambiguous results that can impact the clinical practice and (obstetric) 
management of women, preferably using the diagnostic gold standard of 
histopathology.   
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MATERIALS AND METHODS: 

Study Objective: 
To investigate the prevalence of adverse obstetric and neonatal outcomes in 
women with histopathological adenomyosis compared to that of that of the 
general (Dutch) population 
 

Study Design: 
Retrospective observational population-based cohort study 
Setting: Dutch population-level data from 1995-2018. 

Population: 

Inclusion criteria 
Study Group: Women between the ages of 18-50 histologically diagnosed 
with adenomyosis, from the Dutch nationwide pathology databank (PALGA) 
between the years of 1995 to 2018, with pregnancy outcomes registered in 
the Dutch national perinatal registry (Perined).  
Control group: Women between the ages of 18-50 with registered pregnancy 
outcomes in the Perined registry between the years 1995 to 2018, without 
reported histopathological adenomyosis diagnosis.  

Exclusion criteria 
No pseudonymised personal identifier in the perinatal registry, meaning that 
data linkage could not be facilitated.  
 

Sample Size calculation: 
Due to the still disputed prevalence of adenomyosis (288) and risk of adverse 
pregnancy outcomes in women with adenomyosis, a sample size calculation 
was not conducted. However, due to this study using population-level data is 
assumed that the power of the results is sufficient to yield clinically significant 
results.  
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Study Outcomes: 

The prevalence of adverse obstetric outcomes in women with adenomyosis 
was compared to the women without reported histopathological adenomyosis 
from the general Dutch population.   

The primary outcomes of this study are summarised in Table 11.S1. Primary 
outcomes for this study included a variety of adverse obstetric outcomes: 
mode of delivery, preterm birth (PTB, delivery <37 weeks gestational age), 
failure to progress, placental retention, postpartum haemorrhage (PPH), 
hypertensive disorders of pregnancy (HDP), foetal growth restriction (FGR, 
biometry < 10th percentile), and small for gestational age (SGA, birthweight 
<10th percentile). Neonatal outcomes assessed included: perinatal mortality, 
low (<7) Apgar scores, neonatal asphyxia (umbilical artery pH (<7.00)) and 
need for NICU admission.  

A full list of patient and obstetric characteristics as secondary outcomes is 
summarized in Tables 11.S1 and 11.S2. In the context of this study, we 
extracted the following information from the pathological reports: patient age 
at time of hysterectomy, year of hysterectomy, and previous diagnosis of 
endometriosis.  
 
Data Sources:  
PALGA – Dutch nationwide pathology databank 
The PALGA (Pathologisch Anatomisch Landelijk Geautomiseerd Archief, 
Houten, the Netherlands) database has existed since 1971, functioning as a 
data- and biobank for histopathological material collected from Dutch 
pathology laboratories. Since 1991, it has achieved national coverage and 
currently holds the data of approximately 12 million patients. All women who 
received a diagnosis of adenomyosis based on histopathology were collected 
from this database. These women were selected by conducting a systematic 
search, with support from a pathologist. See Appendix 11B for the search 
strategy used. 
 
Perined – Dutch National Perinatal Database 
Perined (Utrecht, the Netherlands) is the Dutch national perinatal database 
which records pregnancy outcomes of all women giving birth under 
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supervision of a registered midwife or gynaecologist in the home, outpatient, 
or clinical setting (generally from 22 weeks gestational age). Perined has 
achieved national coverage of pregnancy outcome registration since 2000 
and holds details over 5 million pregnancies.  The relevant characteristics of 
all women who gave birth within the study period (1995-2018) were 
requested. A full list of the pregnancy and patient outcomes available from 
the database are shown in Appendix 11D.  
 
Data linkage between PALGA and Perined 
The women identified in the PALGA database with adenomyosis who have 
reported pregnancy outcomes in the Perined database were matched based 
on identification number. The combination and linkage of these two databases 
was facilitated using a Trusted Third Party (TTP) at Statistics Netherlands (CBS, 
Centraal Bureau voor de Statistiek). All data was fully anonymised with each 
individual woman assigned a pseudonymized ID. The study had to adhere 
stringently to the privacy guidelines of the CBS to avoid reporting revealing 
data. This meant that we were unable to report absolute values in certain 
situations, namely: for outcomes occurring in fewer than ten women, and any 
outcomes occurring with a prevalence of under 10% and/or more than 90%. 
We were also unable to report minimum or maximum values. Consequently a 
large fraction of the results are reported as a relative difference in prevalence 
(%) between groups, rather than their  absolute values (e.g., +2%, as 
opposed to 6% and 8%).  

Statistical Analysis: 
Statistical analysis was carried out using SPSS Version 26. Outcomes were 
compared between women diagnosed with adenomyosis versus those without 
registered adenomyosis diagnosis. Dichotomous outcomes were compared 
using chi-squared analysis. For continuous variables, the independent T-test 
was used if normally distributed, and the Mann-Whitney-U test if abnormally 
distributed. A multivariate regression analysis was conducted to calculate 
adjusted Odds Ratios (aORs) for relevant outcomes and a 95% confidence 
interval. Outcomes were corrected for potential confounders: maternal age 
(at time of delivery), parity (at time of delivery), ethnicity, year of registered 
birth, induction of labour, multiple gestation and low socioeconomic status. 
Women who gave birth multiple times in the study period could be included 
more than once in the analysis. Bonferroni correction was applied where 
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appropriate to account for multiple comparisons and repeated measures. A p-
value of <0.05 was considered as statistically significant for all variables. This 
study is reported according to the STROBE guidelines (189) (see Appendix 
11G for the STROBE checklist). Figures were created using Miro and SPSS.  
 
Ethical Considerations: 
No informed consent was requested from the patients included as only 
anonymized data that is already publicly available was used. For the 
correlation between databases, a TTP was used de-anonymize and link the 
databases. Ethical approval from the regional ethical committee was obtained 
with local study number nWMO-2020.0015.   
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RESULTS: 
Our initial search in the PALGA registry resulted in a total of 36,168 women 
between the ages of 18 and 50 who received the histopathological diagnosis 
of adenomyosis after hysterectomy between the years of 1995-2018. Out of 
this pool of women, 7,925 women could be linked to obstetric outcomes in the 
Perined registry. Table 11.1 gives an overview of the demographic 
characteristics of adenomyosis patients with pregnancy outcomes compared 
to the general population. The Perined registry was subsequently consulted to 
identify the obstetric outcomes of the general Dutch population in the same 
period, giving outcomes of 4,615,803 pregnancies of women without 
histologically confirmed adenomyosis. 548,852 Patients were excluded due to 
insufficient data to facilitate linkage between databases (for example due to 
missing patient identifiers). Patient selection is visualized in Figure 11.1.  

 
Figure 11.1  Flowchart of Patient Selection from the PALGA (Pathologisch Anatomisch 
Landelijk Geautomatiseerd Archief) and Perined Dutch National Databases. Linkage of 
the anonymized databases was carried out using the services of a trusted third party 
(TTP) via de Dutch Central Bureau of Statistics (CBS). 
 
Relevant demographic obstetric characteristics and outcomes available were 
compared between the pregnancies in women with histologically diagnosed 
adenomyosis and those of the general Dutch population. Obstetric 
characteristics are summarised in Table 11.1, maternal and obstetric outcomes 
in Table 11.2, and neonatal outcomes in Table 11.3.   
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Table 11.1 Demographic and Obstetric characteristics of Adenomyosis 
patients versus the general Dutch population 

Characteristic Total Dutch Population 
(n=4,615,803) 

Adenomyosis Patients 
(n=7,925) 

p-value* 

Low-income area (%) 587,058 (12.8%) 959 (12.1%) P=0.078 
Age of women at time of pregnancy 
(in Years, Mean (SD)) 

30.42 (4.87) Mean 29.15 (4.43) P<0.001 

Registered year of pregnancy (Mean 
(SD)) 

2006 (6.80) 1999 (4.35) P<0.001 

Ethnicity 
- Dutch/Caucasian 
- Mediterranean 

Creole/Hindustani/Asian 
- Other  
- Unknown 

 
3,056,539 (79.6%) 
431,571 (11.3%) 
 
<10% 
776,448 (20.2%) 

 
5,024 (87.1%) 
<10% 
 
2,158 (37.4%) 

P<0.001 

Obstetric Characteristics 
Gravidity (Median, (IQR)) 2 (2) 2 (2) P<0.001 
Multiple gestation  -0.9%**  P<0.001 
History of Miscarriage/Abortion (N, 
(%)) 
Number of previous miscarriages 
(Median, (IQR)) 

1,226,139 (26.4%) 
 
0 (1) 

2,420 (30.4%) 
 
0 (1) 

P<0.001 

Parity 
- Median (IQR) 
- Primiparous 
- Multiparous 
- Grande multiparity (>5) 

 
1 (1) 
2,098,078 (45.7%) 
 

 
0 (1) 
4,928 (62.2%) 
2,997 (37.8%) 
-0.4% 

P<0.001 

Mode of Conception (N, (%)) 
- Spontaneous 
- Ovulation induction 
- Intra-uterine insemination 
- IVF/ICSI 
- Other 
- Unknown 

 
2,536,563 (55.0%) 
 
 
 
1,921,094 (41.6%) 

 
5,217 (65.8%) 
+1.1% 
+0.3% 
+1.4% 
+0.1% 
2,201 (27.8%) 

P<0.001 

Reported subfertility  +4.7% P<0.001 
Gestational age at time of first 
consultation (in Weeks, Median (IQR)) 

10 (5) 11 (4) P<0.001 

Diagnosis of uterine fibroids prior to 
pregnancy 

 +0.4% P<0.001 

Pregnancy setting at the start of 
pregnancy (N, (%)) 

- Midwife  
- Hospital/Clinical 
- Unknown 

 
 
3,955,220 (85.7%) 
638,368 (13.8%) 

 
 
6,040 (76.2%) 
1,834 (23.1%) 
-0.3% 

P<0.001 
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History of HDP   +0.1% P=0.444 
Hyperemesis gravidarum  +0.3% P<0.001 

IVF: In-vitro Fertilization, ICSI: Intracytoplasmic sperm injection; HDP: Hypertensive 
disorders of Pregnancy, PIH: Pregnancy-Induced Hypertension 
*P-value calculated using Chi2 analysis for dichotomous outcomes, Independent T-test 
for normally distributed continuous variables and Mann-Whitney U test for abnormally 
distributed continuous variables. 
**Some outcomes are reported only as a relative percentage difference between 
patient groups instead of absolute values, due to CBS data privacy restrictions. In 
some cases, this leads to percentages not adding up to 100%. 
 
Obstetric characteristics were compared between groups (Table 11.1). 
Several significant differences were found between the adenomyosis patient 
pregnancies and those of the general Dutch population. Women with 
histopathological adenomyosis were more often primiparous (65.8% vs. 
55.0%), and had more reported subfertility (+4.7%) and subsequently were 
more often pregnant after undergoing ART.  
 
Table 11.2 shows descriptive analysis of all obstetric and maternal outcomes. 
Multivariate binary logistic regression analysis was performed for obstetric 
and neonatal outcomes. All outcomes were corrected for potential 
confounders: parity, age, year of birth, multiple gestation, induction of labour, 
low-income area, ethnicity, gestational diabetes, history of hypertensive 
disorder. Univariate analysis for relevant outcomes can be found in Table 
11.S6.  Table 11.S7 shows the full outcomes of multivariate regression 
analysis. 
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Table 11.2 Obstetric Outcomes for Adenomyosis Patients vs. Dutch General 
Population 

Outcomes Total Dutch Population 
(n=4,615,803) 

Adenomyosis Patients 
(n=7,925) 

p-value* 

Gestational age in days at birth (Median 
(IQR)) 

279 (14) 277 (15) P<0.001 

Gestational age (in weeks) at birth 
(Median (IQR)) 

39 (2) 39 (2) P<0.001 

Gestational diabetes   -0.1% P=0.593 

Antepartum Haemorrhage   -1.5% P<0.001 
Preterm Premature Rupture of Membranes 
(PPROM) 

 +0.5% P<0.001 

Threatened prematurity***  +2.2% P<0.001 
Cervical insufficiency  +0.1% P=0.113 
HDP in current pregnancy (N, (%)) 
- Gestational Hypertension/PIH 
- Pre-eclampsia 
- HELLP/Eclampsia 

 
 
 

+3.8% 
+3.7% 
+0.6% 
+0.1% 

P<0.001 

Proteinuria  
Degree of Proteinuria (mg/L, Median 
(IQR)) 

 
581.00 (IQR 1190) 

+1.0% 
600.00 (IQR 1360) 

P<0.001 
P=0.124 

Mode of start of labour (N, (%)) 
- Spontaneous 
- Induction of labor 
- Elective Caesarean 

 
3,145,799 (68.2%) 
790,130 (17.0%) 

 
5,556 (70.1%) 
1,698 (21.4%) 
-1.3% 

P<0.001 

Pregnancy setting at start of labour (N, 
(%)) 

- Midwife  
- Hospital/Clinical 
- Unknown 
- N/a 

 
 
2,248,806 (48.7%) 
2,067,261 (44.8%) 
 

 
 
3,509 (44.3%) 
4,353 (54.9%) 
-0.8% 
-4.9% 

P<0.001 

Delivery Setting (N(%)) 
- Home delivery 
- Birthing centre 
- Hospital delivery under 

supervision of midwife 
- Hospital delivery under 

supervision of a gynaecologist 
- Unknown 

 
855,114 (18.5%) 
 
 
 
98,489 (64.7%) 
 
 

 
1,222 (15.4%) 
-0.6% 
-1.3% 
 
5,991 (75.6%) 
 
 
-0.1% 

P<0.001 
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Mode of Delivery (N(%)) 
- Vaginal 
- Spontaneous vaginal 
- Instrumental delivery 
- Cesarean Section (CS) 
- Elective CS 
- Emergency CS 
- Unknown 

 
3,114,932 (67.5%) 
 
 
628,496 (13.6%)  
 

 
5,677 (71.6%) 
5,243 (66.2%) 
+2.8% 
1,567 (19.8%) 
+1.9% 
+4.4% 
-7.2% 

P<0.001 

Indication for labour induction/Elective CS 
(N, (%)) 

- Elective 
- Foetal condition 
- Maternal condition 
- Maternal & Foetal Condition 

1,025,775 (22.2%) 
 
419,887 (40.9%) 
256,783 (25.0%) 
199,489 (19.4%) 
149,616 (14.6%) 

2,324 (29.3%) 
 
1,016 (43.7%) 
464 (20.0%) 
511 (22.0%) 
333 (14.3%) 

P<0.001 

Indication for Instrumental 
delivery/Emergency CS (N, (%)) 
- Foetal distress 
- Failure to progress 
- Foetal Distress and failure to progress  
- Other 

842,981 (18.3%) 
 
234,881 (27.9%) 
454,012 (53.9%) 
 
 

2,083 (26.2%) 
 
479 (23.0%) 
1,248 (59.9%) 
-0.5% 
 
-0.8% 

P<0.001 

Postpartum Haemorrhage (>1 L)   +0.4% P=0.194 
Placental issues (composite)   +0.4% P=0.028 
Placental Abruption  +0.1% P=0.082 
Placental Retention  +0.3% P=0.135 
Placenta Previa   +0.1% P=0.152 

Meconium stained amniotic fluid (N(%)) 496,331 (10.8%) 842 (10.6%) P=0.729 

Non-vertex lie (N(%)) 536,804 (11.6%) 1,248 (15.7%) P<0.001 

Cephalopelvic disproportion  +0.7% P<0.001 

Foetal distress  +1.6% P<0.001 
Duration of ruptured membranes until 
delivery (hours, Median (IQR)) 

2.00 (7) 3.00 (8) P<0.001 

Prolonged rupture of membranes (>24h, 
(N(%))) 

318,453 (6.9%) 733 (9.2%) P<0.001 

Duration of second stage of labour 
(minutes, Median (IQR)) 

18 (37) 27 (46) P<0.001 

Failure to progress in second stage of 
labour 

 +0.7% P<0.001 

Failure to progress in first stage of labour  +1.3% P<0.001 

Need for oxytocin stimulation 933,786 (39.9%) 1,029 (37.8%) P<0.001 
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Pain relief during labour (Epidural or 
Morphinomimetics) 

1,081,218 (23.4%) 2,044 (25.8%) P<0.001 

Episiotomy 1,084,463 (23.5%) 2,357 (29.7%) P<0.001 
Hospital Admission 
Duration of hospital stay (days, Median 
(IQR)) 

2,498,476 (53.9%) 
1.00 (IQR 2) 

5,350 (67.5%) 
2.00 (IQR 3) 

P<0.001 

Maternal Mortality  +/- 0.0% P<0.001 

Uterine Rupture  +/- 0.0% P=0.544 
Endometritis/Puerperal Fever  +0.1% P=0.002 

*Calculated using chi-squared analysis for dichotomous outcomes, T-test for normally 
distributed continuous variables, and the Mann-Whitney U test for abnormally 
distributed continuous variables  
** In some cases, no absolute values are reported due to data privacy restrictions. 
Instead the relative difference in percentages is shown between the adenomyosis 
population versus the general population. . In some cases, this leads to percentages 
not adding up to 100%.  
***Threatened prematurity: admittance due to suspicion of threatened premature 
delivery due to either cervical insufficiency, premature contractions, or preterm 
premature rupture of membranes. 
 
No significant differences were found for maternal mortality between groups.  
Outcomes of multivariate logistic regression are summarised in Figure 11.2 
(as aOR’s with 95% CI) for the majority of obstetric and neonatal outcomes. 
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Figure 11.2 Forest plot of adjusted Odds Ratio (aOR's, with error bars signifying 95% 
CI)  for relevant obstetric and neonatal outcomes for patients with histologically 
proven adenomyosis (n=7,925) versus women without histologically proven 
adenomyosis from the Dutch population (n=4,615,803). aOR’s were corrected for: 
maternal age, parity, ethnicity, year of registered birth, induction of labour, multiple 
gestation and low socioeconomic status. PPROM: preterm premature rupture of 
membranes; HDP: hypertensive disorders of pregnancy; PIH: pregnancy-induced 
hypertension; HELLP: haemolysis, elevated liver enzymes, lowered platelets; FTP: 
Failure to Progress; PROM: Premature Rupture of Membranes; CS: Caesarean Section; 
PPH: Postpartum Haemorrhage; NICU: Neonatal Intensive Care Unit  
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Adenomyosis was found to have an increased prevalence of signs of 
premature labour (including cervical insufficiency, PPROM, and premature 
contractions) during pregnancy with 2.2% more women in the adenomyosis 
group diagnosed with premature labour or threatened prematurity compared 
to the general Dutch population. Likewise, there was a higher incidence 
(+0.5%) of PPROM and cervical insufficiency (increase of 0.5%; all 
p<0.001). However, prevalence of cervical insufficiency did not differ 
statistically significantly. When adjusting for confounders, we found an aOR of 
1.47 (95% CI 1.33-1.63) for an episode of premature labour in general, and 
an aOR 1.41 (95% CI 1.16-1.72) for PPROM. Unexpectedly, women with 
adenomyosis showed lower prevalence of preterm birth (GA <37wk) with an 
aOR of 0.76 (95%CI 0.69-0.84) for PTB versus the general Dutch population.  
 
There was a significantly (P<0.001) higher prevalence of HDP in the 
adenomyosis groups versus the general Dutch population. Adenomyosis 
patients had a higher prevalence of all forms of HDP, including PIH, PE and 
HELLP/Eclampsia. The aOR for all HDP combined was1.37 (95% CI 1.25-
1.50). 
 
Women with adenomyosis showed a higher prevalence of FGR (0.5% more 
prevalent in the adenomyosis groups, p<0.001) and SGA infants (14.3% 
versus 10.8% respectively, p<0.001) versus the general Dutch population. An 
aOR of 1.15 (95% CI 1.07-1.25) was found for an SGA foetus.  
 
Women with adenomyosis showed significantly different outcomes with 
regards to progress of labour and mode of delivery. Women with 
adenomyosis had an aOR of 1.24 (95% CI 1.12-1.37) for failure to progress 
in labour in general when corrected for confounders. When stratifying this by 
stage of labour, specifically failure to progress in the second stage of labour 
remained statistically significant with an aOR of 1.24 (95% CI 1.12-1.37). 
Similarly, women with adenomyosis had a higher prevalence of PROM (>24 
hours) compared to the general population (aOR 1.35 (95% CI 1.23-1.48). 
No significantly higher prevalence for need for oxytocin stimulation was 
found, with similarly insignificant results for failure to progress in the first stage 
of labour.  
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Mode of delivery also differed significantly between groups. Women with 
adenomyosis diagnosis had an aOR of 1.73 (95% CI 1.61-1.85) for 
caesarean delivery in general, and aOR of 1.54 (95% CI 1.41-1.70) for 
emergency caesarean delivery. The majority of emergency caesarean 
deliveries (59.9% vs 53.4% for adenomyosis and the general population 
respectively) were carried out due to failure to progress. No significant 
difference was found for instrumental delivery. 
 
There was a lower prevalence of antepartum haemorrhage in the 
adenomyosis group versus the general Dutch population (1.5% lower in 
prevalence, p<0.001). Women with adenomyosis showed an increased risk of 
hyperemesis gravidarum (aOR 2.07 (95% CI 1.52-2.82)). Women with 
adenomyosis also experienced more miscarriages (30.4% vs. 26.4%, aOR 
1.53 (95% CI 1.44-1.62)).  
 
When looking at absolute values, no significantly increased prevalence of 
PPH could be found in the adenomyosis group (p= 0.194). When correcting 
for confounders however, a slightly increased risk for PPH was found in 
adenomyosis patients: aOR 1.23 (95% CI 1.10-1.38). Prevalence of 
endometritis was also increased in the adenomyosis group (aOR 1.70 (95% 
CI 1.02-2.82)).  
 
Women with adenomyosis showed an increased prevalence of placental 
retention, placenta previa, and placental abruption (see Table 2), however, 
only placenta previa and placental retention showed statistically significantly 
increased aORs when adjusting for confounders (aOR 2.13 (95% CI 1.36 – 
3.34) and aOR 1.28 (95% CI 1.10 -1.48) respectively).  When combining 
placental issues into a composite outcome, statistical significance remained, 
with a reported aOR 1.35 (95% CI 1.18-1.55), 
 
Several additional statistically significant differences were found between 
groups for other obstetric outcomes.  An increased prevalence of foetal 
malposition (i.e. non-vertex lie) was seen in the adenomyosis group versus the 
general population (aOR 1.37 (95% CI 1.27-1.47)). Likewise, women with 
adenomyosis showed a higher prevalence for pain relief during labour (aOR 
1.38 (95% CI 1.30-1.47)).  
 



 284 

Several significant differences between the adenomyosis group and the 
general population were also found with regards to neonatal outcomes (see 
Table 3, and Figure 2). Children born from women with adenomyosis 
diagnosis showed a slightly lower birthweight (3308g (±670g) vs. 3372g (for 
adenomyosis versus general population respectively, p<0.001); however, the 
median birthweight percentile was still within normal range (p50.06 vs 
p50.67. p<0.001).  
 
Women with adenomyosis showed a slightly increased prevalence of foetal 
distress during labour with an aOR of 1.13 (95% CI 1.03-1.23). No 
significant difference was found for presence of meconium-stained amniotic 
fluid (p=0.729). Likewise, no increased prevalence was found for neonatal 
mortality or low Apgar scores at birth (p>0.05), with neonates of women with 
adenomyosis also showing a lower prevalence of neonatal asphyxia 
(p=0.036). NICU admission was more common in the general population 
versus adenomyosis patients (17.2% versus 16.3% respectively, p=0.037).  
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DISCUSSION:  
In our study, prior pregnancy outcomes of 7,925 women with a 
histopathological diagnosis of adenomyosis were compared to 4,615,803 
women of the general Dutch population without adenomyosis. When 
corrected for common confounders, women with histopathological 
adenomyosis had an increased prevalence of HDP and SGA infants. 
Furthermore, women with adenomyosis more often had an emergency 
caesarean delivery, failure to progress and placental retention. There was no 
significantly increased risk for HELLP, eclampsia, placental abruption, 
operative vaginal delivery, or need for oxytocin stimulation.  

No previous studies have investigated progress of labour in women with 
histologically-proven adenomyosis. Adenomyosis is thought to affect uterine 
contractile function due to the associated disruption of the junctional zone, 
leading to symptoms such as dysmenorrhea and infertility (77,289) . Uterine 
contractile function is arguably most well-known in the context of the onset 
and progress of labour, where common obstetric complications may be 
associated with ineffectual contractions. It can therefore be hypothesized that 
adenomyosis in pregnancy leads to a higher risk of these obstetric outcomes.  

Aberrant (specifically, premature) uterine contractile function during 
pregnancy can also be related to premature birth (PTB). Past reported OR’s 
for PTB in women with adenomyosis have ranged from 1.96 (102) to as high 
as 24.53 (103). Strikingly, our study cannot confirm this finding, with a lower 
risk of preterm birth in the adenomyosis group as compared to the general 
population (aOR 0.76 (95% CI 0.69-0.84). The adenomyosis group did 
however show an increased risk for threatened preterm birth including 
PPROM and cervical insufficiency. Potentially, this discrepancy lies in 
differences in (past) Dutch management protocols of PPROM and premature 
labour compared to previously published studies, leading to a later 
gestational age at birth. Another potential explanation for the difference in 
the results, is that most existing studies included mainly assisted reproductive 
technology (ART) patients in their populations (290,291), in contrast to our 
study. This may be a confounding factor leading to higher incidence of PTB in 
previous studies (although most studies did correct for mode of conception).   

Hypertensive disorders of pregnancy are thought to arise from impaired 
implantation and placentation due to defective spiral artery development and 
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remodelling in this same junctional zone. Recent studies have suggested a link 
between adenomyosis and hypertensive disorders of pregnancy 
(4,81,281,291). Our study confirms this finding, with consistently higher 
aOR’s for most HDPs compared to the general population. Additionally, we 
report a higher prevalence of FGR and SGA infants in the adenomyosis 
population. This could be simultaneously attributed to impaired placental 
implantation in adenomyotic uteri, with subsequent placental insufficiency 
affecting foetal growth. 
 
Indeed, our results show a significantly increased prevalence of placental 
issues overall, be it malposition (i.e. previa) or problems with adherence (i.e. 
retention/abruption). The clearly higher prevalence of placenta previa (aOR 
2.129 (95% CI 1.355 - 3.344)) may be explained by placental implantation 
being impaired at the site of adenomyotic lesions (most often in the corpus of 
the uterus), leading to aberrant localization of placental tissue. Interestingly 
however, despite the increased prevalence of placenta previa, women with 
adenomyosis did not show increased prevalence of antepartum haemorrhage. 
Possibly this was underreported. Alternatively, aberrant placental localization 
and implantation could also have formed the impetus for adenomyosis 
development  in conjunction with the Tissue Injury and Active Repair (TIAR) 
theory as proposed by Leyendecker et al (9).  
 
Previous studies also support our results for neonatal outcomes, with 
comparable studies investigating neonatal outcomes reporting mildly 
significant or statistically insignificant results (81,94). It seems therefore that 
adenomyosis affects mostly the maternal and obstetric outcomes, without a 
clinically relevant effect on neonatal outcome.   
 
The results of our study support that women with subsequent proven 
adenomyosis more often experienced (prior) adverse obstetric outcomes. The 
diagnostic method referred to in this study – histopathological diagnosis 
mostly after hysterectomy – of course cannot be applied to pregnant women 
prospectively. However, the non-invasive diagnostic methods of transvaginal 
ultrasound and MRI can fairly accurately diagnose adenomyosis in the non-
pregnant uterus (29,34,45,182). Whether adenomyosis is present at the time 
of the pregnancy is not proven by our study, and warrants future studies using 
MRI and ultrasound to shed light on directionality and causality of these 
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relationships. Nevertheless, if clear signs of adenomyosis are present, it is 
worth contemplating high-risk obstetric management of these patients. One 
could advocate for these patients needing more frequent foetal growth 
monitoring, or aspirin use from the first trimester for instance. 

Further studies should investigate the effect of severity and type of 
adenomyosis on obstetric outcomes. Our study has confirmed that women 
with adenomyosis experience more obstetric and neonatal adverse outcomes, 
but this needs to be confirmed in prospective clinical studies. Subsequently, 
appropriate follow-up and adenomyosis treatments (hormonal, surgical or 
otherwise) can be assessed for their effect on obstetric complications.  

Our study has several important strengths. First, the use of large population-
based cohorts spanning a number of years, enabled us to conduct the largest 
study investigating this topic up to now. Moreover, this is the first study to use 
the gold standard of histologically confirmed adenomyosis. This gives our 
study a clear advantage due to the undisputed presence of adenomyosis in 
our study population. Third, contrary to the majority of existing studies, our 
study population includes both women who conceived naturally and used 
ART, making our conclusions more widely generalizable. 
 
Despite its strengths, this study does have important limitations which should 
be considered. First, when conducting studies with a large (imbalanced) 
population, there is a higher chance of receiving statistically significant results. 
One then has to consider whether this statistical significance immediately 
translates to clinical significance. Nevertheless, as our results are generally in 
line with the existing literature, and remain significant after correction for a 
large number of confounders, they should be taken as clinically relevant.  
 
Second, as only women with histologically confirmed adenomyosis were 
included, a potential bias may have been introduced. It is possible that 
women with more severe adenomyosis (symptoms) opt for operative over 
hormonal treatment, and are thereby able to receive histologically-confirmed 
diagnosis. Moreover, as not all women with adenomyosis undergo 
histological examination, the control group likely contains a substantial 
proportion of women with imaging-diagnosed adenomyosis. Hence, our 
results could be an over- (or under-) estimation of adenomyosis’ true 
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association with (adverse) pregnancy outcomes. We are however of the 
opinion that due to the (much) larger size of our control group versus the 
adenomyosis group, this effect will have been sufficiently minimized however. 
We purposefully selected a broad control group in order to as far as possible 
reflect obstetric outcomes in the general population versus those with certain 
adenomyosis (as opposed to for example controls without adenomyosis at 
hysterectomy, as this group would represent a selected population with an 
indication for hysterectomy in the first place).   
 
Despite the obvious benefits to using large and anonymized national 
databases, their use did introduce several constraints to the amount of patient 
information available. First, as visible in Figure 1, a large proportion of 
women with adenomyosis could not be linked to pregnancy outcomes. This is 
most likely due to limits regarding the years of available data and missing 
patient information. It is plausible that many women did experience 
pregnancies, but fell outside the study period. One could also hypothesize 
that as adenomyosis is linked to infertility (84,88,281), a large number of 
women with adenomyosis may not have been able to become pregnant in the 
first place, although this is purely speculative.   
 
Additionally, pathological reports gave little to no information on the type of 
adenomyosis, making it difficult to draw conclusions regarding the effect of 
adenomyosis severity on obstetric outcomes. Likewise, in the Perined registry, 
certain potential confounding factors such as BMI and smoking were not 
(well) reported. We attempted to correct for these confounders by using the 
proxy of low- socio-economic background. Other potentially relevant patient 
characteristics such as miscarriages and mode of conception were also not 
well reported.  

Conclusions: 

This is the largest study to assess adverse obstetric outcomes in women with 
adenomyosis diagnosis based on histopathology. Our results confirm that 
women with histologically proven adenomyosis exhibit a higher prevalence of 
adverse obstetric outcomes, particularly for hypertensive disorders, failure to 
progress in labour and placental issues. Future prospective studies should 
investigate the extent to which non-invasive methods of adenomyosis 
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diagnosis can be associated with adverse obstetric outcomes, and which 
treatments of adenomyosis adequately reduce the risk of obstetric 
complications.  
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In this thesis, we attempted to offer a wide view of the impact of adenomyosis 
on the uterine contractile and reproductive function. Starting with an 
exploration into its non-invasive diagnosis by way of MRI, we then continued 
to explore its possible effect on uterine contractility function, and end with its 
influence on fertility and obstetric outcomes. 
 
SUMMARY OF THE RESULTS OF THIS THESIS 
In Chapters 2 and 3, the diagnosis of adenomyosis using multiparametric MRI 
was explored. First, the existing literature of objective parameters used to 
diagnose MRI were summarised and assessed for their accuracy in 
diagnosing adenomyosis versus the golden standard of histopathology. A 
wide variety of classification systems and parameters have been used in the 
diagnosis of adenomyosis, with an overarching lack of uniformity. Overall, the 
most commonly used parameters involved the junctional zone (JZ), with cut-off 
values for its maximum diameter varying, but with 12 mm being most often 
used. When looking at the diagnostic accuracy of each parameter in a meta-
analysis, the parameters that performed best were a JZ over 12 mm 
(sensitivity 71.6%, specificity 85.5%) and the presence of myometrial cysts or 
high signal intensity foci (sensitivity 59.6% and specificity 96.1%). No one 
single parameter performed well across the board. Subsequently, in Chapter 
3 we developed a multivariate prediction model for adenomyosis diagnosis 
by MRI, based on the MRI parameters as described in Chapter 2 and using 
retrospective MRI and pathology data from a single centre. The final model 
performed well (AUC of 0.78), using a combination of five clinical and four 
MRI parameters. An external validation study using the same developed 
predictive model was conducted in Chapter 4, confirming good to excellent 
performance of the model in a different dataset (AUC 0.83). We concluded 
that it is most advisable to consider both patient and imaging characteristics 
for an accurate diagnosis of adenomyosis on MRI.  
After investigating the non-invasive diagnosis of adenomyosis, we looked 
further into how, and if, adenomyosis indeed affects the uterine function in 
terms of uterine contractility. Chapter 5 introduces a method to measure 
uterine peristalsis on 2D transvaginal ultrasound using speckle-tracking, 
showing its potential for clinical applicability in IVF patients. In Chapter 6, we 
attempted to define ‘normal’ uterine contractile function using a novel 
quantitative 2D speckle tracking method on TVUS in women with healthy, 
sonographically normal uteri. Here, we found that uterine contraction features 
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change according to menstrual cycle phase, and defined reference value 
ranges for all contraction features. Next, in Chapter 7, we evaluated the 
relevant literature to assess the existing evidence for if uterine contractility has 
been found to be affected by uterine abnormalities. The few available studies 
tended to be small, and used subjective and difficult to compare measurement 
tools. The majority of the studies did suggest that uterine contractile function is 
impaired in abnormal versus normal uteri in the natural menstrual cycle. 
Having established a baseline for healthy uterine contractile function, and 
examining the existing evidence for aberrant uterine contractility in abnormal 
uteri, we conducted a prospective observational cohort study in Chapter 8. 
We used the aforementioned 2D TVUS-based speckle tracking analysis 
method to evaluate uterine contractility features in women with adenomyotic 
uteri versus healthy controls throughout the menstrual cycle. Study results 
showed that uterine contractility shows most significant differences from 
healthy uteri in the periovulatory and luteal phases of the menstrual cycle for 
a variety of contractility features. In addition, specifically uterine contraction 
coordination seems most significantly impaired in adenomyosis patients 
compared to healthy controls, identifying this feature as a promising marker 
of normal uterine function.  
 
 
Chapters 9 and 10 examine if patients with adenomyosis on MRI have worse 
IVF/ICSI outcomes compared to male infertility controls. In Chapter 9, it is 
shown that women with combined endometriosis and adenomyosis disease 
have statistically significantly worse IVF/ICSI outcomes than controls. This can 
suggest that more severe disease has a proportionally more severe effect on 
IVF/ICSI success rates. Chapter 10 then delves deeper into which MRI 
markers may be specifically associated with the worst fertility outcomes. We 
observed that the added presence of (deep invasive) endometriosis and 
especially the presence of myometrial cysts is associated with fewer successful 
IVF/ICSI pregnancies.  
 
Finally, in Chapter 11, the association of adenomyosis with adverse obstetric 
outcomes is explored. In this retrospective population-based cohort study, the 
obstetric and neonatal outcomes of patients with histologically proven 
adenomyosis (based on hysterectomy) are compared to that of the general 
Dutch population. After correcting for relevant confounders, we found that 
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women with adenomyosis show an increased prevalence of a wide range of 
adverse obstetric outcomes, namely: hypertensive disorders of pregnancy, 
foetal growth restriction, placental issues, and labour progression issues 
leading to a higher number of caesarean sections.   
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CLINICAL IMPLICATIONS AND RELEVANCE 
- Objective 1: Accurate and objective MRI diagnosis for adenomyosis  

The diagnostic modality focussed on within this thesis has been the MRI 
diagnosis of adenomyosis. It should be said that we do not hereby mean to 
suggest that all patients with suspected adenomyosis should be referred for an 
MRI. The primary first line diagnostic method used in clinical practice still is, 
and should be, TVUS diagnosis. TVUS is more widely available, quicker, and 
cheaper than MRI, and should form the basis of initial clinical work-up. Due to 
the widely used and accepted MUSA criteria, TVUS has been shown to be 
reliable for adenomyosis diagnosis in many cases, especially with improving 
ultrasound quality and the availability of 3D transvaginal ultrasound (29).  
There also exists a recently developed multivariate prediction model for TVUS 
adenomyosis diagnosis showing a similar performance to our developed 
model (184). It cannot go unmentioned however, that the literature that has 
been published regarding TVUS diagnosis generally relates mainly to TVUS 
carried out by expert observers in specialised clinics. The diagnostic accuracy 
here likely does not reflect the accuracy of TVUS diagnosis by every general 
gynaecologist in daily practice. This leaves room for further improvement and 
investigation into objective and reproducible diagnostic modalities. .  
 
We hence chose to concentrate our research on MRI diagnosis as there are 
cases where ultrasound remains unclear, for example due to combined 
pathology, a (relatively) inexperienced observer, or need for extensive pre-
operative work-up (199,292). In cases such as these, MRIs are often 
performed, but adenomyosis diagnosis then becomes difficult due to the 
current lack of accepted diagnostic criteria. For this reason, we chose to 
attempt to close this knowledge gap by summarising the diagnostic criteria 
available. Moreover, we also investigated which of these criteria (with 
symptoms) were most promising for facilitating accurate MRI diagnosis with 
our multivariate prediction model. Future (prospective) studies should focus on 
the further validation and implementation of this model for adenomyosis 
diagnosis. It may also be possible to further improve upon the model, with the 
addition of further developing diagnostic markers in future, like texture 
analysis or elastography (293,294). Improving the useability of the model 
could also involve exploration the use of automated MRI measurement using 
AI tools for example.  
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One element of adenomyosis MRI diagnosis in particular, and imaging 
diagnosis in general, that has recently come into the debate is the 
(un)importance of the JZ. JZ thickness is by far the most often reported 
diagnostic criteria for adenomyosis on MRI (33,47), albeit with a  variety of 
cut-off values. It is also an important feature assessed as a part of the MUSA 
criteria on TVUS (197). Yet, in recent years, the concept of the uterine 
junctional zone as a physiological and anatomical entity has been put into 
question (45,198). We know that is a distinct visible element of uterine 
anatomy on both transvaginal ultrasound (TVUS) and MRI; however, it cannot 
be defined as such on histopathology (198).  The junctional zone also 
appears differently on TVUS and MRI begging the question which of the 
phenotypes is most clinically relevant. In addition, the reported cut-off values 
are repeatedly brought into question in the literature (45,95,98). It is 
generally accepted that the junctional zone or ‘endo-myometrial unit’ has a 
physiological function, especially in terms of uterine contractility, and hence 
most probably affects uterine reproductive function (46,73,111,148). 
Clinically, it is therefore arguably important to be able identify when it is 
(functioning) abnormal(ly), for example in the context of adenomyosis. As 
adenomyosis is known to invade or inhabit this region, it is thus logical that 
this is the area is where most imaging abnormalities are found. In this thesis, 
we did confirm that the junctional zone is an important diagnostic marker for 
adenomyosis (Chapters 3 and 4) with  irregularities and widening hereof 
showing a significant relationship with eventual histopathological 
adenomyosis diagnosis. Crucially however, we did not define a specific cut-off 
value for the JZ, finding instead that the relative irregularity and JZ thickness 
are of more importance than an absolute value.  
 
One overarching aspect that should be addressed in the context of 
adenomyosis diagnosis in general is the reliability of the gold standard of 
adenomyosis diagnosis – histopathology. As mentioned prior, diagnostic 
criteria for adenomyosis on histology in fact can also vary, and can differ 
depending on the pathologist. The eye of the pathologist, much like that of the 
radiologist, is also often (at least in part) lead by the indication and query 
supplied by the treating gynaecologist when examining tissue. If the 
gynaecologist does not ask the pathologist directly to look for adenomyosis, 
or does not supply them with the right clinical context for them to suspect its 
possible presence there is a risk for underreporting the diagnosis. The very 
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same can be said for radiologists when assessing MRIs for adenomyosis 
(295). The problem of underreporting in MRI diagnosis was baldly present in 
the results seen in Chapters 2 and 3, where accuracy of initial radiologist 
reported diagnosis of adenomyosis was much lower at approximately 60% 
rather than 78-80% touted in the literature. These facts should serve as the 
impetus for further standardisation of diagnostic criteria across the board in 
adenomyosis, and highlight the road that still needs to be travelled for 
accurate multi-modal diagnosis.  
 

- Objective Two: Measuring uterine contractility, and how adenomyosis 
affects it – proof of JZ involvement? 

The potential physiological function of the JZ in both healthy and adenomyotic 
uteri was investigated in Chapters 5, 6 and 8 by way of the objective 
assessment of uterine contractility. The novel 2D TVUS speckle tracking 
method employed in these studies both provides novel insights into the 
intricacies of the uterine function, and proves that it tends to follow a standard 
pattern of behaviour throughout the natural menstrual cycle. Our method 
assesses uterine movement specifically in the junctional zone area between 
the endometrium and myometrium. Chapter 8 goes further and supports that 
uterine abnormalities like adenomyosis may affect its integrity.  
 
Previous studies have suggested potential mechanisms as to how adenomyosis 
may affect uterine contractility in the JZ, but these aberrant contractions have 
not been visualised as such until our study (8,294). Uterine movement in 
adenomyosis is potentially disrupted due to a possible combination of 
anatomical, inflammatory and physiological changes in the junctional zone. It 
is as of yet unclear if these changes are a cause or an effect of the 
adenomyosis present, but they undoubtedly have an effect on the structure 
and function of the uterus as a whole. Anatomical changes of the JZ occur 
due to the proliferation of smooth muscle cells around adenomyosis implants 
(as seen on histology). Where present, these muscle fibre bundles, due to 
their disorganised structure, are not able to contract in as coordinated a 
fashion as in normal myometrium (297). It stands to reason that the more of 
the JZ and myometrial tissue that is affected (by adenomyosis), the more 
uncoordinated and aberrant uterine contractions then become, leading to 
dysperistalsis. Once the integral structure of the JZ is affected, a vicious cycle 
ensues, leading to disruption of the basilar membrane between the 
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endometrium and myometrium and increase in intracellular space, which then 
facilitates further infiltration of adenomyosis into the myometrium (297). The 
dysperistalsis is also thought to lead to a chronic local inflammatory reaction 
(298). What is not yet clear however, and is not yet specifically investigated 
in our reported studies, is which threshold of JZ involvement will lead to 
objectifiable aberrant contraction activity, and if it is indeed the case that 
more severe adenomyosis shows equally severely affected contraction 
activity.  
 
The two phases of the menstrual cycle showing the most significant differences 
in uterine contractility were the late follicular (or periovulatory) phase and the 
luteal phases. These two phases are arguably the most essential in terms of 
fertility, and aberrant uterine contractions here may well be an important 
aetiological mechanism behind sub- and in-fertility seen in adenomyosis 
patients.  
 
Potential can also be seen for using the specific uterine contractile profile 
observed in adenomyosis patients versus normal patients to be further 
developed for clinical use as a diagnostic tool (for example in patients with 
symptoms suggestive of adenomyosis but with inconclusive imaging). We also 
hypothesise that uterine contractility most likely is affected by hormonal 
therapeutic agents used to treat adenomyosis symptoms. We then could take 
this method further and perhaps be able to assess changes in uterine 
contractility over time, and provide a therapeutic assessment tool. These 
applications are however still speculative - the speckle-tracking method 
employed is not yet useable for daily practice as additional validation and 
implementation studies should be carried out. As shown in Chapter 5, the 
method has proven to be reliable in terms of inter and intra-observer 
variability. Strides do still need to be made regarding the ease of the speckle 
tracking analysis, with real-time analysis during the TVUS procedure not yet 
feasible. Future (external) studies with larger populations should validate the 
results of the TVUS speckle-tracking method in the currently investigated 
patient groups.  
 
The speckle tracking method could also be easily applied to other uterine 
abnormalities. As seen in Chapter 7, uterine leiomyoma’s, endometritis, and 
congenital uterine anomalies are also most likely associated with aberrant 
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uterine contractility compared to healthy controls (albeit using different 
measurement methods). It remains to be researched how the uterine 
contractions associated with these different uterine abnormalities compare to 
those affected by adenomyosis versus healthy controls. We thus open up an 
avenue into the quantification of uterine contractility as an added marker of 
(ab)normal uterine function in the domain of gynaecological research and, 
perhaps one day, in gynaecological standard examinations.  
 

- Objectives Three and Four: Adenomyosis and its effect on fertility and 
obstetric  outcomes 

Having established that adenomyosis can be diagnosed reliably and non-
invasively, and that adenomyosis seems to affect a core element of uterine 
function by way of its effect on the uterine myometrial activity, we then 
assessed if this is indeed reflected in terms of reproductive outcomes.  
 
When looking at adenomyosis-specific imaging markers, only the presence of 
myometrial cysts was significantly associated with worse IVF/ICSI outcomes in 
Chapter 10. A specific adenomyosis subtype as such could not be 
significantly associated with worse IVF/ICSI outcomes in our study. A variety 
of recent studies have suggested certain subtypes of adenomyosis to be 
associated with worse outcomes, but these studies are conflicting, with some 
suggesting an association with focal and others with diffuse adenomyosis. 
However, answering this query is not easy as there is still no uniform 
consensus on adenomyosis subtypes in general, and MRI diagnostic criteria in 
particular. This makes comparing and summarising the available literature 
difficult, as available studies often use different diagnostic criteria and 
categorisations. More attention is being given to the probable importance of 
adenomyosis and fertility outcomes. The hope is that, in time, a consensus will 
be reached as to not only which MRI diagnostic markers are most leading, but 
also what their clinical consequences could be. A consensus meeting with 
Delphi procedure of relevant experts is something which could aid and 
streamline this process. This has in fact already been done for adenomyosis 
ultrasound criteria (197), and for outcome reporting in uterus-sparing 
adenomyosis treatments (299), and paves the way for further strides in the 
field regarding adenomyosis on MRI and fertility outcome reporting.  
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In Chapters 9 and 10, results showed that it was women with both 
adenomyosis and endometriosis that had worse IVF/ICSI outcomes compared 
to women with only adenomyosis or endometriosis (also compared to male 
factor controls). As endometriosis and adenomyosis are often found together 
(50%-70% prevalence of combined disease in our study populations alone) it 
is difficult to separate the influence of adenomyosis from that of endometriosis. 
It is also still debated whether adenomyosis affecting the outer myometrium 
should be seen as external endometriosis invading the uterine wall, or as 
adenomyosis with a more atypical location. The challenge in answering this 
question is compounded by the fact that histologically both entities are similar 
(300). It is difficult, if not impossible, in the absence of hysterectomy, to 
absolutely exclude the presence of one disease in the presence of the other. 
Adenomyosis is in fact seen by many as an entity sharing physiological 
mechanisms with endometriosis (194,296,301), and should and could be 
seen as a subtype of endometriosis rather than a separate disease in and of 
itself. Having combined disease represents a patient population with a more 
widely affected reproductive system by the same disease process (ovarian 
function being affected by endometrioma’s and uterine function by 
adenomyosis), and this logically leads to worse reproductive outcomes 
overall. It is also possible that these patients may exhibit characteristics that 
lead them to be more susceptible to severe endometriosis/adenomyosis in the 
first place (i.e. immune or genetic factors) which may in turn also affect their 
fertility. The two diseases should therefore be seen as part of a continuum or 
spectrum of disease, where their impact is assessed together.   
 
We hence advocate that clinicians should be aware that when (sub-fertile) 
patients are diagnosed with one of the two diseases, conscious effort should 
be made to exclude or confirm that presence of either concomitant 
endometriosis or adenomyosis. Our results are in line with the theory that 
these patients constitute a group of with a high IVF/ICSI failure rate, and they 
should be appropriately counselled for this eventuality. Individualised 
(medical or surgery) treatment protocols could also be a possibility in this 
group. Research up to now has not yet convincingly shown which (pre-) ART 
treatment protocol is most effective in adenomyosis patients (302). Further 
prospective studies should be conducted, and specific guidelines for this group 
of patients do not yet exist.  
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Finally, the higher rate of adverse obstetric outcomes in adenomyosis patients 
as reported in Chapter 11 should not be ignored. Further research of a 
prospective nature is warranted to confirm that adenomyosis patients could be 
seen as ones with high(er) risk pregnancies. If our findings are confirmed, one 
could argue for women with (suspicion) of adenomyosis qualifying for 
additional (foetal growth) monitoring during pregnancy for instance, or 
having an indication for aspirin use. In the Dutch context specifically, women 
with adenomyosis or endometriosis may also be advised against home births.  
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STRENGTHS AND LIMITATIONS 
We are of the opinion that the research conducted as a part of this thesis has 
several strengths which make its results valuable and of interest for 
gynaecological practice. The majority of the studies conducted in the context 
of this thesis included patient data from a regional referral centre of expertise 
for endometriosis care, meaning access to a wide range of (complex) patient 
data and a larger than average eligible patient population. Additionally, 
regarding the diagnosis of adenomyosis, the developed prediction model was 
based on an exhaustive and expansive investigation of the available 
literature, using valid statistical methods. A preference was also given to 
objective measurements (excepting patient-reported symptoms) of 
adenomyosis on MRI, to make the diagnosis as reproducible and accurate as 
possible. The resultant prediction model then showed good performance in 
the patient population used, and shows promise for clinical applicability.  
 
The broad scope of this thesis regarding not only the diagnosis but also the 
potential reproductive clinical impact of adenomyosis, means that we give a 
clear indication of the wide-ranging effect adenomyosis may have on the 
women that suffer from it. We also offer a new method for the assessment of 
how adenomyosis could affect uterine function in terms of an ultrasound-based 
quantitative assessment of uterine contractile function. We thus present an 
innovative and promising new measurement tool which has the potential to 
become a relevant assessment method of normal and abnormal uterine 
function in the context of fertility, but also symptomatology and treatment 
success.  
 

- Limitations 
The studies presented in this thesis admittedly have several limitations that 
should be considered when interpreting their results. First and foremost, the 
majority of chapters include retrospective analysis of patient data. This 
research design is classically considered more prone to forms of bias such as 
selection bias. Furthermore, there is a higher level of missing data as we are 
dependent on what has been reported in the patient files. MRI is not (always) 
part of standard work up procedures in (Dutch) endometriosis care, meaning 
that the conclusions drawn here based on MRI data cannot necessarily be 
extrapolated to the general (suspected) endometriosis patient visiting any 
outpatient clinic. In this vein, many of the patients included in the studies 
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reported in this thesis may constitute patients that have a long(er) history of 
complex combined disease, which may influence our results in general. 
Moreover, it is arguably not always necessary to conduct an MRI where 
adenomyosis is clearly able to be diagnosed on ultrasound. Which patient 
populations would ideally be suited to undergoing MRI diagnosis, and would 
most benefit from the clinical prediction model presented in this thesis, was not 
explored here. 
 
Chapters 5, 6 and 8, investigating uterine contractility in women with healthy 
and adenomyotic uteri, have relatively small study populations due to the use 
of a new analysis method of uterine contractility. This means that generalising 
the results garnered here, and the hypothesis as to their clinical relevance, to 
adenomyosis patients in general is still theoretical and needs to be validated.  
Similarly, the review in Chapter 5 also includes studies with small numbers 
and heterogenous study design, due to the topic of uterine contractility still 
being a developing field.  
 
In Chapters 9 and 10 looking into IVF/ICSI outcomes, it is a possibility that 
the control group may contain (some) women with undiagnosed adenomyosis 
or endometriosis. Almost none of the women in the control group underwent 
MRI due to there not being an indication; therefore, we cannot discard the 
possibility that some of these women may have had (mild) adenomyosis or 
endometriosis present. This could mean that the results could be an 
underestimation of the true difference in outcomes. It should also be noted 
that it is not standard procedure for women with suspected endometriosis or 
adenomyosis to undergo an MRI. This introduces the possibility that the 
women in the study groups might have had more severe symptoms and adds 
element of selection bias in our study group. Our results could then 
alternatively potentially overestimate the true effect of 
adenomyosis/endometriosis on IVF/ICSI outcomes. Another relevant aspect 
that should be considered is the inclusion of only patients undergoing their 
first, fresh embryo transfer. The fact that worse outcomes are seen at this 
stage of the treatment does not necessarily mean that these patients could not 
achieve pregnancy at all. In fact, some studies suggest that frozen embryo 
transfer in the natural cycle (303–305) may lead to more clinical pregnancies 
in endometriosis and/or adenomyosis patients, something which we did not 
investigate. 
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CONCLUSIONS 
Overall, the results of this thesis support that adenomyosis can be diagnosed 
accurately on MRI, but also that it is important to do so as adenomyosis may 
well affect the whole reproductive process and function of the uterus. Uterine 
function first seems impaired in terms of fertility and obstetric outcomes, with a 
higher risk of miscarriage, infertility, and complications during pregnancy. In 
addition, the muscular function of the uterus as a whole is affected with 
aberrant contractile activity seen. Furthermore, we proffer that adenomyosis 
and endometriosis are part of a spectrum of the same disease, and patients 
with signs of both diseases are also the patients with the worst reproductive 
outcomes.   
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Oral Abstract: 
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H. A., & Schoot, B. C. Women with combined adenomyosis and endometriosis 
on MRI have worse IVF/ICSI outcomes compared to adenomyosis and 
endometriosis alone: A matched retrospective cohort study.  
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bedanken om mij de kans te hebben gegeven om in opleiding tot 
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Aan alle mede-assistenten, verloskundigen, verpleegkundigen en poli-
medewerkers tijdens mijn tijd in het Catharina. Dank zij jullie heb ik 
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vooral ben ik heel dankbaar voor de gezelligheid op de werkvloer! 
Jullie hebben al het werk duizend keer makkelijker gemaakt. 
 
Lieve echoscopisten van het Catharina, lieve Peggy, Esmee, Anke, 
Manita, Jeanine, jullie hebben mij in het hele begin leren de 
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te kunnen doen! Ik ben jullie allemaal ook heel erg dankbaar dat jullie 
de diverse studenten ook hebben kunnen opleiden! Tegenwoordig is 
het minder echo’s, maar vooral meer koffies (en wijntjes). Jullie 
maakte een poli-dag altijd gezelliger! 
 
Aan alle gynaecologen in het Cathrien, ik ben jullie een voor een 
allemaal zo dankbaar voor een leerzame, waardevolle en ook hele 
gezellige onderzoeks- en opleidingstijd in het CZE. Dank jullie wel 
allemaal om mij zo thuis te laten voelen, en mij te helpen ontwikkelen 
tot gynaecoloog. Ik ben heel erg blij dat ik voorlopig toch nog net 
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Lieve Celine, Kelly en Nienke, als mijn voorgangers als promovendi 
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eerste voor al het werk wat jullie al gedaan hadden. Dank zij jullie 
voorwerk was er zo’n goede basis om op te bouwen om mijn promotie 
voor te zetten. Dank jullie wel dat jullie altijd bereidt waren om mijn 
vragen te beantwoorden en ervaringen te delen!  
 
Zo veel dank aan alle de studenten die in de afgelopen jaren mee 
hebben gedaan aan het onderzoek dat deel uitmaakt van dit 
proefschrift. Iris Rupert en Sehriban Kocyigit, als mijn eerste studenten 
ben ik heel dankbaar voor jullie ongelooflijk harde werk and mooie 
prestaties in zo’n korte tijd! Anna de Boer, Blijke Wessels. Marloes 
van de Wiel, Cynthia Klaassens en Sophie Thomas, al was het 
honderden MRIs bekijken, of het WAVES project in leven houden, ben 
ik jullie allemaal zo dankbaar voor jullie gezelligheid en flexibiliteit. Ik 
zou geen leukere club dames kunnen bedenken om uren in de kelder 
(of op congres) mee door te brengen! Dit proefschrift is ook van jullie!  
 
Malou, inmiddels dr. Gelderblom (!), vanaf dag 1 klikte het, ik kan 
altijd op jouw rekenen voor eerlijke feedback en een vrolijk gezicht. Je 
bent een topper!  
 
Marjolein en Phyllis, beste dr Hermens en dr van de Ploeg, wij zijn in 
2019 samen in het noodgebouw begonnen en dank zij jullie heb ik mij 
(ondanks de lockdown) mij meteen thuis kunnen voelen als nieuwe 
arts-onderzoeker in het CZE. Inmiddels zijn we alledrie klaar met onze 
promoties, en AIOS, wie had dat gedacht! We hebben het gered!  
 
Kelder dames: Cynthia, Caroline, Annelouke, Anne, Charlotte, het is 
altijd zo fijn geweest om op mijn compensatiedagen de kelder in te 
komen en bekende gezichten te zien! Het is zo inspirerend en 
motiverend om samen te zitten met mensen die zulk gepassioneerd 
werk verrichten.  
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Lieve cat ladies: Sterre, Laura en Astrid, ik kan altijd op jullie rekenen 
voor een afleiding van het werk middels de zeer productieve katten 
foto uitwisseling! Ik hoop dat onze app groep nog vele jaren zal 
bestaan. Op nog vele memes en nog veel meer wijntjes!  
 
Beste gynaecologen, en vroedvrouwen van het ZOL Genk. Ik heb bij 
jullie in mijn eerste jaar als assistent zo veel mogen leren en groeien 
als arts, en ben heel dankbaar voor jullie geduld, feedback en steun. 
Ik ben heel blij dat ik dit jaar weer naar Genk mocht terugkomen om 
verder als assistent te kunnen werken.  
 
Lieve mede-assistenten van het ZOL van beide lichtingen. Een deel 
van jullie heeft mij als groene assistent opgeleidt en ondersteund, en 
het andere deel zijn mijn heerlijke huidige collega’s. Ik heb zo veel 
geluk gehad met zulke fijne mensen, waar we altijd op elkaar kunnen 
steunen. 
 
Dr Browne, Lieve Joyce. Jou wil ik specifiek bedanken voor mij als 
bachelor student zo snel  enthousiast te maken voor onderzoek doen 
binnen de gynaecologie en obstetrie. Het is dankzij jouw enthousiasme 
en toewijding dat ik wist dat ik wilde gaan promoveren. Zonder jou als 
voorbeeld was ik nooit tot dit punt geraakt. Ik hoop nu, en in de 
toekomst jouw voorbeeld te blijven volgen als wetenschapper en als 
(stage)begeleider! 
 
Al mijn mede-SUMMA’s, in het bijzonder Irene, Lyanne, Lisanne, 
Lars, Me Julie, Noor, Amanda, ik ben zo trots op waar iedereen nu 
staat! Wij zijn begonnen als over-ijverige SUMMA studenten, en nu is 
iedereen bezig met hun dromen waar maken.  Op naar de volgende! 
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in Tokyo, you gave me a thirst for learning and also allowed me to 
enjoy the process. Without all of your guidance and example I would 
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Dear Harry, I’m so glad we found each other right at the beginning of 
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Joos, my tamago, my sister (pronounced as Ms Santa Maria would), 
you’re the reason I became interested in researching endometriosis in 
the first place. I’m so proud of everything you’ve gotten through, and 
even though I’m taller than you, you really are the stronger twin. 
 
Mam, Mother, nu mag je me echt Dr Connie gaan noemen als je wilt, 
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Als laatste wil ik alle vrouwen die mee hebben gedaan met de diverse 
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CHAPTER 2 
2A. Search Strategy: 
((adenomyosis OR ‘uterine adenomyosis’ OR adenomyoma* OR 
‘endometriosis interna’ OR adenomyosis [MeSH Terms/EmTree]))  
AND  
(MRI OR MR OR magnetic resonance imag* OR MRI [MeSH Terms/Emtree]) 
NOT  
(Gallbladder) 
Filters: Human  
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2B. Data extraction tables  
The following data was extracted from the included relevant studies. 
 
Table 2.S1 Data Extraction Table 

Studies Investigating Diagnostic Accuracy of MRI vs Histopathology 
Authors, year  
Study design e.g. retrospective/prospective cohort, pilot, feasibility, 

interventional, observational 
Study objective e.g. diagnostic accuracy, treatment evaluation, 

differentiating adenomyosis vs fibroids 
Study population (N)  
Study inclusion criteria e.g. symptomatic women receiving surgery,  
Study exclusion criteria e.g. using hormonal therapy, post-menopausal 
Comparison groups e.g. with adenomyosis vs. without adenomyosis (if 

applicable) (MRI vs. TVUS etc.) 
Adenomyosis definition used on MRI e.g. JZ >12mm on MRI, histopathological diagnosis, TVUS 

MUSA criteria, clinical symptoms 
MRI slice thickness (mm) e.g. 3mm, 4mm 
MRI systems used and manufacturer e.g. 1.5T, 3T 
MRI sequences/techniques/settings used e.g. T1/T2/DWI/DTI/T1-contrast-enhanced 
All MRI features investigated Signal intensity, JZ irregularity, JZ thickness etc. 
Objectified MRI features e.g. JZ thickness, JZ diff, JZ-Myometrium ratio etc., uterine 

size, lesion size, apparent diffusion coefficient 
Evaluation by experienced radiologist? Y/N 
MRI (re-)evaluated during the study or previous 
evaluation used? 

e.g. MRI evaluated during study, MRI conclusion used 
retrospectively (not validated)  

Multiple (blinded) radiologist evaluation? Y/N 
Menstrual cycle accounted for? e.g. MRI only conducted in proliferative phase 
Histopathological Reference diagnosis made Y/N 
Pathological definition of Adenomyosis e.g. 1/3 myometrial invasion, 2 fields invasion etc. 
Type of tissue sampled Hysterectomy or biopsy? 
Experienced (multiple) pathologists evaluating 
tissue? 

 

Diagnostic accuracy investigated Which element most accurate? 
Outcomes measured e.g. Symptom severity, menstrual blood volume, pain, 

change in uterine volume 
Results of Adenomyosis characteristics on MRI e.g. mean JZ thickness, mean uterine volume, # diffuse 

cases, # focal cases,  
Adenomyosis-related Results E.g. correlation with symptom reduction y/n, reduction in 

JZ thickness, degree of uterine volume reduction, 
diagnostic accuracy/specificity/sensitivity 

Number of adenomyosis diagnosis on MRI N= 
Number of adenomyosis diagnosed on 
histopathology 

N= 

  
Comments If any 

QUADAS-II Quality Assessment 
a. Patient selection 



 
 v 

Method of patient selection Random, consecutive, retrospective, prospective 
Included patients Inclusion criteria 
Consecutive of random patients enrolled? Yes/no/unclear 
Case-control design avoided? Yes/no/unclear 
Inappropriate exclusion avoided? Yes/no/unclear 
Bias in patient selection process? High, low, unclear (bias type?) 
Do the included patients match the review 
question? 

High, low, unclear 

b. Index Test (i.e. MRI) 
MRI method MRI sequences used 
MRI interpretation Multiple radiologists? Experienced radiologists? 
Blinded to result of histopathology? Yes/no/unclear 
Pre-specified definition for adenomyosis on 
MRI? 

Yes/no/unclear 

Potential for bias in MRI interpretation? High, low, unclear (bias type?) 
Does the application of the MRI match the 
research question? 

High, low, unclear 

c. Reference Standard 
Histopathological adenomyosis definition  Which cut-off/definition used? 
Interpretation of histopathology Multiple pathologists? Experienced pathologists? 
Likely to have correctly identify adenomyosis 
using this method? 

Yes/no/unclear 

Blinded to MRI diagnosis? Yes/no/unclear 
Potential for bias in histopathological 
diagnosis? 

High, low, unclear (bias type?) 

Does the application of the histopathological 
diagnosis match the research question? 

High/low/unclear 

d. Patient Flow and Timing 
Any patients that did not receive MRI or 
pathology or excluded from 2 x 2 table? 

Yes/no, with number and reason(s) 

Interval/intervention between MRI and 
histopathological diagnosis 

If specified, months/days 

Appropriate interval between MRI and 
histopathology? 

Yes/no/unclear 

All patients received (the same) histopathology 
diagnosis? 

Yes/no/unclear 

All patients included in analysis? Yes/no/unclear 
Potential for bias in patient flow? High/low/unclear 

For the studies investigating diagnostic accuracy 2 x 2 Tables were constructed 
in RevMan extracting the following information: 
 
Table 2.S2 Empty 2 x2 Tables 

 Histopathology+ Histopathology- 
MRI+ n n 
MRI- n n 
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Table 2.S3 Empty Diagnostic Accuracy Parameters Table 

Article Sensitivity (%) Specificity  (%) NPV (%) PPV (%) 
Author, Year     

 
Table 2.S4 Data Extracted for Studies not investigating Diagnostic Accuracy 

Studies not investigating Diagnostic Accuracy 
Authors, year  
Study design e.g. retrospective/prospective cohort, pilot, feasibility, 

interventional, observational 
Study objective e.g. diagnostic accuracy, treatment evaluation, differentiating 

adenomyosis vs fibroids 
Study population (N)  
Study inclusion criteria e.g. symptomatic women receiving surgery 
Study exclusion criteria e.g. using hormonal therapy, post-menopausal 
Comparison groups e.g. with adenomyosis vs. without adenomyosis (if applicable) 

(MRI vs. TVUS etc.) 
Adenomyosis definition used e.g. JZ >12mm on MRI, histopathological diagnosis, TVUS MUSA 

criteria, clinical symptoms 
MRI slice thickness (mm) e.g. 3mm, 4mm 
MRI systems used e.g. 1.5T, 3T 
MRI sequences/techniques/settings used e.g. T1/T2/DWI/DTI/T1-contrast-enhanced 
All MRI features investigated Signal intensity, JZ irregularity, JZ thickness etc. 
Objectified MRI features JZ thickness, JZ diff, JZ-Myometrium ratio etc., Apparent Diffusion 

Coefficient 
Outcomes measured e.g. Symptom severity, menstrual blood volume, pain, change in 

uterine volume 
Results of Adenomyosis characteristics on 
MRI 

e.g. mean JZ thickness, mean uterine volume, # diffuse cases, # 
focal cases,  

Adenomyosis-related Results E.g. correlation with symptom reduction y/n, reduction in JZ 
thickness, degree of uterine volume reduction, diagnostic 
accuracy/specificity/sensitivity 

Comments  
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 2C
 Study C

haracteristics of Included Studies 
Table 2.S5 Study C

haracteristics of D
iagnostic A

ccuracy Studies  

A
uth

ors, 
Year 

Study 
D

esign 
Study 
objective 

Study 
populatio
n (N

) 

Study 
Setting 

Study 
inclusion 
criteria 

Study 
exclusion 
criteria 

M
RI A

denom
yosis 

definition used 
M

RI 
M

anufacture
r,  Settings 
and 
Param

eters  

M
RI features 

investigated 
H

istopathologica
l definition of 
adenom

yosis 
used 

A
sch

er et 
al. 
199
4(12
0)  

Prospectiv
e diagnostic 
study 

To 
com

pare 
conventio
nal spin-
echo M

RI  
and TV

U
S 

for the 
diagnosis 
of 
adenom

y
osis 

20 
w

om
en 

w
ith 

clinically 
suspected 
adenom

y
osis 

U
niver

sity 
H

ospit
al 
(U

SA
) 

A
denom

yosis 
suspected on 
the basis of 
unexplained 
pelvic pain, 
m

enorrhagia 

Evidence of 
leiom

yom
a at 

physical 
exam

ination 

A
 m

yom
etrial m

ass 
w

ith indistinct 
m

argins of 
prim

arily LSI w
ith 

all sequences O
R 

diffuse or focal 
w

idening of the JZ  
(>5m

m
) on T2W

, 
fast T2W

 SE 
im

ages, and C
E 

T1W
 im

ages. 
Presence of H

SI foci 
w

as used as an 
ancillary finding  

M
anufacturer

: Siem
ens 

Im
pact or 

SP4000 
 System

: 
1.0T or 1.5T 
 Slice 
Thickness: 
5m

m
 

 Sequences: 
T2W

, T1W
, 

T1 
gadolinium

 
C

E 

JZ thickness, H
SI 

foci 2(unclear if on 
T2 or T1), JZ 
irregularity, 
adenom

yosis type 

Endom
etrial 

glands and 
strom

a  
> 2.5 m

m
 below

 
the endom

etrial 
surface 



 
viii 

Bada
w

y 
et al. 
201
4 (118
)  

Prospectiv
e cross-
sectional 
study 

To study 
the 
m

andator
y indication
s and 
accuracy 
of M

RI for 
the 
diagnosis 
of 
uterovagi
nal lesions 
associate
d w

ith 
fem

ale 
infertility 

54 
infertile 
w

om
en 

w
ith 

inconclusi
ve 
uterovagi
nal lesions 
of 
TV

U
S/H

S
G

 

U
niver

sity 
H

ospit
al 
(Egypt
) 

A
ll infertile 

patients w
ith 

uterovaginal 
lesions, 
except 
intracavitary 
lesions, that 
w

ere not 
conclusively 
diagnosed 
by H

SG
 and 

TV
U

S w
ere 

included in 
the study. 

C
hronic renal 

im
pairm

ent, 
allergy to the 
contrast 
m

edium
. 

pacem
akers, 

cochlea 
im

plants, 
jew

ellery of 
any 
kind and 
certain 
m

etallic 
objects  

N
o clear definition 

of adenom
yosis on 

M
RI prior to 

diagnosis 

M
anufacturer

: G
E Signa 

 System
: 

1.5T 
 Slice 
Thickness: 
5m

m
 

 Sequences: 
T1W

, T2W
, 

STIR, T1 
gadolinium

 
C

E 

Signal intensity, 
shape, site, size, 
pattern of 
enhancem

ent of 
lesions and their 
relations to 
surrounding 
structures. 
A

denom
yosis: JZ 

thickness, uterine 
enlargem

ent, 
presence of H

SI 
foci (on T1 and T2), 
irregular LSI m

ass 

N
R 

Bazo
t et 
al. 
200
1 (125
)  

Prospectiv
e diagnostic 
study 

To 
com

pare 
accuracy 
of TV

U
S 

to M
RI  

for 
diagnosis 
of 
adenom

y
osis, and 
to 
correlate 
im

aging 
w

ith 
histologic
al findings 

120 
patients 
referred 
for 
hysterecto
m

y 

Region
al 
hospita
l (Franc
e) 

Referred for 
hysterectom

y 
Lack of 
TV

U
S/M

RI 
for technical 
or pain 
reasons, 
cancelled 
surgery, 
conservative 
surgery 
instead of 
hysterectom

y
, endom

etrial 
resection 

(i)large, regular, 
asym

m
etric uterus 

w
ithout leiom

yom
a, 

(ii) JZ m
ax>12m

m
 

and/or ill-defined 
LSI m

yom
etrial 

area,  
(iii) JZ/M

yom
etrium

 
ratio >40%

,  
(iv) H

SI foci on 
T1/T2 

M
anufacturer

:  Phillips 
G

yroscan, 
Phillips 
O

r 
Siem

ens 
M

agnetom
 

V
ision 

 System
: 

1.5T 
 Slice 
Thickness: 
5m

m
 

 Sequences: 
T2W

, T1W
 

JZ thickness, 
JZ/M

yom
etrium

 
ratio, JZ 
irregularity, H

SI 
foci (on T1 and/or 
T2), adenom

yosis 
localisation, type, 
uterus size, 
presence of fibroids 
or other uterine 
abnorm

alities 

M
acroscopic: 

Enlarged uterus 
and a dense 
anarchically 
fasciculated 
unlim

ited 
m

yom
etrium

 w
ith 

sm
all cavities (5-

10m
m

)   
 M

icroscopic:  
Presence of 
ectopic 
endom

etrial 
tissue w

ithin 
m

yom
etrium

 
2.5m

m
 beyond 

the endom
etrial/ 



  
ix 

m
yom

etrial 
junction.  

Bazo
t et 
al. 
200
3 (124
)  

Prospectiv
e inter-
observer 
variability 
study 

To 
evaluate, 
in 
addition 
to turbo 
spin-echo 
(TSE) 
T2W

 
sequences
, the 
accuracy 
of breath-
hold fast 
sequences 
using 
turbo 
inversion 
recovery 
and true 
fast 
im

aging 
w

ith 
steady-
state free 
precessio
n (FISP) 
for the 
diagnosis 
of 
adenom

y
osis, and 

56 
patients 
w

ho 
underw

en
t hysterecto
m

y 

U
niver

sity 
H

ospit
al 
(Franc
e) 

W
om

en that 
underw

ent 
M

RI w
ith TSE 

T2W
, turbo 

inversion 
recovery and 
true FISP 
sequences. 
Patients 
undergoing 
hysterectom

y 
due to 
m

enorrhagia, 
post-
m

enopausal 
bleeding, 
adnexal 
m

asses, 
genital 
prolapse and 
cervical 
intraepithelial 
neoplasia 

Patients not 
undergoing 
hysterectom

y
, cases 
involving 
M

RI w
ithout 

turbo spin-
echo T2W

, 
turbo 
inversion 
recovery and 
true FISP 
sequences 

JZ > 12 m
m

 or an 
ill-defined LSI area 
of m

yom
etrium

 or 
punctate H

SI 
m

yom
etrial foci.  

M
anufacturer

:  Siem
ens 

M
agnetom

 
V

ision 
 System

: 
1.5T 
 Slice 
Thickness: 
5m

m
 

 Sequences: 
T2W

 TSE 

JZ thickness, uterine 
location and size, 
cavities in 
m

yom
etrium

, 
presence of 
punctate H

SI 
m

yom
etrial foci (on 

T2) 

M
acroscopic: 

Enlarged uterus 
and a dense 
anarchically 
fasciculated 
unlim

ited 
m

yom
etrium

 w
ith 

sm
all cavities (5-

10m
m

)   
  M

icroscopic:  
Presence of 
ectopic 
endom

etrial 
tissue in the 
m

yom
etrium

 
located 2.5 m

m
 

beyond the 
endom

etrial–
m

yom
etrial 

junction 



 
x 

intra- and 
inter-
observer 
variability  

D
ueh

olm
 

et al. 
200
1 (122
)  

Prospectiv
e diagnostic 
study 

To 
com

pare 
the 
diagnostic 
potential 
of M

RI 
and TV

S 
in the 
diagnosis 
of 
adenom

y
osis 

106 pre-
m

enopaus
al patients 
undergoin
g hysterecto
m

y for 
benign 
disease 

U
niver

sity 
H

ospit
al 
(D

enm
ark) 

Pre-
m

enopausal 
patients 
undergoing 
hysterectom

y 
for benign 
disease 

Previous 
trans-cervical 
endom

etrial 
resection, 
m

alignant 
diagnosis, 
and acute or 
subacute 
indication for 
hysterectom

y 

D
iffuse 

A
denom

yosis: 
JZ M

ax >15 m
m

   
O

R 
JZ of 12–15 m

m
 

w
ith non-uniform

, 
thickened JZ or 
focal not w

ell-
dem

arcated H
SI or 

LSI areas in the 
m

yom
etrium

 

M
anufacturer 

G
E Signa, or 

Phillips 
G

yroscan 
System

: 
1.5T 
Slice 
Thickness: 
4m

m
 

Sequences: 
T2 

JZ uniform
ity, JZ 

M
in, JZ M

ax, JZ 
D

iff, U
terus volum

e, 
adenom

yosis lesion 
size, presence of 
H

SI foci on T2 

Presence of 
endom

etrial 
glands or 
strom

a >2m
m

 
deep in the 
endom

etrial–
m

yom
etrial 

junction  

H
am

i
m

i et 
al. 
201
5 (117
)  

Retrospect
ive 
diagnostic 
cohort 
study 

To define 
the m

ost 
accurate 
signs for 
diagnosis 
of uterine 
adenom

y
osis using 
TV

U
S and 

M
RI  

60 
w

om
en 

referred 
for M

RI 
w

ith 
suspicion 
of 
adenom

y
osis 

U
niver

sity 
H

ospit
al 
(Egypt
) 

Fem
ale 

patients w
ith 

abnorm
al 

uterine 
bleeding in 
the fertile 
period 

Recent 
abortion, 
pregnancy, 
m

alignant 
gynaecologic
al disease, or 
under 
horm

onal 
therapy 

Intram
yom

etrial 
cyst(s) 
H

eterogeneous 
m

yom
etrium

  
JZ thickness  
>12m

m
  

M
anufacturer 

Siem
ens, 

A
vanto 

System
: 

1.5T 
Slice 
Thickness: 
13m

m
 

Sequences: 
T1, T2, T1 
gadolinium

 
C

E 

JZ thickness, JZ 
irregularity, 
adenom

yosis type, 
presence of 
m

yom
etrial cysts 

(unclear if on T1 or 
T2), heterogeneity 
of m

yom
etrium

 

N
R 



  
xi H

ric
ak et 
al. 
199
2 (126
)  

Retrospect
ive 
diagnostic 
study 

To 
determ

ine 
the role of 
gadopent
etate C

E 
T1W

 M
RI 

in 
detection/ 
characteri
sation of 
benign 
uterine 
tum

ours 

46 
patients 
w

ith 
surgically 
proven 
benign 
uterine 
disease 
(115 
fibroid, 
19 
adenom

y
osis, 14 
endom

etri
al polyps) 

U
niver

sity 
H

ospit
al 
(U

SA
) 

W
om

en >18 
years, w

ith a 
surgical 
diagnosis of 
benign 
uterine 
lesion, w

ith 
pelvic M

RI < 
30 days 
prior to 
surgery 

M
RI >30 

days before 
surgery 

Enlarged uterus 
w

ith sm
ooth border, 

presence of H
SI 

foci 

M
anufacturer 

G
E Signa 

System
: 

1.5T 
Slice 
Thickness: 
5m

m
 

Sequences: 
T1W

, T2W
, 

T1 
gadolinium

 
C

E  
 

Tissue SI 
(subjective), lesion 
m

argin, lesion size, 
uterus size, num

ber 
of lesions, lesion 
border, JZ 
thickness, presence 
of H

SI foci on T2 

N
R 

M
as

ui et 
al. 
200
3 (127
)  

Prospectiv
e observati
onal study 

To 
evaluate 
w

hether 
m

ultiphas
e-m

ultisectio
n T2-
w

eighted 
M

RI help 
exclude 
pseudoles
ions 
m

im
icking 

leiom
yom

a and 
adenom

y
osis on 
static T2-
w

eighted 
fast spin-
echo 

43 
patients 
(adenom

y
osis n=18) 
undergoin
g pre-
procedura
l M

RI 
before 
hysterecto
m

y 

Referr
al 
hospita
l (Japan
) 

Fem
ale 

patients 
undergoing 
hysterectom

y 
suspected of 
pelvic 
disease 

N
o M

RI prior 
to 
hysterectom

y 

ill-defined LSI 
lesions w

ith or 
w

ithout H
SI 

spots or having 
focal or diffuse 
thickening of the JZ 
>12 m

m
 

M
anufacturer 

G
E H

orizon 
LX Echo 
Speed 
System

: 
1.5T 
Slice 
Thickness: 
5-6m

m
 

Sequences: 
T2W

, T2-FSE, 
T2-SSFSE 

JZ thickness at 6 
points of the uterus, 
presence of 
leiom

yom
a, 

presence of H
SI 

spots (on T2), 
adenom

yosis type 

N
R 



 
xii 

(FSE) M
R 

im
ages  

M
og

hada
m

 et 
al. 
200
6 (116
)  

Retrospect
ive 
diagnostic 
study 

To 
evaluate 
the role of 
M

RI as a 
preoperat
ive 
diagnostic 
tool for 
leiom

yom
a and 
adenom

y
osis 

153 
w

om
en  

w
ith 

preoperat
ive M

RI 
before 
hysterecto
m

y or 
m

yom
ecto

m
y 

U
niver

sity 
hospita
l (U

SA
) 

W
om

en 
undergoing 
hysterectom

y 
or 
m

yom
ectom

y 
w

ith a 
preoperative 
M

RI 

N
ot specified 

Focal or diffuse 
w

idening 
of JZ> 12 m

m
, 

uterine 
enlargem

ent, focal 
or diffuse LSI 
m

yom
etrial area in 

T2-w
eighted 

im
ages, on C

E T1 
sm

all H
SI 

m
yom

etrial spots  

M
anufacturer 

Phillips 
G

yroscan 
System

: 
1.5T 
Slice 
thickness: 
N

R 
Sequences: 
T2, T1 

JZ thickness, 
U

terine 
enlargem

ent, 
adenom

yosis type, 
presence of H

SI 
foci (on T1) 

N
R 

Philli
ps et 
al. 
199
6 (121
)  

Prospectiv
e observati
onal study 

To 
evaluate 
the 
accuracy 
of M

RI for 
diagnosin
g nodular 
adenom

y
osis 
By 
percutane
ous 
m

yom
etri

al 
biopsies 

20 
w

om
en 

w
ith 

severe 
dysm

enor
rhea, 
chronic 
m

enorrha
gia, and 
an M

RI 
diagnosis 
of 
adenom

y
om

as 

C
om

m
unity 
hospita
ls (U

SA
) 

W
om

en w
ith 

enlarged 
uteri, chronic 
m

enorrhagia, 
and severe 
dysm

enorrhe
a thought to 
have 
adenom

yom
a on M

RI 
prior to 
conservative 
surgery 

Endom
etrial 

cancer, 
prem

alignant 
lesions, 
leiom

yom
a, 

uterine cavity 
over 12cm

, 
endom

etrial 
polyps 

D
iffuse 

adenom
yosis: 

diffuse non-uniform
 

w
idening of the JZ.  

A
denom

yom
a:  

localized, ill-
defined, 
LSI m

ass, poorly 
m

arginated from
 

the adjacent 
m

yom
etrium

 

M
anufacturer 

N
R 

System
: 

N
R 

Slice 
thickness: 
N

R 
Sequences: 
T2W

, T1W
 

JZ irregularity, 
uterine volum

e, 
lesion volum

e, LSI 
m

asses 

Endom
etrial 

tissue, glands, 
and strom

a 
present w

ithin the 
m

yom
etrium

, at 
least one low

 
pow

er field from
 

the 
endom

yom
etrial 

junction. A
fter 

m
yom

etrial 
biopsy. 



  
xiii 

Rein
hold 
et al. 
199
6 (128
)  

Prospectiv
e cohort 
study 

To 
com

pare 
accuracy 
of TV

U
S 

to M
RI in 

adenom
y

osis 
diagnosis 
w

ith 
histopatho
logic 
correlatio
n 

119 
patients 
undergoin
g hysterecto
m

y 

U
niver

sity 
H

ospit
al 
(C

ana
da) 

W
om

en 
undergoing 
hysterectom

y 

Inadequate 
assessm

ent of 
m

yom
etrium

, 
endom

etrial 
carcinom

a, 
technically 
inadequate 
TV

U
S due to 

large 
fibroids, 
refusal to 
undergo M

RI 

Subjective 
im

pression of 
localized or diffuse 
thickening of the 
uterine JZ (w

ith or 
w

ithout the 
presence of H

SI 
foci in the JZ) or the 
presence of a LSI 
m

yom
etrial m

ass 
w

ith ill-defined 
borders  

M
anufacturer 

G
E, Signa 

System
: 

1.5T 
Slice 
Thickness: 
5m

m
 

Sequences: 
T2W

 

U
terine size, JZ 

M
ax, and M

axim
al 

JZ/M
yom

etrial 
ratio, A

denom
yosis 

type and 
localisation  

Presence of 
endom

etrial 
glands and/or 
strom

a > 1 high 
pow

er field deep 
to the 
endom

etrial 
m

yom
etrial 

junction 

Stam
atop
oulos 
et al. 
201
2  
(129
)  

Prospectiv
e observati
onal 
cohort 
study 

To 
estim

ate 
the 
diagnostic 
perform

a
nce of 
M

RI in 
detection 
of fibroids 
and 
adenom

y
osis  

153 
w

om
en 

w
ith an 

enlarged 
uterus 
and 
sym

ptom
s 

U
niver

sity 
H

ospit
al 
(G

reec
e) 

H
eavy 

m
enstrual 

bleeding, 
pelvic m

ass, 
bulky uterus 
(larger than 
10 w

eeks’ 
gestational 
size) w

ith no 
history of 
previous 
histologic 
investigation; 
no desire for 
further 
childbearing; 
and 
consent for 
total 
abdom

inal 
hysterectom

y 

Pregnancy; 
desire to 
retain 
fertility; 
preoperative 
diagnosis of 
m

alignant 
disease 
requiring 
hysterectom

y
; history of 
m

inim
ally 

invasive 
treatm

ent of 
m

enorrhagia; 
need for 
uterine 
m

orcellation 
during 
surgery, 
m

edical 
contraindicati
ons to 
surgery 

JZ > 12 m
m

, focal 
not w

ell-
dem

arcated areas 
w

ere present in the 
m

yom
etrium

, and 
non-uniform

 JZ 

M
anufacturer 

Siem
ens, 

M
agnetom

 
Im

pact 
System

: 
1.0T 
Slice 
Thickness: 
N

R 
Sequences: 
T1W

, T2W
 

JZ thickness, JZ 
irregularity, 
adenom

yosis type, 
presence/size of 
fibroids, 
presence/size of 
leiom

yosarcom
a 

Ectopic 
endom

etrium
 w

as 
recognized >2 
m

m
 deep in the 

m
yom

etrium
; 

D
iffuse: W

hen 
endom

etrial 
glands or strom

a 
w

ere diffusely 
distributed in the 
m

yom
etrium

. 
 Focal: W

hen 
circum

scribed 
nodular 
aggregates of 
glands or strom

a 
w

ere found 
w

ithin the 
m

yom
etrium

.   
A

denom
yom

as: 
W

hen a 
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circum
scribed 

m
ass w

as found, 
com

posed of 
m

ore than rare 
glands, 
predom

inantly of 
the endom

etrial 
type, and a 
strom

al 
com

ponent that 
consisted 
prim

arily of 
sm

ooth m
uscle 

Tellu
m

 et 
al. 
201
9 (45)  

Single-
centre 
prospectiv
e observati
onal 
cohort 
study 

To assess 
the 
diagnostic 
accuracy 
of JZ 
thickness  
≥ 12m

m
 

and 
m

orpholo
gical 
features 
of the JZ 
in M

RI in 
diagnosin
g adenom

y
osis in a 
pre-
m

enopaus
al study 
populatio
n 

93 pre-
m

enopaus
al w

om
en 

w
ith a 

benign 
gynaecol
ogical 
condition 

U
niver

sity 
H

ospit
al 
(N

orw
ay) 

A
ged 30–50 

years, having 
a benign 
condition, 
and 
hysterectom

y 
being 
recom

m
ende

d as the 
appropriate 
treatm

ent by 
a gynaecologis
t 

Presence of 
m

alignancy, 
the use of 
any 
horm

onal 
m

edication 3 
m

onths prior 
to the 
ultrasound 
exam

ination 
and 
hysterectom

y
, or the need 
to m

orcellate 
the uterus 
during the 
hysterectom

y
. 

O
ne or m

ore of:  
JZ M

ax ≥ 12 m
m

, 
m

yom
etrial cysts, or 

adenom
yom

a 

M
anufacturer

: Phillips 
Ingenia or 
A

chieva 
 System

: 
3.0T or 1.5T 
 Slice 
Thickness: 
N

R 
 Sequences: 
T1W

, T2W
 

JZ thickness (A
vg, 

M
ax, M

in, D
iff), 

m
yom

etrial cysts 
(on T1/T2), 
adenom

yom
a, JZ 

appearance, 
JZ/M

yom
etrium

 
ratio, U

terine 
shape, Fibroids 
(num

ber), Size of 
largest fibroid 

Presence of 
ectopic 
endom

etrial 
glands and 
strom

a at 2.5 m
m

 
below

 the 
endom

etrial-
m

yom
etrial 

junction 



  
xv Tian 

et al. 
201
6 (119
)  

Prospectiv
e cohort 
study 

To 
evaluate 
the 
perform

a
nce of 
intra-voxel 
incoherent 
m

otion 
(IV

IM
)- 

D
W

I in 
differentia
ting 
uterine 
fibroids 
from

 focal 
adenom

y
oses 

W
om

en 
w

ith 
fibroids 
(n=25) or 
focal 
adenom

y
osis 
(n=21) 
prior to 
surgery 

U
niver

sity 
H

ospit
al 
(C

hina
) 

(1) new
ly 

suspected 
uterine 
diseases;  
(2) no 
previous 
treatm

ent 
history 

(1) 
contraindicati
on for M

RI;  
(2) 
uncooperativ
e patients or 
no consent 

N
R 

M
anufacturer

: Siem
ens 

M
agnetom

 
A

vanto 
 System

: 
N

R 
 Slice 
Thickness: 
5m

m
 

 Sequences: 
T1W

, T2W
, 

D
W

I 

A
pparent diffusion 

coefficient total 
values (A

D
C

tot), 
True diffusion 
coefficient (D

), 
Pseudodiffusion 
coefficient (D

*) and 
perfusion fraction 
(f), Signal-m

uscle 
ratio (SM

R) for 
each lesion at both 
T1W

I and T2W
I 

sequence, and the 
Signal–noise ratio 
(SN

R) 

N
R 

N
R: not reported, M

RI: m
agnetic resonance im

aging, TV
U

S: transvaginal ultrasound, SI: signal intensity, LSI: low
 signal intensity, H

SI: high signal intensity, D
W

I: diffusion 
w

eighted im
aging,  
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Table 2.S5 Study Results of D
iagnostic A

ccuracy Studies 

A
uthor, Year 

O
utcom

es M
easured 

A
denom

yosis M
RI Results 

for the population 
N

um
ber of 

positive M
RI 

diagnoses 

N
um

ber of 
positive 
histopathology 
diagnoses 

D
iagnostic A

ccuracy Results 

A
scher et al. 

1994  
Presence adenom

yosis, type 
of adenom

yosis 
N

R 
15 

17 
N

R. C
alculated by review

er after constructing 2 x 
2 tables based on inform

ation provided in the 
paper. C

an be found in the RevM
an forest plots 

from
 page 43 onw

ards. 
Badaw

y et al. 
2014 

D
iagnostic accuracy of M

RI 
for various uterine lesions 
after unclear TV

U
S/H

SG
 

D
iffuse: n= 14 

A
denom

yom
as: n= 3  

17 
17 

A
ccuracy: 100%

,  
Sensitivity 100%

,  Specificity 100%
,  

PPV
 100%

, N
PV

 100%
 

Bazot et al. 
2001 

Presence of adenom
yosis, 

adenom
yosis type 

N
R 

N
R 

40 
H

om
ogenous uterine enlargem

ent:  
A

ccuracy 72.5%
.  

Sensitivity 22.5%
, Specificity 97.5%

,  
PPV

 81.8%
, N

PV
 72.5%

,  
H

SI foci:   
A

ccuracy: 81.7%
 

Sensitivity 47.5%
, Specificity 98.8%

,  
PPV

 95.0%
, N

PV
 79.0%

   
JZ>12m

m
:  

A
ccuracy 85.0%

 
Sensitivity 62.5%

, Specificity 96.3%
, 

PPV
 89.3%

, N
PV

 83.7%
,  

JZ/M
yom

etrium
 ratio:   

A
ccuracy 83.3%

 
Sensitivity 65.0%

, Specificity 92.5%
,  

PPV
 81.3%

, N
PV

 84.0%
,  

C
om

bination: 
A

ccuracy 87.5%
   

Sensitivity 77.5%
, Specificity 92.5%

,  
PPV

 83.8%
, N

PV
 89.2%

,  
Bazot et al. 
2003*  

A
ccuracy of diagnosis using 

different M
RI techniques and 

review
ers 

16.7%
 adenom

yom
a  

62.5%
  diffuse 

adenom
yosis,  

37.5%
 focal adenom

yosis 

N
R 

24 (42.9%
) 

A
ccuracy 83.9%

.  
Sensitivity 75%

, Specificity 90.6%
,  

PPV
 85.7%

, N
PV

 82.8%
,  
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D
ueholm

 et al. 
2001 

Presence of adenom
yosis on 

histopathology 
N

o adenom
yosis: 

M
ean JZ M

ax: 10m
m

 
14 

22 
Sensitivity 70%

, Specificity 86%
  

PPV
 58%

, N
PV

 91%
.  

 H
igher JZ associated w

ith m
ore accurate M

RI 
diagnosis (C

ut-off: M
ax 12m

m
, D

iff: 5-7m
m

) 
H

am
im

i et al. 
2015 

C
onfirm

ed diagnosis of 
adenom

yosis after im
aging 

N
R 

M
yom

etrial 
C

ysts:  
20 TP, 5 FP, 15 
TN

,  
20 FN

  
H

eterogeneous 
m

yom
etrium

:  
38 TP, 5 FP, 15 
TN

, 2 FN
, 

JZ >12m
m

:  
42 TP, 1 FP, 15 
TN

, 2 FN
 

45 TP, but 
seem

ingly only 
5 based on 
histopathology 

M
yom

etrial cysts: 
A

ccuracy 58%
 

Sensitivity 80%
, Specificity 50%

 
PPV

 80%
, N

PV
 43%

 
H

eterogeneous m
yom

etrium
: 

A
ccuracy 88%

 
Sensitivity 95%

, Specificity 75%
 

PPV
 88%

, N
PV

 88%
 

JZ>12m
m

: 
A

ccuracy 95%
 

Sensitivity 95%
, Specificity 94%

 
PPV

 98%
, N

PV
 88%

 
H

ricak et al. 
1992 

C
orrect diagnosis of 

adenom
yosis in different M

RI 
sequences vs. histopathology 

N
R specifically 

17 
19  

N
R in study, 2 x 2 tables constructed by review

er 
based on inform

ation provided in the paper. See 
from

 page 43 of the supplem
entary file for details. 

M
asui et al. 

2003**  
D

iagnosis of adenom
yosis (or 

leiom
yom

a) per different M
RI 

m
ethod 

N
o difference in detection 

for different M
RI techniques 

 

N
R, calculated 

by review
er 

 See from
 page 

43 of the 
supplem

entary 
file for details. 

18 
A

ccuracy: 82%
 

Sensitivity: 69%
 Specificity: 67%

 
PPV

: 59%
 N

PV
: 90%

 

M
oghadam

 et 
al. 2006 

A
ccurate diagnosis of 

leiom
yom

a/adenom
yosis vs. 

histopathology 

N
R 

12 TP, 11 FP, 
19 FN

, 111 TN
 

31 
Sensitivity 38%

, Specificity 91%
 

PPV
 52%

 N
PV

 85%
 

Phillips et al. 
1996*** 

D
iagnosis of adenom

yom
a 

on M
RI vs. m

yom
etrial 

biopsy 

M
ean adenom

yom
a 

volum
e:  

125 +/- 12 cm
^3 

M
ean uterine volum

e: 

18TP, 2FP 
18 

Sensitivity: 100%
 

 O
ther diagnostic perform

ance values N
R.  
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433+/29 cm
^3 

Reinhold et al. 
1996 

D
iagnostic accuracy of M

RI 
vs TV

U
S, JZ m

ax on M
RI as 

cut-off 

A
denom

yosis:  
D

iffuse: n=11 
M

ean JZ M
ax 15.0m

m
,  

M
ean JZ/M

yom
etrium

 ratio 
0.69  
 N

o adenom
yosis:  

M
ean JZ m

ax 7.7m
m

 
M

ean JZ/M
yom

etrium
 ratio 

0.44 

24TP, 13 FP, 4 
FN

 
28 

O
verall: 

Sensitivity 86%
, Specificity 86%

 
PPV

 65%
, N

PV
 95%

.  
JZ  >12 m

m
:  

Sensitivity 93%
, Specificity 91%

  
PPV

 79%
, N

PV
 98%

 
JZ/M

yom
etrium

 ratio higher in adenom
yosis 

patients (P<0.001) (no specific inform
ation on 

diagnostic perform
ance). 

Stam
atopoulos 

et al. 2012  
H

istopathological diagnosis 
after hysterectom

y 
N

R 
13 

26 
Sensitivity 46.15%

, Specificity 99.08%
,  

PPV
 92.31%

, N
PV

 88.52%
 

PLR 50.31%
, N

LR 0.54,  
Tellum

 et al. 
2019 

Presence of adenom
yosis on 

histopathology 
JZ M

ax: 11.1m
m

,  
M

ean JZ diff: 8.4m
m

,  
M

ean JZ m
ax: 15.8m

m
 

C
om

bined:  
41 TP, 12FP, 19 
TN

, 13 FN
, 8 

undefined.   
 JZ>12m

m
:  

30 TP, 16 TN
.   

M
yom

etrial 
cysts:  
TP 40, TN

 4.  
A

denom
yom

a:  
18 TP, 2 TN

 
JZ diff >5m

m
:  

TP 30, FP 9 
Irregular JZ:  
TP 42 TN

 6  
JZ/M

yom
etrium

 
ratio > 50%

: 
 TP 24/39 TN

 
15/28.  

57 
C

om
bined:  

A
ccuracy 70%

 
Sensitivity 72%

 Specificity 67%
  

PPV
 77%

, N
PV

 60%
  

JZ>12m
m

:  
A

ccuracy 54%
 

Sensitivity 53%
, Specificity 56%

,  
PPV

 65%
, N

PV
 43%

  
M

yom
etrial cysts:  

A
ccuracy 77%

 
Sensitivity 70%

, Specificity 89%
  

PPV
 91%

, N
PV

 65%
  

A
denom

yom
a:  

A
ccuracy 56%

.  
Sensitivity 32%

, Specificity 94%
 

PPV
 90%

, N
PV

 47%
  

JZ diff>5.5m
m

:  
A

ccuracy 61%
 

Sensitivity 53%
. Specificity 75%

 
PPV

 77%
, N

PV
 50%

  
Irregular JZ:  
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Enlarged 
uterus:  
TP 29/44, TN

 
13/23 

A
ccuracy 77%

 
Sensitivity 74%

, Specificity 74%
,  

PPV
 88%

, N
PV

 67%
  

JZ/M
yom

etrium
 ratio > 50%

:  
A

ccuracy 48%
 

Sensitivity 42%
. Specificity 58%

  
PPV

 50%
, N

PV
 39%

  
Enlarged uterus:  
A

ccuracy 56%
 

Sensitivity 51%
, Specificity 64%

 
PPV

 69%
, N

PV
 45%

 
Tian et al. 
2016 

D
ifference in accuracy 

betw
een conventional M

RI 
and M

RI + IV
IM

 

N
R 

Focal 
adenom

yosis:  
18TP, TN

 23 

21 
C

onventional M
RI:  

A
ccuracy 89.1%

 
Sensitivity 90%

, Specificity 88.5%
,  

PPV
 85.7%

, N
PV

 92.0%
,  

M
RI + IV

IM
: 

A
ccuracy: 95.7%

 
Sensitivity 100%

, Specificity 92.6%
 

PPV
 90.5%

, N
PV

 100.0%
 

N
R: not reported, JZ: junctional zone, M

RI: m
agnetic resonance im

aging, TV
U

S: Transvaginal U
ltrasound, H

SG
: H

ysterosalpingography, TP: true positive, FP: false positive, 
TN

: true negative, FN
: false negative, PPV

: positive predictive value, N
PV

: negative predictive value, PLR: positive likelihood ratio, N
LR: negative likelihood ratio,  

*only the diagnostic perform
ance for the m

ost experienced review
er is reported here, as w

ell as only the diagnostic data for the T2W
 TSE M

RI sequence as this is m
ore 

standardly used in clinical practice than the others investigated in this study 
**only the diagnostic data for the standard T2W

-FSE M
RI w

as reported here, as results w
ere the sam

e for both m
ethods. 

***only investigated adenom
yom

a, not adenom
yosis in general 
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Table 2.S6 Study C
haracteristics of Studies investigating O

bjective M
easures of A

denom
yosis on M

RI 

A
utho

rs, 
Year 

Study 
D

esign 
Study 
objective 

Study 
population 
(N

) 

Study 
Setting 

Study inclusion 
criteria 

Study exclusion 
criteria 

M
RI 

A
denom

yo
sis 
definition 
used 

M
RI 

M
anufa

cturer,  
Settings 
and 
Param

e
ters  

M
RI features 

investigated 
Q

uantifiab
le M

RI 
C

haracteri
stics 
investigate
d 

C
linical 

O
utcom

es 
correlated 
w

ith M
RI 

Param
eters

? 

A
nder

sson 
et al, 
2016 
(123)  

M
ulti-

centre, 
Prospect
ive Pilot 
Study 

Evaluate 
vaginal 
brom

ocriptin
e as 
treatm

ent 
for 
sym

ptom
s of 

adenom
yosi

s 

23 w
om

en 
w

ith diffuse 
adenom

yosi
s  

U
niversit

y hospital 
(Sw

eden
), and 
Tertiary 
H

ospital 
(U

SA
) 

W
om

en aged 
35-50 w

ith 
regular heavy 
m

enstrual 
bleeding, w

ith 
adenom

yosis 
diagnosed by 
TV

U
S and M

RI 

W
om

en actively 
pursuing 
pregnancy, <6 
m

onths post-
partum

, 
breastfeeding) , 
Enlarged uterus 
over um

bilical 
level, 
C

ontraindications 
to brom

ocriptine, 
M

RI suggestive 
for endom

etriosis 
or prolactinom

a, 
IU

D
, 

antidepressants, 
opioid 
m

edication, 
suspected 
(gynaecological) 
m

alignancy 

JZ > 
12m

m
, JZ 

diff >5m
m

 
and ratio 
JZ/ 
m

yom
etriu

m
 >40%

, 
presence 
of 
m

yom
etrial 

cystic 
changes 
 

M
anufa

cturer: 
N

R 
 System

: 
N

R 
 Slice 
Thicknes
s: 
N

R 
 Sequen
ces: 
N

R 

U
terus size, 

JZ thickness, 
C

ystic 
changes in JZ 
(unclear if on 
T1 or T2), 
A

denom
yosis 

type, 
Presence of 
Fibroids, 
Fibroid size 

U
terus size 

(length, 
A

nterior 
M

yom
etriu

m
 w

idth, 
Posterior 
m

yom
etriu

m
 w

idth) 
JZ M

ax, 
JZ M

in, JZ 
D

iff, 
JZ/M

yom
e

trium
 Ratio 

N
o 

Bae et 
al. 
2015 
(130)  

Single-
centre, 
Retrospe
ctive 
Intervent
ional 
C

ohort 
study 

To evaluate 
the effect of 
degree of 
necrosis 
after U

A
E 

on sym
ptom

 
recurrence 
at m

idterm
 

50 W
om

en 
w

ith 
sym

ptom
atic 

pure 
adenom

yosi
s (no 
fibroids) 

U
niversit

y H
ospital 

(Korea) 

W
om

en w
ith 

pure 
adenom

yosis 
w

ho had U
A

E 
treatm

ent, and 
received M

RI 3 
m

onths prior to 
and post- 

N
R 

JZ >12m
m

 
w

ith or 
w

ithout 
punctate 
H

SI foci 

M
anufa

cturer: 
N

R 
 System

: 
N

R 
 

JZ thickness, 
Presence of 
H

SI foci (on 
T1/T2), 
N

ecrosis 
percentage 
on C

E M
RI 

after 

JZ 
thickness, 
U

terine 
volum

e,  

Larger 
uterine 
volum

e 
associated 
w

ith m
ore 

sym
ptom

 
recurrence 
after 
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clinical 
follow

-up in 
patients w

ith 
adenom

yosi
s. 

treatm
ent w

ith 
follow

-up > 18 
m

onths after 
treatm

ent 

Slice 
Thicknes
s: 
4m

m
 

 Sequen
ces: 
T2W

, 
T1W

, 
T1-
gadolini
um

 C
E 

 

treatm
ent, 

A
denom

yosis 
type, U

terine 
volum

e 

treatm
ent. 

A
denom

yosi
s subtype no 
association 
w

ith degree 
of sym

ptom
 

recurrence.  

Bourd
on et 
al. 
2018 
(131)  

Prospect
ive 
cohort 
study 

To com
pare 

serum
 

cytokine 
profiles for 
the various 
adenom

yosi
s phenotypes 
vs. disease-
free w

om
en 

80 w
om

en 
w

ho had a 
pelvic M

RI 
perform

ed 
by the 
senior 
radiologist 
during pre-
operative 
w

orkup 

U
niversit

y H
ospital 

(France) 

N
on-pregnant 

patients <42 
years w

ho 
underw

ent 
surgical 
exploration by 
operative 
laparoscopy or 
laparotom

y for 
benign 
gynaecological 
conditions 

C
ancer or 

borderline 
tum

ours, no 
consent to 
participate 

D
iffuse 

adenom
yos

is:  
JZ-m

ax > 
12 m

m
, JZ-

m
yom

etriu
m

 ratio 
m

ax > 
40%

.  
Focal 
adenom

yos
is: 
adenom

yot
ic foci 
located in 
the outer 
shell of the 
uterus, 
separated 
from

 the JZ 

M
anufa

cturer: 
N

R 
 System

: 
N

R 
 Slice 
Thicknes
s: 
N

R 
 Sequen
ces: 
T2W

, 
T1W

 

JZ thickness, 
JZ m

ax, 
JZ/M

yom
etri

um
 ratio, 

presence of 
H

SI spots in 
m

yom
etrium

 
(on T2), 
adenom

yosis 
lesion size, 
adenom

yosis 
type, 
adenom

yosis 
lesion 
localisation 

JZ 
thickness, 
JZ m

ax, 
JZ/M

yom
e

trium
 ratio, 

adenom
yo

sis lesion 
size 

M
ixed 

subtypes of 
adenom

yosi
s associated 
w

ith low
er 

pro-
inflam

m
ator

y cytokine 
levels 

Bragh
eto et 
al. 

Prospect
ive 
descripti
ve study 

To evaluate 
the effect of 
the LN

G
-IU

S 
on 

29 W
om

en 
w

ith 
sym

ptom
atic 

U
niversit

y H
ospital 

(Brazil) 

D
iagnosis of 

adenom
yosis 

on M
RI w

ith 
dysm

enorrhoea 

Endom
etrial 

polyps, O
varian 

tum
our/cyst, 

uterine 

>12m
m

 JZ 
diam

eter 
O

R  

M
anufa

cturer: 
Elscint 
 

JZ uniform
ity. 

JZ M
ax (at 3 

points, the 
anterior, 

JZ M
ax, 

Endom
etri

al 
thickness, 

Significant 
reduction in 
JZ thickness, 
and lesion 
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2007 
(132)  

adenom
yoti

c lesions 
diagnosed 
and 
m

onitored 
by M

RI 

adenom
yosi

s  
and/or 
m

enorrhagia 
m

alform
ation, 

cervical stenosis, 
history of cancer, 
postm

enopausal 
status, history of 
pelvic infection, 
desire for 
pregnancy, 
addition horm

one 
therapy, M

RI 
contraindication 

JZ 
diam

eter 8-
12m

m
 + ill-

dem
arcate

d or focal 
thickening 
JZ w

ith H
IS 

foci 

System
: 

2.0T 
 Slice 
Thicknes
s: 
4.0m

m
 

 Sequen
ces 
T2W

, 
T1W

 

posterior and 
fundal w

alls), 
Endom

etrial 
thickness, 
U

terine 
volum

e, 
presence of 
H

SI foci (on 
T2) 

U
terine 

volum
e 

size after 
treatm

ent. 
A

lso a 
concom

itant 
significant 
reduction in 
dysm

enorrh
oea. N

o 
direct 
correlation 
investigated. 

Bratb
y et 
al. 
2009 
(133)  

Retrospe
ctive 
observat
ional 
study 
(interim

 
results) 

Evaluate 
role of U

A
E 

in treating 
adenom

yosi
s  

27 W
om

en 
w

ith 
adenom

yosi
s w

ithin 
cohort of 
w

om
en w

ith 
fibroids 

Local 
hospital 
(U

K) 

W
om

en w
ith 

sym
ptom

atic 
fibroids and 
adenom

yosis 
on biopsy and 
M

RI 

N
R 

Focal or 
diffuse JZ 
>11 m

m
, 

H
SI foci 

correspond
ing to 
m

yom
etrial 

cysts, poor 
definition 
of the JZ 
and poor 
definition 
of the 
lesion 
borders 

M
anufa

cturer:  
N

R 
 System

: 
N

R 
 Slice 
Thicknes
s: 
N

R 
 Sequen
ces: 
N

R 

JZ thickness, 
U

terine/A
den

om
yom

a 
volum

e, 
presence of 
H

SI foci 
(unclear if T1 
or T2), poor 
definition of 
JZ, presence 
of fibroids 

JZ 
thickness, 
U

terine 
volum

e, 
A

denom
yo

m
a volum

e 

W
om

en w
ith 

only 
adenom

yosi
s (vs. 
adenom

yosi
s and 
fibroids) 
show

ed 
m

ore lesion 
reduction 
after 
treatm

ent, 
but had a 
higher 
recurrence 
of 
m

enorrhagi
a.  

Byun 
et al. 
1999 
(134)  

Retrospe
ctive 
observat
ional 
study 

To review
 

and 
illustrate the 
spectrum

 of 
M

RI findings 
in diffuse 
and focal 

308 patients 
undergoing 
hysterectom
y 

U
niversit

y H
ospital 

(Korea) 

W
om

en 
undergoing 
hysterectom

y 
that underw

ent 
pre-operative 
M

RI because of 
vaginal 
spotting, 

N
R 

D
iffuse 

adenom
yos

is: diffuse 
ectopic 
grow

th of 
endom

etriu
m

 into 
m

yom
etriu

M
anufa

cturer: 
G

E 
Signa 
A

dvant
age 
 System

: 

JZ thickness, 
areas of H

SI 
in lesion (on 
T1/T2), lesion 
size, shape, 
location, 
m

argin, 
pseudo-

JZ 
thickness, 
lesion size 

N
o 
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adenom
yosi

s 
prem

enstrual 
pelvic pain, 
dysm

enorrhea, 
suspicion 
uterine m

ass or 
fibroid or other 
findings.  

m
 w

ith 
diffuse or 
focal 
w

idening 
of JZ.  
Focal 
adenom

yos
is: 
circum

scrib
ed m

ass in 
the 
m

yom
etriu

m
.  

1.5T 
Slice 
Thicknes
s: 
5 m

m
 

 Sequen
ces 
T1W

, 
T2W

 

capsule and 
relation to 
endom

etrium
 

C
hapr

on et 
al. 
2017 
(12)  

Prospect
ive, 
observat
ional, 
cross-
sectional 
study 

To 
investigate 
the 
relationship 
betw

een 
endom

etrios
is phenotypes 
(superficial 
peritoneal, 
deep 
infiltrating, 
ovarian 
endom

etrio
m

a) and 
M

RI 
appearance 
of 
adenom

yosi
s 

292 patients 
w

ho 
underw

ent 
uterine 
surgery  

U
niversit

y H
ospital 

(France) 

N
on-pregnant 

patients 
betw

een 18 -42 
years of age, 
and w

ho 
underw

ent 
surgery for 
sym

ptom
atic 

benign 
gynaecological 
conditions, w

ith 
pre-operative 
M

RI 

V
isually 

diagnosed as 
having 
endom

etriosis but 
lacking 
histological 
confirm

ation 

D
iffuse 

adenom
yos

is:  
JZ-m

ax > 
12 m

m
, JZ-

m
yom

etriu
m

 ratio 
m

ax > 
40%

.  
Focal 
adenom

yos
is: 
adenom

yot
ic foci 
located in 
the outer 
shell of the 
uterus, 
separated 
from

 the JZ 

M
anufa

cturer: 
Siem

ens 
Sonata 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
5 m

m
 

 Sequen
ces 
T2W

, 
T1W

 

JZ m
ax, JZ-

m
yom

etrium
 

ratio,  H
SI 

spots w
ithin 

m
yom

etrium
 

(on T2), focal 
lesion size, 
focal lesion 
location 

JZ m
ax, 

JZ-
m

yom
etriu

m
 ratio, 

Focal 
lesion size 

N
o 

D
asho

ttar et 
al. 

Prospect
ive, 
diagnost
ic, 

To evaluate 
the M

RI 
findings of 
suspected 

60 w
om

en 
w

ith M
RI-

confirm
ed 

Tertiary 
Teaching 
H

ospital 
(India) 

Patients w
ith 

m
enorrhagia 

and M
RI 

findings 

(1) Patients w
ith 

norm
al sized 

uterus on U
SG

 
w

ith norm
al echo 

1) JZ 
thickness 
>14m

m
           

2) Poor 

M
anufa

cturer: 
Siem

ens 
M

agnet

JZ M
ax, JZ 

definition, 
presence of 
H

SI foci (on 

JZ M
ax, 

U
terus 

length 

M
RI 

phenotype 
of 
adenom

yosi
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2015 
(306)  

analytic
al study 

cases of 
adenom

yosi
s,  and a 
com

parative 
analysis of 
changes in 
the M

RI 
findings in 
the pre &

 
post LN

G
-

IU
D

 patients 

adenom
yosi

s 
suggestive of 
adenom

yosis 
texture of the 
m

yom
etrium

. 
(2) JZ< 10m

m
 on 

M
RI (3) Patients 

w
ho w

ere 
claustrophobic  
(4) Patients lost to 
follow

-up/ 
operated/expulsi
on of IU

D
 during 

the study and 
follow

-up period. 

definition/ 
indistinct 
m

argins JZ   
3) H

SI foci 
in 
m

yom
etriu

m
.                  

4) JZ 
thickness 
11-13m

m
 

and poor 
definition 
borders 

om
 

H
arm

on
y  System

: 
1.0T 
 Slice 
Thicknes
s: 
3-5m

m
 

 Sequen
ces 
T1, T2 

T1/T2), 
uterus length, 
associated 
uterine 
lesions 

s did not 
change 
significantly 
after 
treatm

ent, 
how

ever 
there w

as a 
significant 
reduction in 
sym

ptom
s.  

Fan et 
al. 
2012 

Prospect
ive 
intervent
ional 
feasibilit
y study 

To test the 
feasibility of 
M

RgH
IFU

S 
for 
treatm

ent of 
adenom

yosi
s. 

10 Patients 
w

ith 
sym

ptom
atic 

adenom
yosi

s  

U
niversit

y H
ospital 

(C
hina) 

(1) C
linical and 

M
RI diagnosis 

of adenom
yosis 

(2) > 18 years 
of age,  in pre-
m

enopausal 
status w

ith 
lesions betw

een 
3 and 10 cm

 in 
diam

eter               
(3) 
Sym

ptom
atic 

adenom
yosis 

requiring 
treatm

ent              
(4) A

ble to 
com

m
unicate 

w
ith the nurse 

or physician 
during the 
procedure;            
(5) C

onsent for 
pre/post M

RI 

(1) M
enstruating, 

pregnant or 
breastfeeding           
(2) M

RI 
contraindication 
(3)  Suspected or 
confirm

ed uterine 
m

alignancy 

N
R 

M
anufa

cturer: 
G

E 
O

m
nisc

an 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
4 m

m
 

 Sequen
ces 
T2W

, 
T1W

, 
T1-
gadolini
um

 C
E 

Lesion 
volum

e, 
lesion size, 
localisation, 
N

PV
 

Lesion 
volum

e, 
Lesion size 

Lesion and 
uterine 
volum

e 
decreased 
after 
treatm

ent, 
alongside 
sym

ptom
 

reduction. 
N

o specific 
analysis 
evaluating a 
correlation 
betw

een the 
tw

o 
outcom

es. 
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Ferrar
i et al. 
2015 
(135)  

Prospect
ive 
cohort 
study 

To evaluate 
the 
treatm

ent 
efficacy of 
uterine 
adenom

yosi
s using 
M

RgFU
S as 

a m
ini-

invasive 
therapy 

18 patients 
w

ith 
sym

ptom
atic  

adenom
yosi

s 

U
niversit

y H
ospital 

(Italy) 

Prem
enopausal 

w
om

en 
affected by 
adenom

yosis, 
diagnosed on 
M

RI 

C
ontraindications 

to treatm
ent 

JZ >12m
m

  
M

anufa
cturer: 
G

E 
Signa 
Excite 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
4 m

m
 

 Sequen
ces 
T1W

, 
T2W

 

Lesion 
volum

e, JZ 
thickness, 
Lesion 
localisation 

Lesion 
volum

e, JZ 
thickness 

Sym
ptom

s 
reduced, 
and JZ 
thickness 
decreased 
to <12m

m
 

for alm
ost 

all patients. 
N

o direct 
correlation 
investigated. 

Froeli
ng et 
al. 
2012 
(53)  

Retrospe
ctive 
cohort 
study 

To evaluate 
clinical 
outcom

e 
and H

RQ
oL 

of w
om

en 
w

ith U
A

E 
for uterine 
adenom

yosi
s 

40 w
om

en 
w

ith 
sym

ptom
atic 

adenom
yosi

s 

U
niversit

y H
ospital 

(G
erm

an
y) 

Prem
enopausal 

w
om

en w
ith 

dom
inant 

m
enorrhagia, 

dysm
enorrhea 

w
ith or w

ithout 
bulk sym

ptom
s, 

M
RI diagnosis 

of adenom
yosis 

(w
ith fibroids) 

Postm
enopausal 

w
om

en, active 
inflam

m
atory 

disease, 
undiagnosed 
pelvic m

ass, 
pregnancy, renal 
insufficiency 

JZ>12m
m

, 
w

ith or 
w

ithout H
SI 

foci  

M
anufa

cturer: 
Siem

ens 
M

agnet
om

 
V

ision 
or 
Sym

pho
ny 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
N

R 
 

JZ thickness, 
presence of 
H

SI foci 
(unclear if on 
T1 or T2), 
adenom

yosis 
type, 
presence of 
fibroids 

JZ 
thickness, 
U

terine 
volum

e 

D
egree of 

sym
ptom

 
im

provem
en

t seem
ingly 

independent 
of JZ 
thickness or 
adenom

yosi
s type. 



 
xxvi Sequen

ces 
T2 

Fukuni
shi et 
al. 
2008 
(136)  

Prospect
ive 
cohort 
study 

To evaluate 
the therm

al 
ablative 
effects of 
M

RgFU
S on 

adenom
yosi

s and to 
assess 
im

provem
en

t in clinical 
param

eters 

20 patients 
w

ith 
adenom

yosi
s, w

ith or 
w

ithout 
fibroids 

G
eneral 

H
ospital 

(Japan) 

Prem
enopausal 

w
om

en >18y/o 
w

ith 
sym

ptom
atic 

adenom
yosis 

Subm
ucosal 

fibroid, A
bnorm

al 
PA

P sm
ear, 

Pregnant/lactatin
g, N

on-accessible 
lesion, D

ialysis 
patients, U

nder 
anti-coagulative 
therapy, active 
pelvic infection, 
H

aem
olytic 

anaem
ia, 

C
erebrovascular 

disease, U
nstable 

cardiac status, 
Pelvic m

ass 
outside uterus, 
C

ontraindication 
to M

RI, 
Intolerance to 
M

RI contrast 
agents, <35%

 
H

em
atocrit, 

Extensive 
abdom

inal scars 
anterior to 
treatm

ent area 

JZ>12m
m

 
M

anufa
cturer: 
G

E 
Signa 
Excite 
 System

: 
1.5T 
Slice 
Thicknes
s: 
N

R 
 Sequen
ces 
T1W

, 
T2W

, 
T1 
gadolini
um

 C
E 

JZ thickness, 
M

yom
etrium

 
diam

eter, 
JZ/M

yom
etri

um
 ratio, 

U
terine 

volum
e, post-

treatm
ent 

N
PV

 volum
e 

JZ 
thickness, 
JZ/M

yom
e

trium
 ratio, 

M
yom

etriu
m

 
thickness, 
U

terine 
volum

e 

D
egree of 

sym
ptom

 
im

provem
en

t seem
ingly 

independent 
of JZ 
thickness or 
adenom

yosi
s type. 

G
ong 

et al. 
2017 
(163)  

Retrospe
ctive 
cohort 
study 

To 
investigate 
the 
relationship 
betw

een the 
features of 
M

RI on 
T2W

I and 

428 patients 
w

ith 
sym

ptom
atic 

adenom
yosi

s undergoing 
H

IFU
 

ablation 

U
niversit

y H
ospital 

(C
hina) 

C
linical 

adenom
yosis 

sym
ptom

s, 
aged over 18 
years  

A
denom

yotic 
lesion could not 
be reached or 
visualised, 
Suspected/confir
m

ed uterine 
m

alignancy, M
RI 

contraindications 

Focal/diffu
se 
thickening 
JZ  
O

R  
Presence 
LSI 
m

yom
etrial 

M
anufa

cturer: 
Siem

ens 
M

agnet
om

 
Sym

pho
ny 
 

Size/location 
uterus, 
Size/location 
adenom

yotic 
lesion, Signal 
intensity 
lesion vs 
norm

al 

U
terine 

size, 
Lesion 
size, 
N

um
ber of 

H
SI foci 

N
o 

significant 
difference 
betw

een 
treatm

ent 
response 
based on 
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the 
therapeutic 
efficacy of 
H

IFU
 on 

adenom
yosi

s. 

m
ass w

ith 
ill-defined 
borders 

System
: 

1.5T 
 Slice 
Thicknes
s: 
4 m

m
 

 Sequen
ces 
T1W

, 
T2W

, 
gadolini
um

 C
E 

m
yom

etrium
, 

N
um

ber of 
H

SI foci on 
T2, N

PV
 after 

therapy 

M
RI 

phenotype 

G
ong 

et al. 
2016 
(49)  

Retrospe
ctive 
cohort 
study 

To 
investigate 
factors 
affecting 
ablative 
efficiency of  
H

IFU
 for 

adenom
yosi

s 

245 patients 
w

ith 
sym

ptom
atic 

adenom
yosi

s treated 
w

ith 
U

SgH
IFU

 
ablation 

U
niversit

y H
ospital 

(C
hina) 

M
enorrhagia/d

ysm
enorrhoea 

sym
ptom

s,  N
o 

system
ic 

diseases 

A
denom

yotic 
lesion could not 
be reached or 
visualised, 
Pregnancy, 
Lactation or 
m

enstruation, 
Suspected/confir
m

ed uterine 
m

alignancy, M
RI 

contraindications 

Focal/diffu
se 
thickening 
JZ O

R 
Presence 
LSI 
m

yom
etrial 

m
ass w

ith 
ill-define 
borders 

M
anufa

cturer: 
Siem

ens
, M

agnet
om

 
Sym

pho
ny  
 System

: 
1.5T 
 Slice 
Thicknes
s: 
4 m

m
 

 Sequen
ces 
T1W

, 
T2W

, 
gadolini
um

 C
E 

V
olum

e of 
adenom

yotic 
lesion, 
Location 
adenom

yosis, 
U

terus 
location, 
N

um
ber of 

H
SI foci on 

T2, SI on T2, 
Enhancem

ent 
type on T1 

Lesion 
volum

e, 
N

um
ber of 

H
SI foci 

N
o 

correlation 
betw

een 
sym

ptom
 

reduction 
and lesion 
volum

e, or 
num

ber of 
H

SI foci 
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G
uo 

et al. 
2017 
(164)  

N
on-

random
i

zed 
prospect
ive 
study 

Investigate 
clinical 
efficacy of 
G

nRH
-a and 

H
IFU

 
ablation for 
adenom

yosi
s treatm

ent 

79 patients 
w

ith 
adenom

yosi
s (55 only 
H

IFU
, 24 

H
IFU

+G
nRH

) 

N
on-

academ
i

c H
ospital 

(C
hina) 

>18 years, 
prem

enopausal
, diagnosis of 
adenom

yosis 
based on M

RI, 
m

enorrhagia/ 
dysm

enorrhoea
, JZ>30m

m
, 

unw
illing to 

have 
hysterectom

y/a
denom

yoectom
y, no treatm

ent 
for 1 year 

M
enstruation, 

Pregnancy, 
lactation, 
suspected or 
confirm

ed 
endom

etriosis, 
Pelvic adhesions, 
C

onfirm
ed or 

suspected uterine 
m

alignancy 

Single 
layer of JZ 
>30m

m
 

M
anufa

cturer: 
N

R 
 System

: 
N

R 
 Slice 
Thicknes
s: 
N

R 
 Sequen
ces 
T2 

U
terus 

volum
e , 

A
denom

yotic 
lesion volum

e 

U
terus 

volum
e , 

A
denom

yo
tic lesion 
volum

e 

Severity of 
dysm

enorrh
oea no 
direct 
correlation 
w

ith uterine 
or lesion 
volum

e 

H
asde

m
ir et 

al. 
2016 
(4)  

Prospect
ive, 
random

i
sed 
study 

To com
pare 

the 
presence of 
adenom

yosi
s on M

RI in 
patients 
w

ith and 
w

ithout 
history of 
preeclam

psi
a 

69 w
om

en, 
w

ith PE 
(n=34) and 
w

ithout 
(n=35)  

U
niversit

y H
ospital 

(Turkey) 

Study group: 
diagnosis of 
preeclam

psia 
C

ontrol: >1 
pregnancy 
w

ithout 
preeclam

psia 

C
ontrol group: 

H
istory of 

infertility, 
Endom

etriosis, 
Fibroid, U

terine 
surgery (except 
C

S), H
ydatiform

 
m

ole 

A
ny one of 

the 
follow

ing:  
D

irect: 
Subm

ucosa
l m

icrocysts, 
adenom

yo
m

a/ 
cystic 
adenom

yo
m

a. 
Indirect:  
JZ >12m

m
, 

JZ diff 
>5m

m
, 

JZ/M
yom

e
trium

 
Ratio>40%
, enlarged 
uterus, 
indistinct JZ 
borders 

M
anufa

cturer: 
G

E, 
Signa 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
7 m

m
 

 Sequen
ces 
T2 

Presence of 
subm

ucosal 
m

icrocysts 
(on T2), 
adenom

yom
a

/ cystic 
adenom

yom
a 

location, 
lesion size, 
JZ m

ax, JZ 
m

in, JZ diff, 
JZ/M

yom
etri

um
 ratio 

JZ M
ax, 

JZ M
in, JZ 

D
iff, M

ean 
JZ 
thickness, 
JZ-
M

yom
etriu

m
 ratio, 

U
terus 

volum
e, 

Lesion 
volum

e 

H
igher 

m
ean JZ 

seen in 
w

om
en w

ith 
late-onset 
preeclam

psi
a,  
 M

ore 
intrauterine 
grow

th 
restriction in 
w

om
en w

ith 
adenom

yom
as 
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Im
aok

a et 
al. 
2002 
(137)  

Prospect
ive 
intervent
ional 
cohort 
study 

Evaluate 
uterine 
changes on 
M

RI before 
and after 
G

nRH
 

analogue 
treatm

ent in 
diffuse 
adenom

yosi
s 

31 patients 
w

ith M
RI 

features 
suggestive 
for diffuse 
adenom

yosi
s 

U
niversit

y H
ospital 

(U
SA

) 

A
denom

yosis 
diagnosis 
based on pelvic 
pain/m

enorrha
gia sym

ptom
s, 

and M
RI 

im
aging 

N
R 

JZ >10m
m

 
w

ith 
indistinct 
m

argins 

M
anufa

cturer: 
G

E, 
Signa 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
5-7 m

m
 

 Sequen
ces 
T2, T1 

JZ thickness, 
distinction of 
JZ m

argins, 
uterus 
location, 
adenom

yosis 
type, uterine 
asym

m
etry, 

presence of 
H

SI foci on 
T2, uterine 
volum

e, 
m

yom
etrial 

thickness 

JZ 
thickness, 
M

yom
etriu

m
 

thickness, 
U

terus 
volum

e, 
U

terine 
asym

m
etry 

A
ll M

RI 
param

eters 
reduced 
after 
treatm

ent, 
no 
correlation 
investigated 
betw

een this 
and clinical 
sym

ptom
s. 

Jha et 
al. 
2003 
(138)  

Prospect
ive 
intervent
ional 
cohort 
study 

To 
determ

ine 
the M

RI 
features 
seen after 
U

A
E and to 

evaluate the 
clinical 
response in 
patients w

ith 
adenom

yosi
s 

Patients w
ith 

adenom
yosi

s treated 
w

ith U
A

E 

U
niversit

y H
ospital 

(U
SA

) 

A
denom

yosis 
diagnosis 
based on M

RI 
treated w

ith 
U

A
E 

N
R 

JZ  >12m
m

 
M

anufa
cturer: 
Siem

ens
, M

agnet
om

 
V

ision 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
N

R 
 Sequen
ces 
T2W

, 
T1W

, 
T1 C

E 

U
terus 

volum
e, 

Fibroid 
volum

e, JZ 
thickness, 
M

yom
etrial 

thickness, 
adenom

yosis 
type, 
presence of 
H

SI foci (on 
T1 or T2) 

U
terus 

volum
e, JZ 

thickness, 
M

yom
etria

l thickness 

M
ore 

sym
ptom

s 
reduction 
seen in 
w

om
en w

ith 
pure 
adenom

yosi
s.  



 
xxx 

Jha et 
al. 
2014 
(139)  

Retrospe
ctive 
im

aging 
study 

To evaluate 
differences, 
if any, in the 
A

D
C

 values 
of fibroids 
and 
adenom

yosi
s 

93 patients, 
50 w

ith 
fibroids, 43 
w

ith 
adenom

yosi
s 

U
niversit

y H
ospital 

(U
SA

) 

Patients w
ith 

D
W

I M
RI 

diagnosis of 
fibroids and 
adenom

yosis 

N
R 

JZ  >12m
m

 
M

anufa
cturer: 
N

R 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
N

R 
 Sequen
ces 
T2W

, 
T1W

, 
D

W
I 

A
D

C
 values 

of fibroids 
and 
adenom

yosis, 
JZ thickness 

A
D

C
 

values of 
adenom

yo
sis, JZ 
thickness 

N
o 

Jung 
et al. 
2012 
(140)  

Retrospe
ctive 
cohort 
study 

To identify 
im

aging 
predictors 
for com

plete 
necrosis 
after U

A
E 

via 
quantitative 
m

easurem
en

t of the SI 
obtained 
from

 M
RI of 

patients w
ith 

adenom
yosi

s 

119 
adenom

yosi
s patients 
w

ho 
underw

ent 
U

A
E 

U
niversit

y H
ospital 

(Korea) 

A
denom

yosis 
diagnosed by 
M

RI w
ho 

underw
ent 

U
A

E, pre-
procedural 
M

RI, U
A

E by 
sam

e 
interventionist 
using the sam

e 
em

bolisation 
protocol, w

ith 
follow

-up M
RI 

3 m
onths after 

U
A

E 

C
oncom

itant 
uterine fibroids 

Thickening 
JZ >12m

m
, 

ill-defined 
LSI on T2 
area 
m

yom
etriu

m
, or T2 

H
SI foci in 

m
yom

etriu
m

 

M
anufa

cturer: 
G

E, 
Signa 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
5 m

m
 

 Sequen
ces 
T2W

, 
T1W

, 
T1-
gadolini
um

 C
E 

A
denom

yosis 
type, 
A

denom
yosis 

localisation, 
A

denom
yosis 

lesion size, SI 
in 
adenom

yosis 
lesion and 
rectus m

uscle 
(on T2), SI 
ratio necrosis 
percentage 
after U

A
E 

JZ 
thickness, 
relative SI 
ratio, 
adenom

yo
sis lesion 
size 

A
 higher T2 

SI ratio 
associated 
w

ith better 
therapy 
response 
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K
ang 

et al. 
1996 
(307)  

Prospect
ive 
cohort 
study 

To 
investigate 
the 
specificity of 
the criterion 
stating that 
a diagnosis 
of 
adenom

yosi
s can be 
m

ade 
confidently 
from

 M
RI of 

the uterus 
w

hen the JZ 
is > 5 m

m
  

20 w
om

en 
undergoing 
M

RI of the 
pelvis  

U
niversit

y H
ospital 

(U
SA

) 

W
om

en, 18-25 
years old, 
nulliparous, no 
m

enorrhagia, 
m

etrorrhagia, 
dysm

enorrhea, 
dyspareunia or 
other sym

ptom
s 

of pelvic 
disorders, no 
surgical 
procedure of 
the pelvis 

N
ot m

eeting 
inclusion criteria 

N
R 

M
anufa

cturer: 
G

E, 
Signa 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
4 m

m
 

 Sequen
ces 
N

R 

U
terus length, 

A
nteroposteri

or and 
transverse 
uterine 
diam

eter, 
M

axim
um

 
thickness of 
endom

etrium
, 

JZ M
ax, JZ 

thickness 
anterior/post
erior/fundus/
right w

all/left 
uterine w

all 

JZ M
ax, 

JZ 
thickness 
of 
anterior/p
osterior 
uterine 
w

all, 
right/left 
uterine 
w

all and 
fundus 

N
o 

K
eser

ci et 
al. 
2018 
(141)  

Retrospe
ctive 
cohort 
study 

To assess 
the 
relationship 
betw

een 
M

RI T1 
perfusion-
based 
classification 
and the 
outcom

e of 
M

RgH
IFU

 of 
adenom

yosi
s, 
defined as 
N

PV
 ratio 

31 w
om

en 
w

ho 
underw

ent 
H

IFU
 

treatm
ent 

for 
adenom

yosi
s 

U
niversit

y H
ospital 

(M
alaysi

a, 
V

ietnam
) 

18-56 years, 
w

ith 
sym

ptom
atic 

adenom
yosis 

Endom
etrial 

disease, pelvic 
endom

etriosis, 
U

ncontrolled 
system

ic disease, 
M

enstrual cycle, 
pregnant, 
C

ontraindication 
for M

RI, 
Suspected 
m

alignancy 

N
R 

M
anufa

cturer: 
Phillips, 
Ingenia 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
5 m

m
 

 Sequen
ces 
T1W

, 
T2W

, 
T1 
dynam

i
c C

E 

SI-curves vs 
norm

al 
m

yom
etrium

 
on T1 C

E, JZ 
thickness, 
adenom

yosis 
type, 
adenom

yosis 
volum

e, N
PV

 
ratio 

JZ 
thickness, 
A

denom
yo

sis volum
e 

M
ore 

sym
ptom

 
reduction 
associated 
w

ith low
er 

SI ratio 
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K
eser

ci et 
al. 
2018 
(52)  

Retrospe
ctive 
cohort 
study 

To 
investigate 
the M

RI 
features 
influencing: 
an 
im

m
ediate 

N
PV

r of 
90%

 after 
H

IFU
 

ablation of 
adenom

yosi
s, clinical 
efficacy, 
defined as 
adenom

yosi
s volum

e 
reduction 
and the 
sym

ptom
 

severity 
score 
im

provem
en

t of 6 
m

onths’ 
follow

-up, 

66 w
om

en 
w

ho 
underw

ent 
H

IFU
 

treatm
ent 

for 
adenom

yosi
s 

U
niversit

y H
ospital 

(V
ietnam

) 

Sym
ptom

atic 
w

om
en w

ith 
adenom

yosis 
undergoing 
H

IFU
 ablation  

A
denom

yosis too 
deep in pelvis for 
ablation, O

varian 
tum

our, 
Endom

etriosis, 
System

atic 
disease, C

ancer 
disease, 
Preference for 
alternative 
treatm

ent 

N
R 

M
anufa

cturer: 
Phillips, 
Ingenia 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
5 m

m
 

 Sequen
ces 
T1W

, 
T2W

, 
T1 
dynam

i
c C

E 

A
denom

yosis 
volum

e, 
A

denom
yosis 

location, 
A

denom
yosis 

type, U
terus 

position, SI of 
adenom

yosis, 
N

um
ber of 

H
SI foci (on 

T1), 
JZ/M

yom
etri

um
 ratio,  

V
olum

e 
transfer 
constant, 
Reverse 
reflux rate 
constant, 
V

olum
e 

fraction of 
extravascular 
extracellular 
space, 
V

olum
e 

fraction of 
plasm

a 

A
denom

yo
sis volum

e, 
JZ 
thickness, 
JZ/M

yom
e

trium
 

Ratio, 
N

um
ber of 

H
SI foci 

Lesion 
volum

e 
reduction 
m

ay 
correlate 
w

ith 
sym

ptom
 

reduction 

K
hand

epark
ar et 
al. 
2018  
(142)  

Retrospe
ctive 
cohort 
study 

To assess 
the im

pact 
of high-
resolution 
M

RI to 
detect the 
subtle 
nuances of 
uterine 
adenom

yosi
s and its 

114 
prim

arily 
infertile 
patients 

Referral 
H

ospital 
(India) 

(a) C
linically 

diagnosed 
cases of 
prim

ary 
infertility;  
(b) Suspicion of 
adenom

yosis 
on 
TA

U
S/TV

U
S;  

( c) N
on- 

visualization/ 

(a) O
ther causes 

of prim
ary 

infertility 
including: 
M

ullerian ductal 
anom

alies, 
ovulation factors, 
and, horm

onal 
factors such as 
hypothalam

ic-

N
R 

M
anufa

cturer: 
Siem

ens
, M

agnet
om

 
Skyra 
 System

: 
3.0T 
 

U
terine size, 

U
terine 

m
orphology, 

Endom
etrium

 
thickness, 
Endom

etrium
 

sharpness, JZ 
thickness, JZ 
SI, presence 
of H

SI foci in 
JZ (on T2), 

U
terine 

size, 
Endom

etri
um

 
thickness, 
JZ 
thickness 

N
o 
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associations, 
and, identify 
its key 
m

im
ics 

prevailing in 
a subset of 
sub-fertile or 
infertile 
w

om
en, and 

create a 
structured 
reporting 
tem

plate 
w

hich w
ill 

contain 
standardize
d lexicon as 
w

ell as 
com

prehensi
ve and 
accurate 
inform

ation 

obscuration of 
the JZ;  
(d) M

ulti-
param

etric M
RI 

perform
ed at 

3.0 T 

pituitary axis 
abnorm

alities;  
(b) Secondary 
infertility 

Slice 
Thicknes
s: 
3-5 m

m
 

 Sequen
ces 
T2W

, 
T1W

 

JZ/m
yom

etriu
m

 border 
sharpness, 
A

denom
yosis 

type, 
Presence of 
fibroids, 
Presence of 
endom

etriosis
, Presence of 
m

yom
etrial 

contractions 

K
issler 

et al. 
2008 
(51)  

Prospect
ive 
observat
ional 
study 

To exam
ine 

w
hether 

hyperperista
lsis and 
dysperistalsi
s are caused 
by the 
endom

etrios
is itself or by 
the 
adenom

yoti
c com

ponent 
of the 
disease 

41 w
om

en 
w

ith 
infertility 
and 
laparoscopi
cally proven 
endom

etrios
is, 35 of 
them

 w
ith 

signs of 
adenom

yosi
s 

U
niversit

y H
ospital 

(G
erm

an
y) 

H
istory of 

infertility and 
endom

etriosis 
diagnosed at 
laparoscopy 
w

ith patent 
fallopian tubes 

N
R 

JZ > 9 m
m

  
O

R 
JZ < 9 m

m
 

w
ith 

localised 
thickening 
of the JZ, 
poor 
definition 
of borders 
or H

SI foci 

M
anufa

cturer: 
Siem

ens
, M

agnet
om

 
Sym

pho
ny 
 System

: 
1.5T 
 Slice 
Thicknes
s: 

A
denom

yosis 
type, JZ 
thickness, 
M

yom
etrial 

thickness 

JZ 
thickness, 
M

yom
etria

l thickness 

M
ore 

dysperistalsi
s in diffuse 
adenom

yosi
s vs. focal, 
no 
significant 
relationship 
w

ith JZ 
thickness 



 
xxxiv 5.5 m

m
 

 Sequen
ces 
T1W

, 
T2W

 
K

issler 
et al. 
2006 
(77)  

Prospect
ive 
observat
ional 
cohort 
study 

To analyse 
the extent of 
adenom

yosi
s using M

RI 
and relate it 
to the 
duration of 
dysm

enorrh
oea 

70 patients 
w

ith severe 
dysm

enorrh
oea 

U
niversit

y H
ospital 

(G
erm

an
y) 

Patients w
ith 

severe 
dysm

enorrhoea 
w

ith or w
ithout 

infertility 

N
R 

JZ >9m
m

 
M

anufa
cturer: 
Siem

ens
, M

agnet
om

 
Sym

pho
ny 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
5.5 m

m
 

 Sequen
ces 
T1W

, 
T2W

 

A
denom

yosis 
type, JZ 
thickness, 
M

yom
etrial 

thickness 

JZ 
thickness, 
M

yom
etria

l thickness 

H
igher JZ 

associated 
w

ith longer-
term

 
dysm

enorrh
oea 

K
ilicke

sm
ez 

et al. 
2009 
(143)  

Prospect
ive 
observat
ional 
study 

To calculate 
the norm

al 
and 
diseased 
A

D
C

 values 
of the 
uterine 
zones, and 
to determ

ine 
a threshold 
A

D
C

 value 

87 patients 
(35 fibroid, 
26 
nabothian 
cysts, 14 
endom

etrial 
carcinom

a, 
12 
adenom

yosi
s, 10 
cervical 

U
niversit

y H
ospital 

(Turkey) 

M
alignant/beni

gn uterine 
lesion 

N
R 

N
R 

M
anufa

cturer: 
Siem

ens
, A

vanto 
 System

: 
1.5T 
 

JZ thickness, 
M

yom
etrium

 
thickness, 
A

D
C

 values 

A
D

C
 

values per 
uterine 
zone 
(benign, 
norm

al, 
m

alignant)
, JZ 
Thickness, 
M

yom
etriu

N
o 
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for the 
detection of 
uterine 
m

alignancie
s 

carcinom
a, 

10 
endom

etrial 
polyps), 50 
healthy 
controls (5 
perim

enopa
usal, 4 
postm

enopa
usal, 41 
prem

enopa
usal) 

Slice 
Thicknes
s: 
6.0 m

m
 

 Sequen
ces 
T1W

, 
T2W

, 
D

W
I, 

T1-C
E 

m
 

Thickness 

K
im

 et 
al. 
2011 
(144)  

Retrospe
ctive 
observat
ional 
study 
(interim

 
results) 

To evaluate 
the degree 
of 
sym

ptom
atic 

relief as w
ell 

as 
alterations 
in pain 
levels after 
M

RgFU
S 

treatm
ent 

35 w
om

en 
w

ith 
adenom

yosi
s that 
underw

ent 
M

RgFU
S  

U
niversit

y H
ospital 

(South 
Korea) 

W
om

en w
ith 

adenom
yosis 

undergoing 
M

rgFU
S 

treatm
ent w

ith 
dysm

enorrhoea
/ hyperm

enorrho
ea 

N
ot com

pleting 
treatm

ent 
N

R 
M

anufa
cturer: 
N

R 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
N

R 
 Sequen
ces 
N

R 

A
denom

yosis 
type, 
Presence of 
fibroids, 
U

terine 
volum

e, 
JZ/M

yom
etri

um
 ratio, JZ 

Thickness 

U
terine 

volum
e, 

JZ/M
yom

e
trium

 ratio, 
JZ 
Thickness 

M
ore 

sym
ptom

 
reduction in 
diffuse 
group, 

K
im

 et 
al. 
2011 
(169)  

Prospect
ive 
intervent
ional 
study 

To evaluate 
the safety 
and 
effectiveness 
of a new

 
em

bolisation 
technique to 
achieve 
com

plete 
necrosis of 

40 patients 
w

ith 
adenom

yosi
s diagnosed 
on M

RI 

U
niversit

y H
ospital 

(South 
Korea) 

A
denom

yosis 
diagnosed on 
M

RI w
ithout 

fibroids 

Presence of 
fibroids, 
Incom

plete 
treatm

ent 

JZ >12m
m

, 
ill-defined 
SI, H

SI foci 

M
anufa

cturer: 
G

E, 
Signa 
 System

: 
1.5T 
 

A
denom

yosis 
type, SI on 
T2, degree of 
necrosis after 
U

A
E, U

terine 
volum

e 

U
terine 

volum
e 

Low
 initial SI 

associated 
w

ith better 
therapy 
response 
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adenom
yosi

s after U
A

E 
and to 
determ

ine 
predictive 
factors on 
M

RI 

Slice 
Thicknes
s: 
5 m

m
 

 Sequen
ces 
T2W

 
T1W

 
K

im
 et 

al. 
2004 
(145)  

Retrospe
ctive 
intervent
ional 
cohort 
study 

To evaluate 
the 
therapeutic 
effectiveness 
of U

A
E for 

the 
treatm

ent of 
sym

ptom
atic 

pure 
adenom

yosi
s of the 
uterus 
w

ithout 
fibroids 

43 w
om

en 
w

ith 
sym

ptom
atic 

adenom
yosi

s  

U
niversit

y H
ospital 

(South 
Korea) 

Sym
ptom

atic 
w

om
en w

ith 
pure 
adenom

yosis 
undergoing 
U

A
E 

Presence of 
fibroids 

Poorly 
defined, 
low

 SI 
m

ass w
ith 

or w
ithout 

H
SI  foci 

on T2-
w

eighted 
im

aging 
and 
thickening 
of JZ > 12 
m

m
 

M
anufa

cturer: 
Siem

ens
, M

agnet
om

 
V

ision 
 System

: 
N

R 
 Slice 
Thicknes
s: 
6 m

m
 

 Sequen
ces 
T2W

, 
T1W

,  
T1 C

E  

D
egree of 

necrosis, 
U

terine 
volum

e, 
A

denom
yosis 

type, JZ 
thickness 

U
terine 

volum
e, JZ 

thickness 

Focal 
adenom

yosi
s show

ed a 
better 
therapy 
response. 
Sym

ptom
s 

and uterine 
volum

e 
significantly 
decreased 
after 
treatm

ent. 
N

o direct 
correlation 
investigated. 

K
itam

ura et 
al. 
2006 
(146)  

Prospect
ive 
observat
ional 
study 

To describe 
the M

RI 
features of 
patients w

ith 
pure or 
dom

inant 
adenom

yosi
s treated 

31 w
om

en 
w

ith 
adenom

yosi
s 

U
niversit

y H
ospital 

(U
SA

) 

Sym
ptom

atic 
w

om
en w

ith 
clinical 
suspected 
adenom

yosis  

A
denom

yosis not 
being the 
dom

inant 
abnorm

ality 

JZ > 12 
m

m
, 

dom
inant 

adenom
yos

is w
as 

diagnosed 
w

hen 
coexisting 

M
anufa

cturer: 
Siem

ens
, M

agnet
om

 
V

ision 
 

U
terine 

volum
e, JZ 

thickness, 
JZ/M

yom
etri

um
 ratio, 

A
denom

yosis 
distribution 

U
terine 

volum
e, JZ 

thickness, 
JZ/M

yom
e

trium
 ratio 

U
terine 

volum
e, JZ 

and JZ/M
yo 

ratio 
significantly 
decreased 
after 
therapy. N

o 
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w
ith U

A
E 

and to 
correlate 
im

aging 
features 
w

ith 
sym

ptom
s 

fibroids < 4 
cm

. 
System

: 
1.5T 
 Slice 
Thicknes
s: 
N

R 
 Sequen
ces 
T1W

, 
T2W

, 
T1- 
D

ynam
i

c C
E 

correlation 
betw

een 
M

RI 
param

eters 
and degree 
of sym

ptom
 

reduction 
investigated. 

K
rinsk

y et 
al. 
1997 
(147)  

Prospect
ive 
observat
ional 
study 

To com
pare 

im
ages 

obtained 
w

ith three 
different 
rapid T2-
w

eighted 
pulse 
sequences 
w

ith im
ages 

from
 a 

standard 
high-
resolution 
M

RI of 
uterine 
leiom

yom
a 

and 
adenom

yosi
s TSE 
sequence  

18 w
om

en 
referred for 
M

RI w
ith 

adenom
yosi

s or 
leiom

yom
a   

U
niversit

y hospital 
(U

SA
) 

W
om

en 
referred for 
M

RI of the 
uterus  

N
R 

D
iffuse or 

focal low
 

SI 
m

yom
etrial 

m
ass, w

ith 
indistinct 
m

argins, 
w

hich 
blended 
im

percepti
bly w

ith 
surroundin
g m

yom
etriu

m
, or as 

diffuse 
thickening 
of the JZ 
>12m

m
 

M
anufa

cturer: 
Siem

ens
, M

agnet
om

 
V

ision 
System

: 
1.5T 
 Slice 
Thicknes
s: 
4-7 m

m
 

 Sequen
ces 
T2W

 

JZ thickness, 
Presence of 
H

SI foci (on 
T2), 
A

denom
yosis 

type, 
Presence of 
fibroids 

JZ 
thickness, 
A

denom
yo

sis lesion 
volum

e, 
U

terine 
volum

e 

JZ thickness, 
and lesion 
size 
decreased 
after 
therapy. N

o 
correlation 
w

ith 
sym

ptom
 

reduction 
investigated.  
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K
unz 

et al. 
2007 
(148)  

Prospect
ive 
observat
ional 
study 

To present a 
com

prehensi
ve view

 of 
adenom

yosi
s as a 
disease 
possibly 
affecting 
w

om
en all 

of ages 
during the 
reproductive 
phase of life 

160 w
om

en 
w

ith 
infertility 
due to 
endom

etrios
is, 67 
healthy 
controls 

U
niversit

y hospital 
(G

erm
an

y) 

H
istory of 

infertility w
ith 

endom
etriosis 

diagnosed by 
laparoscopy, 
w

ith a regular 
m

enstrual cycle 

Irregular 
m

enstrual cycle, 
Bleeding 
disorder, U

terine 
anom

alies 
(fibroids, 
congenital) 

N
R 

M
anufa

cturer: 
Siem

ens
, M

agnet
om

 
Im

pact 
 System

: 
1.0T 
 Slice 
Thicknes
s: 
3-4m

m
 

 Sequen
ces 
T2W

 

JZ thickness, 
M

yom
etrium

 
thickness, 
JZ/M

yom
etri

um
 ratio 

JZ 
thickness, 
M

yom
etriu

m
 

thickness, 
JZ/M

yom
e

trium
 ratio 

Larger 
posterior JZ 
in w

om
en 

w
ith 

concom
itant 

endom
etrios

is.  

K
unz 

et al. 
2005 
(100)  

Prospect
ive 
observat
ional 
study 

To 
substantiate 
role of 
adenom

yosi
s in infertility 

160 w
om

en 
w

ith 
infertility 
due to 
endom

etrios
is, 67 
healthy 
controls 

U
niversit

y hospital 
(G

erm
an

y) 

H
istory of 

infertility w
ith 

endom
etriosis 

diagnosed by 
laparoscopy, 
w

ith a regular 
m

enstrual cycle 

Irregular 
m

enstrual cycle, 
Bleeding 
disorder, U

terine 
anom

alies 
(fibroids, 
congenital) 

N
R 

M
anufa

cturer: 
Siem

ens 
M

agnet
om

 
Im

pact 
 System

: 
1.0T 
 Slice 
Thicknes
s: 
3-4m

m
 

 Sequen
ces 
T2W

 

JZ thickness, 
Endom

etrium
 

length, 
U

terine 
length,  Total 
m

yom
etrium

 
thickness 

Endom
etri

um
 length, 

JZ 
thickness, 
M

yom
etriu

m
 

thickness, 
U

terine 
length 

W
om

en w
ith 

endom
etrios

is also had 
the m

ost 
extensive 
adenom

yosi
s. N

o 
correlation 
w

ith degree 
of 
endom

etrios
is infiltration.  
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Larsen 
et al. 
2011 
(149)  

Prospect
ive 
observat
ional 
study 

To evaluate 
im

age 
findings in 
the JZ in 
patients w

ith 
endom

etrios
is and 
correlate 
w

ith im
age 

findings of 
adenom

yosi
s. To 
attem

pt a 
correlation 
of the 
degree of 
adenom

yoti
c infiltration 
w

ith the 
degree of 
infiltration 
and stage of 
endom

etrios
is 

G
roup 1: 

Patients w
ith 

suspected 
D

IE (n= 
153), 
G

roup 2: 
C

ervical 
cancer 
patients 
(n=29), 
G

roup 3: 
Patients 
undergoing 
hysterectom
y for benign 
conditions 
(n=100) 

U
niversit

y H
ospital 

(D
enm

ar
k) 

153 Patients 
w

ith suspected 
D

IE about to 
undergo 
surgery, and 
129 w

ithout 
endom

etriosis 
before 
hysterectom

y 

N
R 

(a) In the 
presence 
of 
focal 
poorly 
dem

arcate
d LSI areas 
in the 
m

yom
etriu

m
 

w
ith H

SI 
m

yom
etrial 

spots 
arising 
from

 the 
JZ, 
 O

R 
(b) JZ  >15 
m

m
 O

R 
(c) w

hen a 
JZ-diff of 
>5 m

m
 w

as 
present. 

M
anufa

cturer: 
G

E, 
Signa 
or 
Phillips, 
A

chieva 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
4m

m
 

 Sequen
ces 
T2W

 

JZ m
in, JZ 

m
ax, JZ D

iff, 
Poor JZ 
definition, 
JZ/M

yom
etri

um
 ratio, 

Presence of 
H

SI foci (on 
T2), U

terine 
w

all thickness 

JZ M
in, JZ 

M
ax, JZ 

D
iff, 

A
nterior/ 

posterior 
uterine 
w

all 
thickness, 
JZ/M

yom
e

trium
 ratio 

H
igher 

m
ean JZ in 

w
om

en w
ith 

(m
ore 

severe) 
endom

etrios
is 

Lee et 
al. 
2017 
(165)  

Prospect
ive 
intervent
ional 
cohort 
study 

To assess 
the changes 
in A

M
H

 
levels after 
ablation for 
sym

ptom
atic 

uterine 
fibroids and 
adenom

yosi
s using 
U

SgH
IFU

 

79 Patients 
w

ith uterus 
fibroids and 
adenom

yosi
s (fibroid 
n=45, 
adenom

yosi
s n=34) 

U
niversit

y hospital 
(South 
Korea) 

Sym
ptom

atic 
uterine fibroids 
and 
adenom

yosis 

(1) Pedunculated 
uterine fibroids, 
A

sym
ptom

atic 
uterine fibroids 
<5 cm

 in 
diam

eter; 
(2) A

sym
ptom

atic 
focal 
adenom

yosis; (3) 
A

bdom
inal w

all 
thickness of > 5 
cm

;  

N
R 

M
anufa

cturer: 
N

R 
 System

: 
N

R 
 Slice 
Thicknes
s: 
N

R 
 

A
denom

yosis 
lesion volum

e 
A

denom
yo

sis lesion 
volum

e 

N
o  



 
xl 

(4) Suspected 
m

alignancy;  
(5) Evidence of 
know

n or 
suspected 
extensive pelvic 
adhesions such as 
a history of acute 
pelvic 
inflam

m
atory 

disease and 
severe pelvic 
endom

etriosis; (6) 
BM

I > 25, a 
history of 
sm

oking, alcohol, 
endocrine 
disease, 
polycystic ovarian 
disease, low

er 
abdom

inal 
surgery including 
ovarian surgery, 
and 
chem

otherapy 
prior to this 
treatm

ent 

Sequen
ces 
T2W

, 
T1W

 

Leyen
decke
r et 
al. 
2015 
(8)  

Retrospe
ctive 
observat
ional 
study 

(1) To 
corroborate 
the concept 
of auto- 
traum

atisati
on by re-
visiting, in 
view

 of 
discrepant 
results in the 
literature, 

143 w
om

en 
w

ith 
suspected 
adenom

yosi
s on the 
basis of 
TV

U
S and 

sym
ptom

s 

Referral 
H

ospital 
(G

erm
an

y) 

A
ge 18-42, 

TV
U

S M
U

SA
 

criteria;  
O

ptional: w
ith 

endom
etriosis, 

dysm
enorrhoea 

Fibroids 
JZ > 12 
m

m
  

O
R  JZ 

<12m
m

, 
w

ith: cystic 
structures 
w

ithin the 
JZ, focal 
thickening 
of the JZ 
that could 

M
anufa

cturer: 
Siem

ens
, M

agnet
om

 
Im

pact 
 System

: 
1.0T 
 

JZ thickness, 
A

nterior/Post
erior m

ax 
uterine w

all 
diam

eter, 
Lesion 
localisation, 
A

denom
yosis 

type, 
Presence of 
cystic 

JZ 
thickness, 
M

axim
um

 
uterine 
w

all 
thickness 
(anterior 
vs. 
posterior) 

M
ore 

endom
etrios

is in group 
w

ith higher 
m

ean JZ.  
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the 
association 
of 
adenom

yosi
s w

ith 
endom

etrios
is and (2) to 
extend our 
view

s 
concerning 
the 
m

echanism
s 

of uterine 
auto-
traum

atizati
on. 

not be 
related to 
functional 
alterations 

Slice 
Thicknes
s: 
3 m

m
 

 Sequen
ces 
T2W

, 
T1W

 

structures (on 
T2) 

Lohle 
et al. 
2007 
(150)  

M
ulti-

centre 
Retrospe
ctive 
study 

To evaluate 
clinical and 
M

RI results 
after U

A
E in 

w
om

en w
ith 

sym
ptom

atic 
adenom

yosi
s w

ith or 
w

ithout 
uterine 
leiom

yom
a 

38 w
om

en 
w

ith 
sym

ptom
atic 

adenom
yosi

s treated 
w

ith U
A

E 
(adenom

yos
is only 
n=12, 
adenom

yosi
s dom

inance 
w

ith 
fibroids, 
n=12, 
fibroid 
dom

inance 
n=8) 

2 public 
hospitals 
(N

etherl
ands &

 
G

erm
any

) 

W
om

en having 
undergone 
U

A
E 

N
R 

D
iffuse or 

focal 
broadenin
g of the JZ 
>12m

m
 

w
ith LSI on 

T2W
 

im
ages,  

w
ith or 

w
ithout 

punctate 
H

SI 
m

yom
etrial 

foci 
correspond
ing to 
m

yom
etrial 

cysts 

M
anufa

cturer: 
Siem

ens
, M

agnet
om

 
V

ision/
Sym

pho
ny 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
5 m

m
 

 Sequen
ces 

U
terine 

volum
e, 

Fibroid 
volum

e, JZ 
thickness, 
C

ontrast 
enhancem

ent, 
A

denom
yosis 

type 

U
terine 

volum
e, JZ 

thickness 

M
ore JZ 

decrease in 
fibroid 
group. 
Significant 
uterine 
volum

e 
reduction 
after 
treatm

ent. 
N

o specific 
correlation 
betw

een 
these 
param

eters 
and 
sym

ptom
 

reduction 
investigated.  



 
xlii 

T2W
, 

T1W
, 

T1-C
E 

Long 
et al. 
2015 
(166)  

Prospect
ive 
intervent
ional 
study 

To evaluate 
the efficacy, 
safety and 
sexual life 
quality 
outcom

es of 
ultrasound-
guided H

IFU
 

ablations for 
the 
treatm

ent of 
patients w

ith 
sym

ptom
atic 

adenom
yosi

s and 
uterine 
volum

es 
>200 cm

3 

51 
adenom

yosi
s patients 
w

ith a 
uterine 
volum

e  
>200 cm

3  

U
niversit

y H
ospital 

(C
hina) 

A
denom

yosis 
diagnosis 
confirm

ed by at 
least tw

o 
gynaecologists 
and H

IFU
 

physicians 
according to 
clinical 
m

anifestations 
and M

RI. >18 
years, no 
m

edical 
treatm

ents at 3 
m

onths before 
surgery. 
Patients w

ith 
adenom

yosis 
>3 cm

 
diam

eter, 
located at 
unilateral 
uterine m

uscle 
w

alls w
ith 

surgical 
indications, had 
desire to 
receive 
treatm

ents and 
com

plied w
ith 

12 m
onth 

follow
-up. 

A
ccurate 

com
m

unication 
w

ith physicians 

A
cute pelvic 

inflam
m

ation or 
acute episodes of 
chronic pelvic 
inflam

m
ation, 

patients during 
m

enstruation, 
pregnancy and 
lactation periods. 
C

onnective tissue 
illnesses or 
received 
abdom

inal 
radiotherapy w

ith 
a large dosage. 
Patients w

hich 
had undergone 
enhanced M

RI 
and had 
anaesthetic 
contraindications 

N
R 

M
anufa

cturer: 
SIem

ens
, M

agnet
om

 
V

ision 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
N

R 
 Sequen
ces: 
T1W

 
spin-
echo, 
T2W

 
spin-
echo, 
T1W

 
gradien
t-echo 

Size and 
location of 
lesions 
(anterior or 
posterior 
w

all). Lesion 
and uterus 
volum

e 

U
terus 

volum
e, 

adenom
yo

sis lesion 
volum

e 

U
terine and 

lesion 
volum

e 
reduced 
after 
therapy. N

o 
specific 
correlation 
investigated 
betw

een 
volum

e 
reduction 
and degree 
of sym

ptom
 

reduction. 
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and nurses, no 
other 
com

plications, 
<51 years, 
partners alive 

M
arce

llin et 
al. 
2018 
(151)  

Prospect
ive 
observat
ional 
cross-
sectional 
study 

To evaluate 
the 
association 
betw

een 
bladder D

IE 
and anterior 
focal 
adenom

yosi
s of the outer 
m

yom
etrium

 
(aFA

O
M

) 
diagnosed 
by 
preoperativ
e M

RI. 

W
om

en 
undergoing 
surgical 
excision of 
endom

etrios
is 

U
niversit

y hospital 
(France) 

<42 years, non-
pregnant, w

ith 
surgery of 
endom

etriosis 
lesions 

N
o pre-operative 

M
RI, W

om
en w

ith 
cancer, Infectious 
disease, N

o 
consent 

D
iffuse 

adenom
yos

is: JZ 
M

ax> 12 
m

m
 and 

m
axim

al 
JZ/m

yom
et

rial ratio > 
40%

. 
FA

O
M

: 
presence 
of H

SI foci 
w

ithin the 
m

yom
etriu

m
 on axial 

and 
sagittal T2 
planes. 
Focal 
adenom

yos
is: 
correspond
s to 
subtype 
II (extrinsic) 
according 
to the Kishi 
classificatio
n and m

ust 
be 
considered 

M
anufa

cturer: 
Siem

ens
, Sonata 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
5m

m
  

 Sequen
ces 
T2W

, 
T1W

 

A
denom

yosis 
type, 
localisation, 
JZ thickness, 
JZ M

ax, 
JZ/m

yom
etriu

m
 ratio, 

m
yom

etrium
 

thickness. 
A

denom
yosis 

volum
e, H

SI 
foci (on T2), 
posterior 
FA

O
M

 

A
denom

yo
sis volum

e, 
JZ 
thickness, 
JZ M

ax, 
M

yom
etriu

m
 

thickness, 
JZ/M

yom
e

trium
 ratio 

N
o 

correlation 
betw

een 
sym

ptom
s 

and 
adenom

yosi
s (subtype) 
on M

RI.  



 
xliv 

as focal 
adenom

yos
is located 
in the outer 
m

yom
etriu

m
 

(FA
O

M
). 

N
ijen

huis et 
al. 
2015 
(60)  

Prospect
ive 
observat
ional 
study 

To assess 
m

idterm
 

outcom
e of 

U
A

E for 
w

om
en w

ith 
therapy 
resistant 
adenom

yosi
s using 
polyzene F-
coated 
hydrogel 
m

icrosphere
s 

29 w
om

en 
w

ith 
adenom

yosi
s (15 in 
com

bination 
w

ith 
fibroids) 

U
niversit

y H
ospital 

(N
etherl

ands) 

W
om

en w
ith 

therapy-
resistant 
adenom

yosis 
w

ith or w
ithout 

fibroids, 
suffering from

 
heavy 
m

enstrual pain 
or bulk related 
sym

ptom
s or a 

com
bination 

Pregnancy, 
Suspicion or 
presence of a 
m

alignancy or 
infection, A

lready 
infarcted fibroids, 
Post-m

enopausal 
status, 
A

sym
ptom

atology 
and w

om
en w

ho 
w

ished to 
conceive 

LSI of the 
m

yom
etriu

m
 on T2W

 
im

ages, 
D

iffuse or 
focal 
thickening 
of JZ >12 
m

m
 w

ith or 
w

ithout H
SI 

foci 
correspond
ing to 
m

yom
etrial 

cysts 

M
anufa

cturer: 
N

R 
 System

: 
N

R 
 Slice 
Thicknes
s: 
N

R 
 Sequen
ces 
T2W

,, 
T1W

, 
T1-C

E  

JZ thickness, 
U

terine 
volum

e, 
Infarction 
percentage 
of fibroids 
and uterus 

JZ 
thickness, 
U

terus 
volum

e 

JZ thickness 
could 
predict 
therapy 
response. 
H

igher 
baseline JZ 
associated 
w

ith 
sym

ptom
 

recurrence. 

Parker 
et al. 
2006 
(152)  

Prospect
ive 
clinical 
trial 

To evaluate 
w

hether 
persistence 
of pelvic 
pain after 
excision of 
endom

etrios
is w

as 
associated 
w

ith 
adenom

yosi
s as defined 
by a 

53 w
om

en 
w

ith chronic 
pelvic pain 

G
overnm

ent 
research 
hospital 
(U

SA
) 

Reproductive 
aged w

om
en 

w
ith chronic 

pelvic pain. 

N
R 

JZ > 11 
m

m
 

M
anufa

cturer: 
N

R 
 System

: 
N

R 
 Slice 
Thicknes
s: 
N

R 
 Sequen
ces 

JZ thickness, 
Presence of 
endom

etriosis 

JZ 
thickness 

H
igher 

m
ean JZ 

associated 
w

ith less 
sym

ptom
 

reduction, 
higher 
baseline 
pain levels, 
age and 
parity. 
Endom

etrios
is stage not 
associated 
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thickened JZ 
on M

RI 
T2W

 
w

ith JZ 
thickness.  

Park 
et al. 
2015 
(153)  

Prospect
ive 
cohort 
study 

To 
determ

ine 
the 
usefulness of 
the A

D
C

 in 
predicting 
response to 
U

A
E for 

sym
ptom

atic 
adenom

yosi
s 

25 patients 
undergoing 
U

A
E for 

sym
ptom

atic 
adenom

yosi
s 

U
niversit

y H
ospital 

(South 
Korea) 

Patients w
ho 

visited the 
study site for 
sym

ptom
atic 

adenom
yosis 

(m
enorrhagia, 

dysm
enorrhoea

, or bulk-
related 
sym

ptom
s) 

Patients desiring 
future pregnancy 

D
iffuse or 

focal 
thickening 
>12m

m
 of 

the JZ, an 
ill-defined, 
LSI area of 
the 
m

yom
etriu

m
, or 

punctate 
H

SI 
m

yom
etrial 

foci on 
T2W

 
im

ages 

M
anufa

cturer: 
G

E, 
Signa 
 System

: 
3.0T 
 Slice 
Thicknes
s: 
4 m

m
 

 Sequen
ces 
D

W
I, 

T2W
, 

T1W
 

A
D

C
 values, 

JZ thickness, 
A

denom
yosis 

type, H
SI foci 

(on T2), 
U

terine 
volum

e 

A
D

C
 

value, JZ 
thickness, 
U

terine 
volum

e 

Low
er A

D
C

 
value 
associated 
w

ith better 
treatm

ent 
response. 

Pelag
e et 
al. 
2005 
(154)  

Prospect
ive 
intervent
ional 
cohort 
study 

To evaluate 
the m

idterm
 

results of 
U

A
E for 

sym
ptom

atic 
adenom

yosi
s 

18 w
om

en 
w

ith 
sym

ptom
atic 

adenom
yosi

s 

Referral 
hospital 
(France) 

Sym
ptom

s 
related to 
adenom

yosis, 
therapy w

ith 
progestogen, 
haem

ostatic 
agents, or 
G

nRH
 agonists 

had failed 

A
ssociated 

fibroids 
M

yom
etrial 

LSI, diffuse 
or focal 
thickening 
>12m

m
 of 

the JZ, H
SI 

foci 
correspond
ing to 
m

yom
etrial 

cysts, poor 
definition 
of the JZ, 
and poor 
definition 
of lesion 
borders 

M
anufa

cturer: 
G

E, 
Signa 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
N

R 
 Sequen
ces 
T2W

, 
T1W

 

JZ Thickness, 
poor 
definition JZ, 
presence of 
m

yom
etrial 

cysts , 
presence of 
H

SI foci (on 
T2), U

terine 
volum

e, 
A

denom
yosis 

volum
e 

JZ 
thickness, 
U

terine 
volum

e, 
A

denom
yo

sis volum
e 

U
terine and 

lesion 
volum

e 
reduced 
after 
treatm

ent, 
as did 
sym

ptom
s. 

N
o direct 

correlation 
investigated.  
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Sam
 

et al. 
2019 
(155)  

M
ulticen

tre 
retrospe
ctive 
cohort 
study 

To 
determ

ine 
the 
diagnostic 
accuracy of 
com

m
only 

described 
sonographic 
findings in 
predicting 
uterine 
adenom

yosi
s 

649 patients 
undergoing 
M

RI and 
ultrasound  

3 Teaching 
hospitals 
(C

anada
) 

Patients that 
underw

ent 
ultrasound 12 
m

onths or m
ore 

before pelvic 
M

RI, 18 years 
or older, w

hose 
definitive 
diagnosis for 
the 
presence/abse
nce of 
adenom

yosis 
w

as 
docum

ented on 
the clinical M

RI 
report 

C
ases involving 

equivocal 
diagnosis of 
adenom

yosis on 
M

RI or those in 
w

hich M
RI w

as 
not evaluable. 
C

ases in w
hich 

adenom
yosis w

as 
detected 
incidentally 

JZ 
thickness > 
12 m

m
 O

R 
JZ 
thickness 8-
12 m

m
  

w
ith the 

presence 
of at least 
one of the 
follow

ing: 
m

yom
etrial 

cysts, JZ 
D

iff >5m
m

 
and 
m

axim
um

 
JZ/M

yom
e

trium
 Ratio 

>40%
 

M
anufa

cturer: 
N

R 
System

: 
1.5T 
 Slice 
Thicknes
s: 
4-6 m

m
 

 Sequen
ces 
T1W

, 
T2W

 

U
terus 

volum
e, JZ 

thickness, JZ 
D

iff, 
JZ/M

yom
etri

um
 Ratio, SI 

of 
m

yom
etrium

 
(on T2) 

U
terus 

volum
e, JZ 

thickness, 
JZ D

iff, 
JZ/M

yom
e

trium
 

Ratio, 

N
o 

Siskin 
et al. 
2001 
(156)  

Retrospe
ctive 
cohort 
study 

To evaluate 
the M

RI 
appearance 
and clinical 
response of 
patients 
undergoing 
U

A
E for the 

treatm
ent of 

m
enorrhagi

a due to 
adenom

yosi
s 

15 patients 
w

ith 
adenom

yosi
s and 
m

enorrhagi
a 

U
niversit

y H
ospital 

(U
SA

) 

W
om

en visiting 
the outpatient 
clinic initially 
diagnosed w

ith 
uterine fibroids 
by their 
gynaecologists, 
w

ith signs of 
adenom

yosis 
on M

RI 

N
R 

JZ > 
12m

m
. 

Presence of 
m

yom
etrial 

H
SI foci 

w
as 

considered 
ancillary 
evidence of 
adenom

yos
is 

M
anufa

cturer: 
G

E, 
Signa 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
5 m

m
 

 Sequen
ces 
T2W

, 
T1W

 

JZ Thickness, 
JZ M

ax, 
A

denom
yosis 

type, U
terine 

volum
e, 

Presence of 
fibroids, 
Fibroid 
volum

e 

JZ 
Thickness, 
JZ M

ax, 
U

terine 
volum

e 

JZ thickness 
, U

terine 
volum

e and 
sym

ptom
s 

reduced 
after 
treatm

ent. 
N

o direct 
correlation 
investigated. 

Sm
eet

s et 
Retrospe
ctive 

To evaluate 
long-term

 
40 w

om
en 

w
ith 

Regional 
hospital 

W
om

en w
ith 

adenom
yosis 

N
R 

D
iffuse or 

focal JZ 
M

anufa
cturer: 

JZ Thickness, 
adenom

yosis 
JZ 
thickness 

N
o direct 

correlation 
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al. 
2012 
(59)  

intervent
ional 
cohort 
study 

outcom
es of 

U
A

E in 
w

om
en w

ith 
adenom

yosi
s. 

adenom
yosi

s 
(N

etherl
ands) 

having 
undergone 
U

A
E 

thickness 
>12m

m
  

w
ith 

m
yom

etrial 
LSI on T2W

 

N
R 

 System
: 

N
R 

 Slice 
Thicknes
s: 
N

R 
 Sequen
ces 
T1W

, 
T2W

 

type, 
presence of 
H

SI foci (on 
T1/T2) 

betw
een 

degree of 
JZ reduction 
and degree 
of sym

ptom
 

reduction. 
H

ow
ever, 

higher 
baseline JZ 
associated 
w

ith therapy 
resistance 
and m

ore 
sym

ptom
 

severity. 
Sofic 
et al. 
2016 
(157)  

Prospect
ive, 
com

par
ative 
study 

To define 
the M

RI 
appearance 
of disorder 
in the JZ in 
w

om
en w

ith 
adenom

yosi
s com

pared 
to those 
w

ithout 

A
denom

yosi
s patients 
(n=82) vs. 
C

ontrol 
(n=82) 

U
niversit

y H
ospital 

(Bosnia) 

W
om

en w
ith 

adenom
yosis 

on M
RI  

N
R 

JZ > 12m
m

 
M

anufa
cturer: 
Siem

ens 
or G

E 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
2 m

m
 

 Sequen
ces 
T2W

, 
T1W

 

JZ Thickness, 
A

denom
yosis 

type, 
Presence of 
fibroids or 
endom

etriosis  

JZ 
Thickness 

N
o 

Song 
et al. 
2011 
(158)  

Retrospe
ctive 
cohort 
study 

To evaluate 
the  M

RI 
features of 
uterine 
adenom

yom

7 patients 
w

ith 
surgically 
proven 

U
niversit

y H
ospital 

(South 
Korea) 

Patients having 
undergone 
surgical 
rem

oval of 
adenom

yom
as, 

N
R 

JZ > 12 
m

m
 O

R 
ill-defined 
LSI 
m

yom
etrial 

M
anufa

cturer: 
Siem

ens
, M

agnet

Lesion size, 
location, 
m

argin, 
presence of 
adenom

yosis, 

A
denom

yo
m

a size, 
JZ 
thickness 

N
o 
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a in 
com

parison 
w

ith 
histopatholo
gic findings. 

adenom
yom

as 
w

ith pre-
operative M

RI 
m

ass w
ith 

em
bedded 

H
SI foci on 

T2W
 

im
ages 

om
 

Sonata 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
4-5 m

m
 

 Sequen
ces 
T1W

, 
T2W

, 
T1-C

E 

Lesion SI, SI 
pattern of 
lesion 
borders (on 
T1/T2) 

Stoeli
nga et 
al. 
2014 
(159)  

Prospect
ive 
diagnost
ic 
evaluati
on study 

To estim
ate 

the inter-
observer 
agreem

ent 
and 
reproducibili
ty of real-
tim

e sono-
elastograph
y and real-
tim

e gray-
scale U

S in 
the 
m

easurem
en

t of uterine 
and fibroid 
volum

es. To 
evaluate 
agreem

ent 
betw

een 
real-tim

e 
gray-scale 

Prem
enopau

sal w
om

en 
suspected of 
having 
fibroids 
(n=10), 
adenom

yosi
s (n=10), 10 
w

om
en 

w
ithout 

gynaecologi
c disorders 
or current 
com

plaints 

U
niversit

y H
ospital 

(N
etherl

ands) 

Prem
enopausal 

w
om

en: 10 
w

ith uterine 
fibroids, 10 
w

ith 
adenom

yosis, 
10 w

ith no 
gynaecologic 
disorders.  

Patients w
ho had 

started 
m

edication or 
had undergone 
uterine surgery in 
the period 
betw

een U
S and 

M
RI 

JZ >12m
m

 
or JZ D

iff > 
5m

m
 

M
anufa

cturer: 
Siem

ens 
Sonata 
or 
A

vanto 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
4m

m
 

 Sequen
ces 
T2 

JZ Thickness, 
JZ D

iff, 
U

terine 
length, w

idth, 
diam

eter, 
U

terine 
volum

e, 
Presence of 
fibroids, 
Fibroid 
volum

e 

JZ 
thickness, 
JZ D

iff, 
U

terus 
volum

e, 
U

terine 
length/w

id
th/diam

ete
r 

N
o 
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U
S, sono-

elastograph
y and M

RI 
w

ith respect 
to these 
outcom

es.  
To evaluate 
the 
diagnostic 
accuracy of 
sono-
elastograph
y in the 
diagnosis of 
uterine 
pathology 
on stored 
sono-
elastograph
y and gray-
scale cine 
loops 

Streuli 
et al. 
2016 
(160)  

Prospect
ive 
cross-
sectional 
study 

To assess 
w

hether 
serum

 
osteopontin 
levels are 
different 
according to 
specific M

RI 
phenotypes 
of 
adenom

yosi
s and 
endom

etrios
is 

148 non-
pregnant 
w

om
en <42 

years, 
undergoing 
surgery for 
a benign 
gynaecologi
cal 
condition 
and w

ho 
had a pre-
operative 
pelvic M

RI 

U
niversit

y H
ospital 

(France) 

A
ll non-

pregnant 
w

om
en <42 

years w
ho 

underw
ent a 

surgical 
intervention by 
laparoscopy or 
laparotom

y for 
a benign 
gynaecological 
indication 

W
om

en w
ith 

cancer or 
borderline 
tum

ours, those 
w

ho did not 
consent to the 
study 

D
iffuse 

A
denom

yo
sis 
JZ M

ax 
>12 m

m
 

and/or JZ 
/M

yom
etri

um
 

Ratio>40%
 

and/or H
SI 

m
yom

etrial 
spots .  
Focal 
adenom

yos
is; 

M
anufa

cturer: 
N

R 
 System

: 
N

R 
 Slice 
Thicknes
s: 
N

R 
 Sequen
ces 
N

R 

A
denom

yosis 
type, 
JZ thickness,  
M

yom
etrial 

thickness, 
JZ/m

yom
etriu

m
 ratio, 

Presence of 
H

SI foci (on 
T2) 

JZ 
thickness, 
JZ M

ax, 
m

yom
etrial 

thickness, 
JZ/M

yom
e

trium
 ratio 

Focal 
adenom

yosi
s associated 
w

ith best 
therapy 
response. 
Significant 
uterine 
volum

e and 
sym

ptom
 

reduction 
after 
treatm

ent. 
N

o direct 



 
l 

localized, 
ill-defined, 
LSI m

ass in 
the 
m

yom
etriu

m
 

correlation 
investigated.  

V
erm

a et 
al. 
2009 
(161)  

Retrospe
ctive 
cohort 
study 

to describe 
the sono-
hysterograp
hic features 
of 
adenom

yosi
s w

ith M
RI 

correlation 

26 w
om

en 
w

ho 
underw

ent 
SH

G
 and 

M
RI w

ith 
suspected 
adenom

yosi
s 

U
niversit

y H
ospital 

(U
SA

) 

W
om

en w
ith 

suspected 
adenom

yosis 
undergoing 
SH

G
 and M

RI 

N
R 

O
ne of the 

follow
ing: 

JZ > 12 
m

m
, JZ 

cysts, or 
indistinct JZ 
m

argins 

M
anufa

cturer: 
G

E, 
Signa 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
5-6 m

m
 

 Sequen
ces 
T2W

, 
T1W

, 
C

E 

JZ thickness, 
JZ 
irregularity, 
A

denom
yosis 

type 

JZ 
thickness 

N
o 

W
ang 

et al. 
2016 
(170)  

Prospect
ive 
intervent
ional 
cohort 
study 

To evaluate 
the safety 
and efficacy 
of U

A
E for 

the 
treatm

ent of 
adenom

yosi
s. 

117 
Prem

enopau
sal patients 
diagnosed 
w

ith 
adenom

yosi
s 

Teaching 
hospital 
(C

hina) 

Prem
enopausal 

patients 
presenting w

ith 
adenom

yosis 
w

ith heavy 
m

enstrual 
bleeding and 
dysm

enorrhea 

C
onfirm

ed 
pregnancy, active 
pelvic 
inflam

m
atory 

disease, renal 
insufficiency, 
undiagnosed 
pelvic m

ass, or 
urogenital 
infections 

N
R 

M
anufa

cturer: 
N

R 
 System

: 
N

R 
 Slice 
Thicknes
s: 
N

R 
 Sequen
ces 

U
terine 

volum
e 

U
terine 

volum
e 

Significant 
decrease in 
uterine 
volum

e after 
treatm

ent. 
N

o 
relationship 
to clinical 
outcom

es 
m

entioned.  



  
li 

N
R 

Xia et 
al. 
2014 
(162)  

Prospect
ive 
feasibilit
y study 

To evaluate 
the 
feasibility of 
energy 
prediction of 
percutaneou
s m

icrow
ave 

ablation 
(PM

W
A

) 
upon uterine 
fibroids and 
adenom

yosi
s by M

RI 

63 patients 
(fibroids = 
49, 
adenom

yosi
s=14) 

Regional 
hospital 
(C

hina) 

Patients w
ith 

uterine fibroids 
s and 
adenom

yosis 
w

ho had been 
diagnosed by 
ultrasonograph
y and C

E M
RI; 

Patients w
ho 

had 
experienced 
one of the 
follow

ing 
sym

ptom
s for > 

1 year: 
m

enorrhagia or 
m

etrorrhagia, 
dysm

enorrhoea
, low

er 
abdom

inal 
pain, bulk 
pressure or 
urinary 
frequency; Pre-
m

enopausal 
patients > 18. 
years of age; 
Patients w

ith no 
reproductive 
needs 

M
enstruating, 

pregnant or 
breastfeeding 
fem

ales; Pelvic 
infection, 
coagulation 
disorders, heart 
or brain disease 
or m

alignant 
tum

ours 

JZ >5m
m

 
and lesion 
size >3 cm

 

M
anufa

cturer: 
G

E, 
Signa 
 System

: 
1.5T 
 Slice 
Thicknes
s: 
5 m

m
 

 Sequen
ces 
T1W

, 
T2W

, 
C

E 

SI of lesion 
(on T1/T2), 
Lesion 
volum

e, JZ 
thickness, 
Fibroid size 

Lesion 
volum

e, JZ 
thickness 

N
o 

Xiong 
et al. 
2015 
(167)  

Retrospe
ctive 
cohort 
study 

To com
pare 

therapeutic 
efficacy and 
adverse 
effects of 
U

SgH
IFU

 

534 patients 
w

ith 
adenom

yosi
s 

U
niversit

y H
ospital 

(C
hina) 

N
R 

N
R 

D
iffuse or 

focal 
thickening 
of JZ or 
presence 
of a LSI 

M
anufa

cturer: 
Siem

ens
, M

agnet
om

 

Lesion size, 
Lesion 
localisation, 
Lesion SI, 
U

terine 
volum

e 

U
terine 

volum
e, 

Lesion size 

N
o 



 
lii 

treatm
ent 

for 
adenom

yoti
c patients 
w

ith or 
w

ithout 
prior 
abdom

inal 
surgical 
scars 

m
yom

etrial 
m

ass w
ith 

ill-defined 
borders 

Sym
pho

ny 
 System

: 
1.5T  
 Slice 
Thicknes
s: 
4 m

m
 

 Sequen
ces 
T1 

Yang 
et al. 
2011 
(172)  

Retrospe
ctive 
cohort  
study 

To 
investigate 
the value of 
D

W
I-M

RI, 
especially 
A

D
C

 in the 
differentiatio
n of uterine 
adenom

yosi
s and 
fibroids 

39 patients 
(fibroid 
n=17, 
adenom

yosi
s n=22) 

U
niversit

y H
ospital 

(C
hina) 

H
istopathologic 

confirm
ed 

uterine fibroid 
or uterine 
adenom

yosis; 
underw

ent D
W

I 

Endom
etrial 

carcinom
a; 

Leiom
yosarcom

a 
of uterus 

H
istopathol

ogical 
diagnosis, 
not 
specified 
for M

RI 

M
anufa

cturer: 
Siem

ens
, M

agnet
om

 Trio 
 System

: 
3.0T 
 Slice 
Thicknes
s: 
5 m

m
 

 Sequen
ces 
T1W

, 
T2W

, 
D

W
I 

A
D

C
 values, 

SI, presence 
of H

SI foci 
(on T1/T2) 

A
D

C
 

values 
H

igher A
D

C
 

values in 
adenom

yosi
s vs. 
fibroids. N

o 
correlation 
to clinical 
outcom

es 
investigated. 

Yang 
et al. 
2019 
(171)  

Prospect
ive 
intervent
ional 

To evaluate 
the 
com

bined 
efficacy of 

466 
adenom

yosi
s patients 
w

ith 

U
niversit

y H
ospital 

(C
hina) 

(1) C
linical 

sym
ptom

s of 
progressive 
dysm

enorrhea 

(1) Pregnancy, 
lactation or 
m

enstruation;  

N
ot 

specified 
(only 

M
anufa

cturer: 
N

R 
 

U
terine 

volum
e, 

A
denom

yosis 
type 

U
terine 

volum
e 

N
o specific 

correlation 
betw

een 
M

RI 
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cohort 
study 

H
IFU

, 
G

nRH
-a) 

and the  
(LN

G
IU

S) 
for the 
treatm

ent of 
severe 
adenom

yosi
s 

m
oderate to 

severe 
dysm

enorrh
oea 

and/or 
m

enorrhagia 
and no 
dyspareunia;  
(2) A

 large 
uterine size > 
12 w

eeks 
pregnancy, an 
irregular 
spherical shape 
during 
gynaecological 
exam

ination or 
a uterine cavity 
> 9 cm

 by 
hysteroscopy; 
(3) 
Enlargem

ent of 
the uterus, an 
uneven echo of 
the 
m

yom
etrium

 
and an unclear 
m

yom
etrium

 
and lesion size 
by TV

U
S 

exam
ination;  

(4) N
o use of 

steroid 
horm

ones or 
G

nRH
a 6 

m
onths before 

treatm
ent and 

no 
contraindicatio
ns for 
G

nRH
-a and an 

(2) A
cute pelvic 

inflam
m

ation;  
(3) Suspected 
gynaecological 
m

alignancy;  
(4) H

istory of 
radiotherapy;  
(5) Inability to 
com

m
unicate w

ith 
doctors during the 
procedure 

based on 
TV

U
S) 

System
: 

N
R 

 Slice 
Thicknes
s: 
N

R 
 Sequen
ces 
N

R 

param
eters 

and 
sym

ptom
 

reduction 
investigated. 



 
liv 

intrauterine 
contraceptive;  
(5) Refusal for 
surgery;  
(6) N

orm
al 

liver and 
kidney 
functions. 

Zhang 
et al. 
2013 
(168)  

Retrospe
ctive 
cohort 
study 
 

To evaluate 
the effects 
of U

SgH
IFU

 
on 
adenom

yosi
s 

202 Patients 
w

ith 
adenom

yosi
s w

ho 
underw

ent 
U

SgH
IFU

 

U
niversit

y H
ospital 

(C
hina) 

W
om

en w
ho 

underw
ent 

U
SgH

IFU
 for 

adenom
yosis 

N
R 

D
iffuse 

A
denom

yo
sis:  
JZ 
thickness 
>30 m

m
 

for diffuse 
adenom

yos
is Focal 
A

denom
yo

sis:  Lesion 
diam

eter 
>30 m

m
  

M
anufa

cturer: 
N

R 
 System

: 
N

R 
 Slice 
Thicknes
s: 
N

R 
 Sequen
ces 
T2W

, 
T1W

 

U
terine 

volum
e, 

A
denom

yosis 
lesion 
volum

e, N
PV

 
ratio in 
adenom

yotic 
lesion 

U
terine 

volum
e, 

A
denom

yo
sis lesion 
volum

e 

M
ore 

sym
ptom

 
relief in 
focal 
adenom

yosi
s.  

N
R: N

ot reported, M
RI: m

agnetic resonance im
aging, C

E: contrast-enhanced, JZ: junctional zone, TVU
S: transvaginal ultrasound, SI: signal intensity, LSI: 

low
 signal intensity, H

SI: high signal intensity, U
A

E: uterine artery em
bolization, H

IFU
: high intensity focused ultrasound, A

D
C

: apparent diffusion 
coefficient, D

W
I: diffusion w

eighted im
aging, (H

R)Q
oL: (H

ealth Related) Q
uality of Life, M

RgFU
S: M

R-guided Focused U
ltrasound, LN

G
-IU

S/D
: 

levonorgestrel intrauterine system
/device,  
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2. D Risk of Bias Assessment and Applicability of Diagnostic 
Accuracy Studies 

According to the QUADAS-II Checklist 
(https://annals.org/aim/fullarticle/474994/quadas-2-revised-tool-quality-
assessment-diagnostic-accuracy-studies)  
Table 2.S7 Patient Selection: Risk of Bias and Applicability 

Author, Year Method of 
patient 
selection 

Included 
patients 

Consecutive 
or random 
patients 
enrolled? 

Case-
control 
design 
avoided? 

Inappropriate 
exclusion 
avoided? 

Bias in 
patient 
selection 
process? 

Do the 
included 
patients 
match the 
review 
question? 

Ascher et al. 
1994 

Prospective see 
inclusion 
criteria 

Yes Yes Unclear Low Yes 

Badawy et al. 
2014 

Prospective see 
inclusion 
criteria 

Yes Yes Yes Low  Yes 

Bazot et al. 
2001 

Prospective see 
inclusion 
criteria 

Yes Yes No (some 
patients 
excluded due 
to difficulty in 
making 
contact) 

Low Yes 

Bazot et al. 
2003 

Prospective see 
inclusion 
criteria 

Yes Yes Yes Low Yes 

Dueholm et al. 
2001 

Prospective see 
inclusion 
criteria 

Yes Yes Yes Low Yes 

Hamimi et al. 
2015 

Retrospective see 
inclusion 
criteria 

No Yes Unclear High, due to 
retrospective 
nature 

Yes 

Hricak et al 
.1992 

Retrospective  See 
inclusion 
criteria 

Yes Yes Unclear High, due to 
retrospective 
nature 

Yes 

Masui et al. 
2003 

Prospective See 
inclusion 
criteria 

Yes Yes Yes Low Yes 

Moghadam et 
al. 2006 

Retrospective See 
inclusion 
criteria 

Unclear no Yes High, due to 
retrospective 
nature 

Yes 
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Phillips et al. 
1996 

Prospective See 
inclusion 
criteria 

Yes Yes Yes Low Somewhat, 
only included 
adenomyoma 
patients 
instead of 
adenomyosis 
generally 

Reinhold et al. 
1996 

Prospective see 
inclusion 
criteria 

Yes Yes Yes Low Yes 

Stamatopoulos 
et al. 2012  

Prospective see 
inclusion 
criteria 

Yes Yes Yes Low Yes 

Tellum et al. 
2019 

Prospective see 
inclusion 
criteria 

Yes Yes Yes Low Yes 

Tian et al. 
2016 

Prospective see 
inclusion 
criteria 

Yes Yes Yes Low Yes 

NR: not reported 

 
Table 2.S8 Index Test: Risk of Bias and Applicability 

Author, 
Year 

MRI 
method 

MRI 
interpretation 

Evaluat
ion by 
experie
nced 
radiolo
gist? 

MRI 
(re) 
evaluat
ed in 
real-
time 
during 
study 
proced
ures? 

Blinded 
to result 
of 
histopat
hology? 

Pre-
specif
ied 
defini
tion 
for 
aden
omyo
sis on 
MRI? 

Men
strua
l 
cycl
e 
acco
unte
d 
for? 

Potential 
for bias 
in MRI 
interpret
ation? 

Does the 
applicati
on of the 
MRI 
match 
the 
research 
question? 

Ascher et 
al. 1994 

System: 
1.0T or 
1.5T 
 
Slice 
Thickness: 
5mm 
 
Sequences
: 
T2W, 
T1W, T1 
gadoliniu
m CE 

(a) a 
myometrial 
mass with 
indistinct 
margins of 
primarily 
LSI with all 
sequences or 
(Ii) diffuse or 
focal 
widening of 
the JZ  
(>5mm)on 
T2W, fast 
T2W SE 
images, and 
CE T1W 
images. The 

NR Yes Yes, 
Multiple 
investiga
tors, not 
necessar
ily 
radiolog
ists 

Yes Yes, 
only 
MRI 
in 
lutea
l 
phas
e 

Low Yes 
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presence HSI 
foci was used 
as an 
ancillary 
finding  

Badawy 
et al. 
2014 

System: 
1.5T 
 
Slice 
Thickness: 
5mm 
 
Sequences
: 
T1W (CE), 
T2W, STIR 

No clear 
definition of 
adenomyosis 
prior to 
diagnosis 

NR Yes Unclear Uncle
ar 

NR High, 
seemingl
y no 
predefine
d 
definition 

Yes 

Bazot et 
al. 2001 

System: 
1.5T 
 
Slice 
Thickness: 
5mm 
 
Sequences
: 
T2W, 
T1W 

(i)large, 
regular, 
asymmetric 
uterus without 
leiomyoma, 
(ii) JZ 
Max>12mm 
and/or ill-
defined LSI 
myometrial 
area, (iii) 
JZ/Myometri
um ratio 
>40%, (iv) 
HSI foci 

Yes Yes Yes, 2 
blinded 
observer
s 

Yes No Low Yes 

Bazot et 
al. 2003 

T2W TSE  Yes Yes Yes Yes No Low Yes 

Dueholm 
et al. 
2001 

System: 
1.5T 
 
Slice 
Thickness: 
4mm 
 
Sequences
: 
T2 

Diffuse: JZ 
Max >15 
mm, OR, JZ 
of 12–15 mm 
with non-
uniform, 
thickened JZ 
or focal not 
well-
demarcated 
high or low 
intensity 
areas in the 
myometrium 

Yes Yes Yes, 
Single 
observer
, 
blinded 

Yes NR Unclear Yes 

Hamimi et 
al. 2015 

System: 
1.5T 
 

MRI: 
Intramyometri
al cyst(s). 
Heterogeneo

Not 
mention
ed 

Unclea
r 

Unclear No NR Unclear Yes 
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Slice 
Thickness: 
13mm 
 
Sequences
: 
T1, T2, T1 
gadoliniu
m CE 

us 
myometrium 
usually 
heterogeneou
sly 
hyperintense. 
JZ  >12mm  

Hricak et 
al. 1992 

Manufactu
rer: 
GE Signa 

 
System: 
1.5T 
 
Slice 
Thickness: 
5mm 
 
Sequences
: 
T1W, 
T2W, T1 
gadoliniu
m CE  
 

Enlarged 
uterus with 
smooth 
border, 
presence of 
HSI foci 
 

Yes Yes Yes Yes NR Low Yes 

Masui et 
al. 2003 

Manufactu
rer: 
GE 
Horizon 
LX Echo 
Speed 
 
System: 
1.5T 
 
Slice 
Thickness: 
5-6mm 
 
Sequences
: 
T2W, T2-
FSE, T2-
SSFSE 

Ill-defined LSI 
lesions with 
or without 
HSI 
spots or 
having focal 
or diffuse 
thickening of 
the JZ >12 
mm 
 

Yes NR Yes Yes NR Low Yes 

Moghada
m et al. 
2006 

System: 
1.5T 
 
Slice 
thickness: 
NR 
 

Focal or 
diffuse 
widening 
of JZ> 12 
mm, uterine 
enlargement, 
or both, with 

Yes NR Unclear Yes No Unclear yes 
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Sequences
: 
T2, T1 

focal or 
diffuse LSI 
myometrial 
area in T2-
weighted 
images, on 
CE T1 small 
HSI 
myometrial 
spots were 
indicative of 
adenomyosis. 

Phillips et 
al. 1996 

Manufactu
rer: 
NR 
 
System: 
NR 
 
Slice 
thickness: 
NR 
 
Sequences
: 
T2W, 
T1W 

Unclear Yes Yes Yes Yes No Low Somewh
at, only 
adenomy
oma 

Reinhold 
et al. 
1996 

System: 
1.5T 
 
Slice 
Thickness: 
5mm 
 
Sequences
: 
T2W 

Subjective 
impression of 
localized or 
diffuse 
thickening of 
the uterine JZ 
(with or 
without the 
presence of 
HSI foci in the 
JZ) or the 
presence of a 
low-SI 
myometrial 
mass with ill-
defined 
borders  

Yes Yes Yes Yes No Low yes 

Stamatop
oulos et 
al. 2012  

System: 
1.0T 
 
Slice 
Thickness: 
NR 
 
Sequences
: 

When the JZ 
> 12 mm, 
focal not well-
demarcated 
areas 
were present 
in the 
myometrium, 

Yes Yes Yes yes No Low Yes 
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T1W, 
T2W 

and non-
uniform JZ 

Tellum et 
al. 2019 

System: 
3.0T or 
1.5T 
 
Slice 
Thickness: 
NR 
 
Sequences
: 
T1W, 
T2W 

one or more 
of JZ Max ≥ 
12 mm, 
myometrial 
cysts, or 
adenomyoma 
which are 
comprehensiv
ely described 
elsewhere 
were present 

Yes Yes Yes yes No Low yes 

Tian et al. 
2016 

System: 
NR 
 
Slice 
Thickness: 
5mm 
 
Sequences
: 
T1W, 
T2W, 
DWI 

NR Yes Yes Yes No No High, no 
predefine
d 
definition 

yes 

NR: not reported 
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Table 2.S9 Reference Standard: Risk of Bias and Applicability 

Author, Year Interpretation of 
histopathology 

Evaluated by 
experienced 
pathologist? 

Blinded to 
MRI 
diagnosis
? 

Likely to 
have 
correctly 
identify 
adenomyosi
s using this 
method? 

Potential 
for bias 
in 
histopath
ological 
diagnosis
? 

Does the 
application of 
the 
histopathologi
cal diagnosis 
match the 
research 
question? 

Ascher et al. 
1994 

Endometrial glands 
and stroma lying 
deeper than 2.5 mm 
below the 
endometrial surface. 

Evaluated by 
pathologists, 
degree of 
experience 
unknown 

Unclear Yes High, not 
blinded 

Yes 

Badawy et al. 
2014 

NR NR Unclear Unclear Unclear, 
not 
mentione
d if 
blinded 

Yes 

Bazot et al. 
2001 

Macroscopic: 
enlarged uterus and 
a dense 
anarchically 
fasciculated 
unlimited 
myometrium with 
small cavities (5-
10mm(.  
Microscopic: 
presence of ectopic 
endometrial tissue 
within myometrium 
2.5mm beyond the 
endometrial/ 
myometrial junction.  

Yes Yes, One 
pathologis
t, blinded 

Yes Low Yes 

Bazot et al. 
2003 

Macroscopic: 
enlarged uterus and 
a dense 
anarchically 
fasciculated 
unlimited 
myometrium with 
small cavities (5-
10mm(.  
Microscopic: 
presence of ectopic 
endometrial tissue 
within myometrium 
2.5mm beyond the 
endometrial/ 
myometrial junction. 

Yes Yes Yes Low Yes 
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Dueholm et 
al. 2001 

presence of 
endometrial glands 
or stroma deep in 
the endometrial–
myometrial junction 
and the diagnostic 
criterion of 
adenomyosis was 
satisfied when it 
exceeded one 
medium power 
(3100) field (i.e., ;2 
mm deep into the 
endometrial–
myometrial junction) 

Yes Yes, 
Single 
observer, 
blinded 

Yes low Yes 

Hamimi et al. 
2015 

Not mentioned Not 
mentioned 

Unclear Unclear Unclear, 
unknown 
what 
definition 
or 
method 
was used 

Unclear 

Hricak et al. 
1992 

NR Yes Yes Unclear Unclear Yes 

Masui et al. 
2003 

NR, but only after 
hysterectomy 

Yes Yes Unclear Unclear, 
unknown 
what 
definition 
or 
method 
was used 

Unclear 

Moghadam 
et al. 2006 

Not mentioned Yes No, 
retrospecti
ve 

yes unclear yes 

Phillips et al. 
1996 

Myometrial biopsy Yes Unclear Yes High, 
biopsy 
less 
accurate 

Somewhat, as 
only biopsies 
were taken. 

Reinholdt et 
al. 1996 

Endometrial glands 
and/or stroma > 1 
HPF deep to the 
endometrial 
myometrial junction 

Yes Yes yes low yes 

Stamatopoulo
s et al. 2012  

Ectopic 
endometrium >2 
mm deep in the 
myometrium or .1 
microscopic 
field at 10-fold 

Unclear No yes High, not 
blinded 

yes 
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magnification from 
the endomyometrial 
junction; 
adenomyotic foci 
circumferentially 
surrounded by 
bundles of 
hypertrophic smooth 
muscle cells at HE 
staining; or stromal 
fibroblasts clearly 
differed 
cytologically from 
the adjacent smooth 
muscle cells. Diffuse: 
endometrial glands 
or stroma were 
diffusely distributed 
in the myometrium. 
Focal: circumscribed 
nodular aggregates 
of glands or stroma 
were found within 
the myometrium.  
Adenomyomas: 
circumscribed mass 
was found, 
composed of more 
than rare glands, 
predominantly of 
the endometrial 
type, and a stromal 
component that 
consisted primarily 
of smooth muscle 

Tellum et al. 
2019 

presence of ectopic 
endometrial glands 
and stroma at 2.5 
mm below the 
endometrial-
myometrial junction 

Yes Yes yes Low yes 

Tian et al. 
2016 

NR Unclear Unclear Unclear Unclear yes 
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Table 2.S10 Patient Flow and Timing: Risk of Bias and Applicability 

Author, Year Any patients 
that did not 
receive MRI 
or pathology 
or excluded 
from 2 x 2 
table? 

Interval/int
ervention 
between 
MRI and 
histopathol
ogical 
diagnosis 

Appropriate 
interval 
between 
MRI and 
histopatholo
gy? 

All patients 
received (the 
same) 
histopathology 
diagnosis? 

All 
patients 
included 
in 
analysis? 

Potential 
for bias in 
patient 
flow? 

Ascher et al. 
1994 

No. NR Unclear No, some 
diagnosed by 
biopsy and others 
by hysterectomy 

Yes Low 

Badawy et al. 
2014 

No. NR Unclear Yes Yes Low 

Bazot et al. 
2001 

No. NR Unclear Yes Yes Low 

Bazot et al. 
2003 

No NR Unclear Yes Yes Unclear 

Dueholm et 
al. 2001 

No 2 weeks Yes Yes Yes Low 

Hamimi et al. 
2015 

No. NR Unclear No, patients 
received different 
methods of 
reference 
diagnosis 

Yes Unclear 

Hricak et al. 
1992 

No NR Unclear Unclear Yes Unclear 

Masui et al. 
2003 

No NR Unclear Unclear Yes Low 

Moghadam 
et al. 2006 

Unclear NR Unclear Yes Yes Low 

Phillips et al. 
1996 

No NR Unclear No, some had 
transabdominal 
biopsy 

Yes Unclear 

Reinholdt et 
al. 1996 

No 14 days Yes Yes Yes Low 

Stamatopoulo
s et al. 2012  

NR NR Unclear Yes Yes Low 

Tellum et al. 
2019 

No NR Unclear Yes Yes Low 

Tian et al. 
2016 

No NR Unclear Yes Yes Low 

NR: not reported 
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2E. 2 x 2 Tables and SROC Curves per MRI 
Parameter 
MRI Overall:  
Figure 2.S1 RevMan 2 x 2 Tables and Forest Plots 

 
Figure 2.S2 MetaDTA SROC Curve for MRI Overall vs. Histopathology 

 



 lxvi 

 

JZ Diameter > 12mm 
Figure 2.S3 RevMan Forest Plots for JZ Diameter >12mm 

 
Figure 2.S4 MetaDTA SROC Curve for JZ Diameter >12mm 
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JZ Differential > 5 mm 
Figure 2.S5 RevMan 2 x 2 Tables and Forest Plots for JZ Diff >5mm 

 
Figure 2.S6 MetaDTA SROC Curve for JZ Diff >5mm 
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JZ – Myometrium Ratio >40 % 
Figure 2.S7 RevMan 2 x 2 Tables and Forest Plots for JZ-Myo Ratio 
>40% 

 
Figure 2.S8 MetaDTA SROC Curve for JZ-Myo Ratio >40% 
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Uterine Enlargement 
Figure 2.S9 RevMan 2 x 2 Tables and Forest Plots for Uterine 
Enlargement 

 
Figure 2.S10 MetaDTA SROC Curve for Uterine Enlargement 
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Presence of Myometrial Cysts 
Figure 2.S11 RevMan 2 x 2 Tables and Forest Plots for Myometrial 
Cysts 

 
 

Figure2.S12 MetaDTA SROC Curve for Myometrial Cysts 
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2F. Subjective Measures of Adenomyosis on MRI: 
Table 2.S11 Subjective Measures Adenomyosis on MRI 

MRI Feature Definition 

Adenomyosis type - Diffuse 

- Focal  

- (Juvenile) Cystic 

Adenomyosis localisation  Reported localisation of (focal) adenomyosis 

- Anterior, Posterior, Fundal etc. 

- Inner/Outer Myometrium 

Irregular Junctional Zone Subjective reporting of perceived irregularity of JZ 

Poor definition of JZ Measurement accuracy impaired due to unclear JZ borders 

Presence of submucosal microcysts  

 

Presence of submucosal high signal intensity foci (on T2W or 
T1W imaging), corresponding to myometrial cysts 

Linear Striations  In combination with HSI foci 
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3A.  Search Terms for Patient Selection 
The following search terms were used for pelvic MRI:  

- Magnetic Resonance Imaging 
- Magnetic Resonance 
- Mri Scan 
- MRI 
- NMR 
- Mriscan 
- magnetic Resonance Imaging 
- Kernspintomografie 

For hysterectomy surgery, the following terms were used:  
- Hysterectomie 
- Laparoscopische uterus extirpatie met tubae 
- lap uterus extirpatie LAVH’, ‘abd. uterusextirpatie 
- laparoscopische uterus extirpatie 
- laparoscopische uterus extirpatie LAVH LASH met tubectomie 
- abdominale uterusextirpatie met verwijdering van p 
- abd. uterus ext. + adnexa 
- abd. uterus ext. 
- vag. uterus ext. + VW + AW plastiek 
- lap uterusextirpatie 
- lap uterus extirpatie met tubectomie 
- lapsc. uterus ext. 
- vag. uterus ext. 
- abd-vag. radicale uterusextirpatie + lymfadenectomie 
- abdominale uterus extirpatie 
- lap uterus extirpatie 
- lap uterus extirpatie LAVH LASH 
- vaginale uterus extirpatie 
- Laparoscopische uterus extirpatie LAVH LASH 
- abdominale uterusextirpatie 
- V-notes uterus extirpatie 

3B. Local Protocol for Pelvic MRI  
MRI for Endometriosis Diagnosis: 



 
 ci 

Patients with suspected or known endometriosis are given an MRI according 
to the following protocol in our centre. There is a preference for using the 3 
Tesla scan, however the 1.5 Tesla scan can also be used. 
Scan procedure, in chronological order: 

Setting Sequence Orientation 
T2 TSE Sagittal 
T2 TSE Transverse 
T2 TSE Coronal 
T1 (spiral) TSE Transverse 

TSE: turbo spin echo  
Contrast agent: none. 
Medication: Buscopan/Glucagon are given in order to minimise the effect of 
uterine contractions on the evaluation of the images. 
 
MRI for Adenomyosis Embolisation 
Additional MRI’s may be carried out in patients with fibroids or (focal) 
adenomyosis in order to determine the suitability of the lesion for potential 
uterine artery embolization. There is a preference for using the 3 Tesla scan, 
however the 1.5 Tesla scan can also be used. 
 
This is carried out using the following protocol (in chronological order): 

Setting Sequence Orientation 
T2W TSE Sagittal 
T1W TSE Transverse 
T1W TSE Sagittal  
Injection of contrast agent 
T2W TSE Transverse 
T1W TSE Sagittal 
   

*T2W: T2 weighted TSE: turbo spin echo 
Contrast agent: Gadolinium pentate 

- Dosage 
o 1.5T: 0,2mg/kg 
o 3T: 0,1 mg/kg  
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3C. MRI Parameters Measured  
Table 3.S1: Overview of Assessed MRI parameters 

MRI characteristic Definition Unit (stratification) 
Mean JZ thickness Mean of JZ at six points of the uterus: anterior fundus, 

posterior fundus, anterior mid-corpus, posterior mid-corpus, 
anterior isthmus, posterior isthmus  

Millimetres 

Maximal JZ thickness (JZ 
Max) 

Maximal diameter of JZ, out of all imaging planes Millimetres (³12) 

Minimal JZ thickness (JZ Min) Minimal diameter of JZ Millimetres 
JZ differential (JZ Diff) Measure of JZ irregularity, difference between maximal and 

minimal JZ thickness 
Millimetres (³5) 

JZ asymmetry (JZ Asym) Absolute difference between anterior and posterior JZ 
thickness (based on measurements at six points of the uterus 
as previously described) 

Millimetres 

Uterine length Measured from cervix to fundus in sagittal orientation Millimetres 
Uterine volume Volume of the uterus in three orientations: sagittal, 

transversal and coronal 
Millimetres3 

Mean uterine wall thickness Measured from endometrium to myometrium at six points of 
the uterus as previously described 

Millimetres 

Mean uterine wall asymmetry Absolute difference between anterior and posterior uterine 
wall thickness  

Millimetres  

JZ to myometrium ratio 
(JZ/MYO) 

Ratio of JZ to full myometrium thickness (based on 
measurements at six points of the uterus as previously 
described) 

Percentage (>40) 

High signal intensity foci (HSI 
Foci) 

Presence of high signal intensity myometrial foci on T2 or T1 
imaging 

 

Signal intensity ratio Signal intensity ratio of adenomyotic tissue compared to that 
of the rectus muscle on T2 imaging 

Unitless 

MRI = Magnetic Resonance Imaging. JZ = Junctional Zone
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3D. STROBE Statement for Cohort Studies 
 

Item 
No 

Recommendation Page 
No 

Title and 
abstract 

1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1 – 3  

(b) Provide in the abstract an informative and balanced summary of what was done 
and what was found 

 

Introduction 

Background
/rationale 

2 Explain the scientific background and rationale for the investigation being reported 4 

Objectives 3 State specific objectives, including any prespecified hypotheses 4 

Methods 

Study 
design 

4 Present key elements of study design early in the paper 5 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 
exposure, follow-up, and data collection 

5 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up 

5 

(b) For matched studies, give matching criteria and number of exposed and 
unexposed 

 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 
modifiers. Give diagnostic criteria, if applicable 

8 

Data 
sources/ 
measuremen
t 

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if there is 
more than one group 

5, 6 

Bias 9 Describe any efforts to address potential sources of bias 6, 7 

Study size 10 Explain how the study size was arrived at 8 

Quantitative 
variables 

11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why 

7, 8 

Statistical 
methods 

12 (a) Describe all statistical methods, including those used to control for confounding 7, 8 

(b) Describe any methods used to examine subgroups and interactions  
(c) Explain how missing data were addressed  
(d) If applicable, explain how loss to follow-up was addressed  
(e) Describe any sensitivity analyses  

Results 
 

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, completing 
follow-up, and analysed 

8, 9 

(b) Give reasons for non-participation at each stage  



 civ 

(c) Consider use of a flow diagram  
Descriptive 
data 

14* (a) Give characteristics of study participants (eg demographic, clinical, social) and 
information on exposures and potential confounders 

8, 9 

(b) Indicate number of participants with missing data for each variable of interest  
(c) Summarise follow-up time (eg, average and total amount)  

Outcome 
data 

15* Report numbers of outcome events or summary measures over time 9, 10 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 
their precision (eg, 95% confidence interval). Make clear which confounders were 
adjusted for and why they were included 

9-11 

  (b) Report category boundaries when continuous variables were categorized 8 

  (c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period 

 

Other 
analyses 

17 Report other analyses done—eg analyses of subgroups and interactions, and 
sensitivity analyses 

9-11  

Discussion 

Key results 18 Summarise key results with reference to study objectives 11 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias 
or imprecision. Discuss both direction and magnitude of any potential bias 

12, 
13 

Interpretatio
n 

20 Give a cautious overall interpretation of results considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and other 
relevant evidence 

12, 
13 

Generalisab
ility 

21 Discuss the generalisability (external validity) of the study results 13 

Other information 

Funding 22 Give the source of funding and the role of the funders for the present study 
and, if applicable, for the original study on which the present article is 
based 

1 
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3E. TRIPOD Statement 
Section/Topic Item Checklist Item Page 

Title and abstract 
Title 1 Identify the study as developing and/or validating a multivariable 

prediction model, the target population, and the outcome to be 
predicted. 

1 

Abstract 2 Provide a summary of objectives, study design, setting, participants, 
sample size, predictors, outcome, statistical analysis, results, and 
conclusions. 

2 

Introduction 
Background 
and objectives 

3a Explain the medical context (including whether diagnostic or 
prognostic) and rationale for developing or validating the 
multivariable prediction model, including references to existing 
models. 

4 

3b Specify the objectives, including whether the study describes the 
development or validation of the model or both. 

4, 5 

Methods 

Source of data 4a Describe the study design or source of data (e.g., randomized trial, 
cohort, or registry data), separately for the development and 
validation data sets, if applicable. 

5 

4b Specify the key study dates, including start of accrual; end of accrual; 
and, if applicable, end of follow-up.  

5 

Participants 5a Specify key elements of the study setting (e.g., primary care, 
secondary care, general population) including number and location of 
centres. 

5 

5b Describe eligibility criteria for participants.  5 
5c Give details of treatments received, if relevant.  5 

Outcome 6a Clearly define the outcome that is predicted by the prediction model, 
including how and when assessed.  

5 

6b Report any actions to blind assessment of the outcome to be predicted.  5 
Predictors 7a Clearly define all predictors used in developing or validating the 

multivariable prediction model, including how and when they were 
measured. 

5, 6 

7b Report any actions to blind assessment of predictors for the outcome 
and other predictors.  

6 

Sample size 8 Explain how the study size was arrived at. 5 
Missing data 9 Describe how missing data were handled (e.g., complete-case 

analysis, single imputation, multiple imputation) with details of any 
imputation method.  

7 

Statistical 
analysis 
methods 

10a Describe how predictors were handled in the analyses.  7, 8 

10b Specify type of model, all model-building procedures (including any 
predictor selection), and method for internal validation. 

7, 8 

10d Specify all measures used to assess model performance and, if 
relevant, to compare multiple models.  

8 

Risk groups 11 Provide details on how risk groups were created, if done.  - 
Results 



 cvi 

Participants 13a Describe the flow of participants through the study, including the 
number of participants with and without the outcome and, if 
applicable, a summary of the follow-up time. A diagram may be 
helpful.  

8 

13b Describe the characteristics of the participants (basic demographics, 
clinical features, available predictors), including the number of 
participants with missing data for predictors and outcome.  

8, 9 

Model 
development  

14a Specify the number of participants and outcome events in each 
analysis.  

8, 9 

14b If done, report the unadjusted association between each candidate 
predictor and outcome. 

9-11 

Model 
specification 

15a Present the full prediction model to allow predictions for individuals 
(i.e., all regression coefficients, and model intercept or baseline 
survival at a given time point). 

11 

15b Explain how to the use the prediction model. 12 
Model 
performance 

16 Report performance measures (with CIs) for the prediction model. 9-11 

Discussion 

Limitations 18 Discuss any limitations of the study (such as nonrepresentative sample, 
few events per predictor, missing data).  

12-13 

Interpretation 19b Give an overall interpretation of the results, considering objectives, 
limitations, and results from similar studies, and other relevant 
evidence.  

12-13 

Implications 20 Discuss the potential clinical use of the model and implications for 
future research.  

13 

Other information 

Supplementary 
information 

21 Provide information about the availability of supplementary resources, 
such as study protocol, Web calculator, and data sets.  

- 

Funding 22 Give the source of funding and the role of the funders for the present 
study.  

1 
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3F. Details of MRI Measurement Consensus and 
Discrepancies between Investigators 
Table 3.S2. Specification of Discrepancies between Assessments of two 
Researchers 

Assessment Discrepancies 
(n) 

Conclusion after 
Reassessment (n) 

Effect on Multivariate Analysis 

 Odds Ratio with 
corresponding 
95% CI and p 
value before 
reassessment 

Odds Ratio with 
corresponding 95% 
CI and p value after 
reassessment 

Presence of HSI 
Foci 

31 HSI Foci Present (n=31) 11.702 (2.384-
57.447, p .002) 

4.650 (.1.857-
11.648, p .001) 

JZ Measurements 15 Overestimation JZ (n=4) 
 
Underestimation JZ 
(n=6) 
 
JZ not measurable (n=1) 

Mean JZ: 1.137 
(.980-1.318, p 
.089) 
 
JZ/MYO>.4: .193 
(.060-.618, p 
.006) 

Mean JZ: 1.203 
(1.040-1.392, p 
.013) 
JZ/MYO >.4: .194 
(.060-.621, p .006) 

JZ Max/JZ Min 4 Overestimation JZ Max 
(2) 
 
Underestimation JZ Max 
(1) 
 
Underestimation JZ Max 
+ Overestimation JZ Min 
(1) 

JZ Diff ³ 5 mm: 
1.900 (.537-
6.716, p .319) 

JZ Diff ³ 5: 1.535 
(.441-5.351, p .501) 

Presence of Focal 
Adenomyosis 

7 Focal Adenomyosis 
Present (7) 

Not applicable Not applicable 

Presence of Cystic 
Adenomyosis 

1 Consult pelvic 
Radiologist (1) 

Not applicable Not applicable 

CI = Confidence Interval. HSI = High Signal Intensity. JZ = Junctional Zone. 
JZ/MYO = Junctional Zone to Myometrium Ratio. JZ Max = Maximal 
Junctional Zone thickness. JZ Min = Minimal Junctional Zone thickness. JZ Diff 
= Junctional Zone Differential.  
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3G. Diagnostic Accuracy of Readers (CR and MvdW) 
versus Radiologist 
Table 3.S3: Diagnostic accuracy between Radiology Report and Reader 
Detection. 

 Radiology Report 
Sensitivity Specificity  PPV NPV PLR NLR Overall 

accuracy 
Reader 
detection 

90.2% 57.8% 61.1% 88.9% 2.1 0.2 71.5% 

PPV = Positive Predictive Value. NPV = Negative Predictive Value. PLR = Positive 
Likelihood Ratio. NLR = Negative Likelihood Ratio.  
 
 

CHAPTER 4: 
4A. Search terms CTcue 
For hysterectomy surgery, the following terms were used:  

• Hysterectomie 
• Laparoscopische uterusextirpatie met tubae 
• Laparoscopische uterusextirpatie LAVH’, ‘abdominale 

uterusextirpatie 
• Laparoscopische uterusextirpatie 
• Laparoscopische uterusextirpatie LAVH LASH met tubectomie 
• Abdominale uterusextirpatie met verwijdering van p 
• Abdominale uterusextirpatie + adnexa 
• Abdominale uterusextirpatie 
• Vaginale uterusextirpatie. + VW + AW plastiek 
• Laparoscopische uterusextirpatie 
• Laparoscopische uterusextirpatie met tubectomie 
• Vaginale uterusextirpatie 
• Abd-vag. radicale uterusextirpatie + lymfadenectomie 
• Abdominale uterusextirpatie 
• Lap uterusextirpatie 
• Lap uterusextirpatie LAVH LASH 
• Vaginale uterusextirpatie 
• Laparoscopische uterusextirpatie LAVH LASH 
• Abdominale uterusextirpatie 
• V-notes uterusextirpatie  
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CHAPTER 6: 
6A. Results of intra- and inter-observer variability 
Analysis 
As reported in Huang et al. 2022 (229), an inter- intra-observer analysis was 
conducted for analysis of the novel introduced features of velocity and 
coordination.  

 
Figure 6.S1  Intra-observer reproducibility test of contraction velocity and 
coordination features extracted from TVUS recordings from 10 patients, with 
95% confidence interval 

 
Figure 6.S13  Inter- and Intra-observer variability for contraction velocity and 
coordination for 10 patients  
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6B: STROBE Checklist 
 

Item 
No. 

Recommendation 

Page  
No. 

Relevant 
text from 

manuscript 
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in 

the title or the abstract 
 1 

(b) Provide in the abstract an informative and balanced 
summary of what was done and what was found 

 1, 2 

Introduction  
Background/rationale 2 Explain the scientific background and rationale for the 

investigation being reported 
 3 

Objectives 3 State specific objectives, including any prespecified hypotheses  4 

Methods  
Study design 4 Present key elements of study design early in the paper  4 
Setting 5 Describe the setting, locations, and relevant dates, including 

periods of recruitment, exposure, follow-up, and data 
collection 

 4 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources 
and methods of selection of participants. Describe methods of 
follow-up 
Case-control study—Give the eligibility criteria, and the sources 
and methods of case ascertainment and control selection. Give 
the rationale for the choice of cases and controls 
Cross-sectional study—Give the eligibility criteria, and the 
sources and methods of selection of participants 

 4 

(b) Cohort study—For matched studies, give matching criteria 
and number of exposed and unexposed 
Case-control study—For matched studies, give matching criteria 
and the number of controls per case 

  

Variables 7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, if 
applicable 

 7 

Data sources/ 
measurement 

8*  For each variable of interest, give sources of data and details 
of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than one 
group 

 4, 5 

Bias 9 Describe any efforts to address potential sources of bias   
Study size 10 Explain how the study size was arrived at   
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6C.  Additional coordination parameters: 
 

 Menstrual Early 
Follicular 

Periovulatory Early Luteal Late Luteal P-value* 

Correlation (Mean, 
SD) 

0.08 
(0.31) 

0.11 
(0.24) 

0.04 (0.29) 0.05 (0.21) 0.02 (0.27) 0.981 

MSE (Mean, SD) 0.15 
(0.04)b 

0.25 
(0.10) 

0.26 (0.13)a,c 0.20 (0.08) 0.18 (0.07) 0.027 

HD (Mean, SD) 1.88 
(0.50) 

1.97 
(0.37) 

1.99 (0.48) 1.94 (0.30) 1.81 (0.34) 0.711 

 
Three indices were defining assessing the uterine contraction coordination 
depending on the adopted similarity measure: mean square error (MSE), 
cross correlation (CC) and Hausdorff distance (HD). Again, full details on the 
technical background of these units has been published elsewhere (229). For 
the MSE and HD indices, a lower value reflected increased contraction 
coordination. Conversely, for the CC index, a higher value reflected 
increased contraction coordination.  
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CHAPTER 7: 
 

7A: Literature search 
Search in PubMed 

Search Query op January 12th, PUBMED Items found 
#1 peristalsis[MeSH Terms] AND uterus[MeSH Terms] 37 
#2 "uterine contraction" [MeSH Terms] 7,650 
#3 (uterine [Title/Abstract] AND (peristal* [Title/Abstract] OR contract* [Title/Abstract] OR 

wave [Title/Abstract])) 
OR  
(uterus [Title/Abstract] AND (peristal* [Title/Abstract] OR contract* [Title/Abstract] OR 
wave [Title/Abstract])) 
OR  
(junctional zone [Title/Abstract] AND (peristal* [Title/Abstract] OR contract* 
[Title/Abstract] OR wave [Title/Abstract])) 
OR  
(endometrial [Title/Abstract] AND (peristal* [Title/Abstract] OR contract* 
[Title/Abstract] OR wave [Title/Abstract])) 
OR  
(subendometrial [Title/Abstract] AND (peristal* [Title/Abstract] OR contract* 
[Title/Abstract] OR wave [Title/Abstract])) 
OR  
(sub endometrial [Title/Abstract] AND (peristal* [Title/Abstract] OR contract* 
[Title/Abstract] OR wave [Title/Abstract])) 

10,403 

#4 #1 OR #2 OR #3 14,031 
#5 "Uterus/abnormalities"[Mesh] OR leiomyoma[MeSH Terms] OR adenomyosis[MeSH 

Terms] OR endometritis[MeSH Terms] OR congenital uterine abnormal*[Title/Abstract]  
30,469 

#6 #4 AND #5 208 
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Search in the Cochrane Library 
Search Query op 12 januari, Cochrane Library Items found 
#1 MeSH descriptor: [Peristalsis] explode all trees 175 
#2 MeSH descriptor: [Uterus] explode all trees 2855 
#3 #1 AND #2 0 
#4 MeSH descriptor: [Uterine Contraction] explode all trees 378 
#5 (peristal*):ti,ab,kw 810 
#6 (contract*):ti,ab,kw 19066 
#7 (wave):ti,ab,kw 12148 
#8 (uterine):ti,ab,kw16 16333 
#9 (uterus):ti,ab,kw 5659 
#10 (junctional zone):ti,ab,kw 21 
#11 (endometrial):ti,ab,kw 6412 
#12 (subendometrial):ti,ab,kw 62 
#13 (sub endometrial)ti,ab,kw 97 
#14 (#8 AND (#5 OR #6 OR #7)) OR (#9 AND (#5 OR #6 OR #7)) OR (#10 AND (#5 OR #6 

OR #7)) OR (#11 AND (#5 OR #6 OR #7)) OR (#12 AND (#5 OR #6 OR #7)) OR (#13 
AND (#5 OR #6 OR #7)) 

1908 

#15 #3 OR #4 OR #14 1908 
#16 (abnormal*)ti,ab,kw 36255 
#17 #16 AND (#8 OR #9) 1891 
#18 MeSH descriptor: [Leiomyoma] explode all trees 693 
#19 MeSH descriptor: [Adenomyosis] explode all trees 40 
#20 MeSH descriptor: [Endometritis] explode all trees 284 
#21 MeSH descriptor: [Congenital Abnormalities] explode all trees 6099 
#22 #21 AND (#8 OR #9) 39 
#23 #17 OR #18 OR #19 OR #20 OR #22 2856 
#24 #15 AND #23 212 
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Search in Embase 
Search Query op 12 januari, Embase Items found 
#1 'peristalsis'/exp AND 'uterus'/exp 214 
#2 'uterus contraction'/exp 10,383 
#3 uterine:ti,ab,kw AND (peristal*:ti,ab,kw OR contract*:ti,ab,kw 

OR wave:ti,ab,kw) OR (uterus:ti,ab,kw AND (peristal*:ti,ab,kw 
OR contract*:ti,ab,kw OR wave:ti,ab,kw)) OR (junctional AND zone:ti,ab,kw 
AND (peristal*:ti,ab,kw OR contract*:ti,ab,kw OR wave:ti,ab,kw)) OR 
(endometrial:ti,ab,kw AND (peristal*:ti,ab,kw OR contract*:ti,ab,kw 
OR wave:ti,ab,kw)) OR (subendometrial:ti,ab,kw AND (peristal*:ti,ab,kw 
OR contract*:ti,ab,kw OR wave:ti,ab,kw)) OR (sub AND endometrial:ti,ab,kw 
AND (peristal*:ti,ab,kw OR contract*:ti,ab,kw OR wave:ti,ab,kw)) 

13,718 

#4 #1 OR #2 OR #3 18,983 
#5 uterus AND 'abnormalities'/exp OR 'leiomyoma'/exp OR 'adenomyosis'/exp 

OR 'endometritis'/exp OR ('congenital'/exp AND 'uterine'/exp 
AND abnormal*:ti,ab,kw) 

33,186 

#6 #4 AND #5 290 

 

 
 

 
 
 
 
 
 
 
 
 



 
 cxv 

7B. Extensive risk of bias assessment 
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Reporting 
1 Hypothesis

/ aim/ 
objective 
clearly 
described 

1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 

2 Main 
outcomes 
in 
introductio
n or 
methods 
section  

1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 

3 Patient 
characteris
tics clearly 
described 

1 1 1 1 1 1 1 0 1 1 0 1 1 1 0 1 1 

4 Interventio
ns of 
interest 
clearly 
described 

1 N/
A 

0 1 N/
A 

1 N/
A 

N/
A 

N/
A 

N/
A 

1 N/
A 

N/
A 

1 1 N/
A 

1 

5 Distributio
ns of 
principal 
confounde
rs clearly 
described 

2 0 1 2 1 1 1 0 1 1 0 1 1 2 0 2 2 

6 Main 
findings 
clearly 
described 

1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 

7 Estimates 
of random 
variability 
provided 
for main 
outcomes 

1 1 1 0 1 0 0 0 1 0 0 0 0 1 1 1 1 

8 All 
adverse 

1 N/
A 

0 0 N/
A 

0 N/
A 

N/
A 

N/
A 

N/
A 

0 N/
A 

N/
A 

0 0 N/
A 

0 
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events as 
consequen
ce of 
interventio
n reported 

9 Characteri
stics of 
patients 
lost to 
follow-up 
described 

1 N/
A 

0 1 N/
A 

1 N/
A 

0 N/
A 

N/
A 

0 N/
A 

N/
A 

1 1 0 1 

1
0 

Exact 
probability 
values 
reported 
for main 
outcomes 

1 0 0 1 1 0 0 1 0 N/
A 

N/
A 

N/
A 

0 0 1 0 1 

External validity 
1
1 

Subjects 
asked to 
participate 
were 
representa
tive of 
source 
population 

1 UT
D 

0 UT
D 

UT
D 

UT
D 

UT
D 

UT
D 

UT
D 

1 UT
D 

UT
D 

UT
D 

UT
D 

UT
D 

1 UT
D 

1
2 

Subjects 
prepared 
to 
participate 
were 
representa
tive of 
source 
population 

1 0 1 1 UT
D 

0 0 UT
D 

UT
D 

1 UT
D 

UT
D 

UT
D 

UT
D 

UT
D 

UT
D 

UT
D 

1
3 

Location 
of study 
interventio
n was 
representa
tive of 
source 
population 

1 N/
A 

1 0 N/
A 

1 N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

UT
D 

1 1 1 

Internal validity – bias 
1
4 

Study 
participant
s blinded 
to 
interventio
n  

1 N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 
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1
5 

Blinded 
outcome 
assessment 

1 N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

N/
A 

1
6 

Data 
dredging 
clearly 
described, 
if any  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

1
7 

Analyses 
adjust for 
differing 
lengths of 
follow-up 

1 N/
A 

N/
A 

1 N/
A 

0 N/
A 

N/
A 

N/
A 

N/
A 

1 N/
A 

N/
A 

0 1 0 0 

1
8 

Appropria
te 
statistical 
tests used 

1 1 1 1 1 1 1 UT
D 

1 N/
A 

N/
A 

N/
A 

1 1 UT
D 

1 UT
D 

1
9 

Complianc
e with 
interventio
ns was 
reliable 

1 N/
A 

1 1 N/
A 

1 N/
A 

N/
A 

N/
A 

N/
A 

1 N/
A 

N/
A 

1 1 1 1 

2
0 

Outcome 
measures 
were used 
accurate 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Internal validity - confounding (selection bias)  
2
1 

All 
participant
s recruited 
from the 
same 
source 
population 

1 1 1 N/
A 

0 N/
A 

0 UT
D 

UT
D 

1 UT
D 

0 1 N/
A 

N/
A 

1 N/
A 

2
2 

All 
participant
s recruited 
over the 
same time 
period 

1 UT
D 

UT
D 

N/
A 

0 N/
A 

UT
D 

UT
D 

UT
D 
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D 

UT
D 

1 N/
A 

N/
A 

1 N/
A 

2
3 

Participant
s 
randomzie
d to 
interventio
n(s) 

1 N/
A 

N/
A 

N/
A 

N/
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N/
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N/
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N/
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N/
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N/
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N/
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N/
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N/
A 

2
4 

Allocation 
of 
interventio
n 
concealed 
from 

1 N/
A 

N/
A 
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A 

N/
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N/
A 
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N/
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investigato
rs and 
participant
s 

2
5 

Adequate 
adjustment 
for 
confoundi
ng 

1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 

2
6 

Losses to 
follow-up 
taken into 
account 

1 N/
A 

UT
D 

1 N/
A 

1 N/
A 

UT
D 

N/
A 

N/
A 

0 N/
A 

N/
A 

1 UT
D 

UT
D 

1 

Power 
2
7 

Sample 
sizes have 
been 
calculated  

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Obtained 
score 

 
9 13 17 10 13 8 4 9 11 6 7 9 15 12 15 15 

Maximum 
obtainable 
score 

28 17 23 22 17 22 17 19 17 15 21 15 17 22 22 22 22 

Percentage 
obtained (%) 

10
0 

53 57 77 59 59 47 21 53 73 29 47 53 68 55 68 68 

Overall quality 
assessment (colour 
coded) 
● Poor ● Fair ● 
Good ● Excellent 

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 
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CHAPTER 8: 
8A. STROBE Statement 
STROBE Statement—checklist of items that should be included in reports of 
observational studies 

 
 

Item No. 

Recommendation 

Page  
No. 

Relevant 
text from 

manuscript 
Title and abstract 1 (a) Indicate the study’s design with a commonly 

used term in the title or the abstract 
 1 

(b) Provide in the abstract an informative and 
balanced summary of what was done and what 
was found 

 3 

Introduction  

Background/rationale 2 Explain the scientific background and rationale 
for the investigation being reported 

 4, 5 

Objectives 3 State specific objectives, including any 
prespecified hypotheses 

 5 

Methods  

Study design 4 Present key elements of study design early in the 
paper 

 5 

Setting 5 Describe the setting, locations, and relevant 
dates, including periods of recruitment, exposure, 
follow-up, and data collection 

 5 

Participants 6 (a) Cohort study—Give the eligibility criteria, and 
the sources and methods of selection of 
participants. Describe methods of follow-up 
Case-control study—Give the eligibility criteria, 
and the sources and methods of case 
ascertainment and control selection. Give the 
rationale for the choice of cases and controls 
Cross-sectional study—Give the eligibility criteria, 
and the sources and methods of selection of 
participants 

 5 

(b) Cohort study—For matched studies, give 
matching criteria and number of exposed and 
unexposed 
Case-control study—For matched studies, give 
matching criteria and the number of controls per 
case 

  



 cxx 

Variables 7 Clearly define all outcomes, exposures, 
predictors, potential confounders, and effect 
modifiers. Give diagnostic criteria, if applicable 

 7 

Data sources/ 
measurement 

8*  For each variable of interest, give sources of 
data and details of methods of assessment 
(measurement). Describe comparability of 
assessment methods if there is more than one 
group 

 6, 7, 8. 9 

Bias 9 Describe any efforts to address potential sources 
of bias 

  

Study size 10 Explain how the study size was arrived at  5 
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Quantitative variables 11 Explain how quantitative variables 
were handled in the analyses. If 
applicable, describe which groupings 
were chosen and why 

  

Statistical methods 12 (a) Describe all statistical methods, 
including those used to control for 
confounding 

 9 

(b) Describe any methods used to 
examine subgroups and interactions 

 9 

(c) Explain how missing data were 
addressed 

  

(d) Cohort study—If applicable, explain 
how loss to follow-up was addressed 
Case-control study—If applicable, 
explain how matching of cases and 
controls was addressed 
Cross-sectional study—If applicable, 
describe analytical methods taking 
account of sampling strategy 

  

(e) Describe any sensitivity analyses   

Results 

Participants 13* (a) Report numbers of individuals at 
each stage of study—eg numbers 
potentially eligible, examined for 
eligibility, confirmed eligible, included 
in the study, completing follow-up, and 
analysed 

 10 

(b) Give reasons for non-participation 
at each stage 

 10 

(c) Consider use of a flow diagram  10, Fig 2 
Descriptive data 14* (a) Give characteristics of study 

participants (eg demographic, clinical, 
social) and information on exposures 
and potential confounders 

 10 

(b) Indicate number of participants with 
missing data for each variable of 
interest 

 10,11 

(c) Cohort study—Summarise follow-up 
time (eg, average and total amount) 

  

Outcome data 15* Cohort study—Report numbers of 
outcome events or summary measures 
over time 

 11, 12 
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Case-control study—Report numbers in 
each exposure category, or summary 
measures of exposure 

  

Cross-sectional study—Report numbers 
of outcome events or summary 
measures 

  

Main results 16 (a) Give unadjusted estimates and, if 
applicable, confounder-adjusted 
estimates and their precision (eg, 95% 
confidence interval). Make clear which 
confounders were adjusted for and 
why they were included 

 10, 11, 12 

(b) Report category boundaries when 
continuous variables were categorized 

  

(c) If relevant, consider translating 
estimates of relative risk into absolute 
risk for a meaningful time period 
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Other analyses 17 Report other analyses done—eg analyses 
of subgroups and interactions, and 
sensitivity analyses 

  

Discussion 
Key results 18 Summarise key results with reference to 

study objectives 
 12, 13 

Limitations 19 Discuss limitations of the study, taking 
into account sources of potential bias or 
imprecision. Discuss both direction and 
magnitude of any potential bias 

 14, 15 

Interpretation 20 Give a cautious overall interpretation of 
results considering objectives, limitations, 
multiplicity of analyses, results from 
similar studies, and other relevant 
evidence 

 13, 14, 15 

Generalisability 21 Discuss the generalisability (external 
validity) of the study results 

 14, 15, 16 

Other information  
Funding 22 Give the source of funding and the role 

of the funders for the present study and, 
if applicable, for the original study on 
which the present article is based 

 1 
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CHAPTERS NINE and TEN: 
10A. : Local Protocol for Pelvic MRI  
MRI for Endometriosis Diagnosis: 
Patients with suspected or known endometriosis are given an MRI according 
to the following protocol in our centre. There is a preference for using the 3 
Tesla scan, however the 1.5 Tesla scan can also be used. 
Scan procedure, in chronological order 
Table10.S1 MRI Scan Procedure, in chronological order 

Setting Sequence Orientation 
T2 TSE Sagittal 
T2 TSE Transverse 
T2 TSE Coronal 
T1 (spiral) TSE Transverse 

TSE: turbo spin echo  
Contrast agent: none. 
 
Medication: Buscopan/Glucagon (muscle relaxants) are given in order to 
minimise the effect of uterine contractions on the evaluation of the images. 
 
MRI for Adenomyosis Embolisation 
Additional MRI’s may be carried out in patients with fibroids or (focal) 
adenomyosis in order to determine the suitability of the lesion for potential 
uterine artery embolization. There is a preference for using the 3 Tesla scan, 
however the 1.5 Tesla scan can also be used. 
This is carried out using the following protocol (in chronological order): 
 
Table 10.S2 MRI Scanning protocol, in chronological order 

Setting Sequence Orientation 
T2W TSE Sagittal 
T1W TSE Transverse 
T1W TSE Sagittal  
Injection of contrast agent 
T2W TSE Transverse 
T1W TSE Sagittal 

*T2W: T2 weighted TSE: turbo spin echo 
Contrast agent: Gadolinium pentate 
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- Dosage 
o 1.5T: 0,2mg/kg 
o 3T: 0,1 mg/kg 

10B. Local eligibility requirements for fertility treatment 
A couple or woman seeking fertility treatment can be referred to our centre 
either via a general practitioner, from another hospital, or by another 
specialist within our hospital (for example a urologist). Generally, they 
include the following groups of patients: 

- A couple that has not had a previous pregnancy 
- A couple that has had a previous pregnancy using assisted 

reproductive technology (ART) 
- A couple that has undergone initial fertility treatment at another centre 

and requires IVF 
 
Couples that meet the following criteria are then considered eligible for 
fertility treatment and further investigation in the case of the following criteria: 

- No spontaneous pregnancy after 1 year of ovulation-led unprotected 
intercourse, with a regular menstrual cycle 

- Confirmed dysovulation 
- Indication for tubal defects or endometriosis 
- Severe sperm abnormalities 
- Previous pregnancy using ART 

 
At the start of the fertility treatment process, the following standard 
investigations are carried out: 
Male: 

- Sperm analysis for volume, concentration, motility, morphology and 
presence of atypical cells 

- Further specific analysis is done if the initial analysis proves abnormal 
 

Female 
- Detailed medical and reproductive history (including family history) 

o If there is an irregular menstrual cycle, cycle monitoring will 
be implemented 

- Pelvic exam, including TVUS 
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o In the case of a family history of premature ovarian 
insufficiency: AMH and antral follicle count will be assessed 

- Laboratory tests: Chlamydia antigen test and thyroid function (TSH), 
and virusscreening (Hepatitis B & C, HIV, HTLV) 

o In case of oligo- or a-menorrhoea: LH, FSH, Prolactin, 
Testosterone, progesterone, oestradiol 

- A hysterosalpingography will be carried out in the case of positive 
history (or active) chlamydia or pelvic inflammatory disease (PID) , or 
absence of pregnancy with unexplained fertility 

 
Based on the results of these tests and investigations, if possible, a likely cause 
for infertility will be found, which will influence further treatment. In the case 
of unexplained infertility, a Hunault score will be calculated in decide 
management.  
For a couple to be eligible specifically for IVF or ICSI treatment, the following 
criteria must be met: 

- Maternal age under 42 
- Women with unexplained fertility <38 years, with a minimum of 6 

failed IUI’s 
- Women with unexplained fertility >38 years regardless of number of 

IUI attempts 
- Severe male factor (VCM score <3) 
- HSG-confirmed tubal infertility 
- An- or Dys-ovulation 
- No contraindication for IVF treatment of pregnancy 

o Including moral/ethical contraindications 
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10C. Local protocol for embryo quality assessment  
 
Table 10.S3 Local Embryo Quality Assessment Protocol: Embryo quality is 
based on the appearance of the embryos on day 1, 2 and 3. A final embryo 
quality assessment is given on day 3 
 

Day Criterion Super  Good  Fair Moderate  Poor  
      

   

1 Type pn* 2pnª                             
2pnb /0pn à 

2pnª                        
2pnb/0pn  à 

2pnª                  2pnª / 2pnb / 
0pn/ 1pn with 
IVF 

2pnª / 
2pnb / 
0pn / 
1pn 
  

     No vacuoles  Some small 
vacuoles 

 Some small 
vacuoles 

 N.a.  N.a. 

2 Number of Cells 4 Cells 4/5 Cells 2-5 Cells ≥2 Cells  ≥ 2 Cells 
  Fragmentation ≤20% (score 

1+2*) 
≤20% ( 
score1+2) 

≤50% (score 
1+2+3) 

≤50% (score 
1+2+3) 

N.a. 

  Blastomere 
Uniformity  

Uniform Uniform/Somewh
at uneven 

 N.a. N.a. N.a. 

  Mulitnuclear 
blastomeres 
(MNB) 

None None None MNB’s ≤25 % N.a. 

  Vacuoles/Irregul
arities 

None None Some 
vacuoles 

N.a. N.a. 

  Clarity Clear Clear N.a. N.a. N.a. 
3 Number of Cells 8/9 Cells 7-10 cells / 

starting. Morula 
6-10 cells / 
starting 
Morula 

≥ 4 cells ≥ 4 cells 

  Fragmentation ≤20% 
(score1+2) 

≤20% (score 
1+2) 

≤20% (score 
1+2) 

≤50% (score 
1+2+3) 

N.a. 

  Blastomere 
Uniformity  

Uniform/Somew
hat uneven 

Uniform/Somewh
at uneven 

 N.a. N.a. N.a. 

  Mulitnuclear 
blastomeres 

None None Some 
vacuoles 

 N.a.  N.a. 

  Vacuoles/Irregul
arities 

Clear Clear N.a.  N.a.  N.a. 

2pnb  à If the embryo has a lower 2pn score (a instead of b), the overall 
quality will decrease by one level. There should be progression between days 
2 and 3, or there should be at least 2 blastomeres present for an embryo to 
have a quality score of ‘II’. If this is not the case, the embryo is automatically 
scored as having a quality of III.  
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Criteria for choice of Fresh ET Embryo:  

- For ET, the embryos of the highest available quality are chosen. 
- Super > Good > Fair > Moderate > Poor 
- When multiple embryos of equal final quality are available, the 

choice depends on how the embryo(s) were on day 2,. Whereby: 4 
cell > 2 cell > 3 cell 

- IN the case of continued division from day 2 to day 3, priority is 
given to the embryo that is dividing ‘on schedule’. 

- In the case of fragmentation, concentrated pockets of fragmentation 
are preferred to diffuse fragmentation 

- If there are no embryo dividing ‘on schedule’ preference is given to 
embryos with higher uniformity 

-  2pna > 2pnb > 0pn > 1pn 
- Embryos >24 hours behind the expected stage of development are 

not eligible for ET. 

In the case of stagnation between days 2 and 3 (without deterioration in 
quality), ET is potentially possible. 

 
 
 

10D: Sub-analysis of IVF/ICSI Outcomes 
 
Table 10.S4: Sub-analysis for Adenomyosis patients with and without 
pregnancies after IVF/ICSI based on MRI-timing 

*chi-squared analysis 

 
 

Pregnancy 
(N=31) 

No Pregnancy 
(N=93) 

P-value* 

MRI prior to IVF/ICSI treatment Yes 12 (38.7%) 34 (36.6%) 0.830 

No  19 (61.3%) 59 (63.4%) 
MRI within 5 years of fertility treatment  Yes 21 (67.7%) 62 (66.7%) 0.912 

No 10 (32.3%) 31 (33.3%) 
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Table 10.S5: Sub-analysis for IVF/ICSI Outcomes for Adenomyosis Patients 
versus Male Infertility Controls with only Fair-to-Super Embryos 

 Adenomyosis Patients (N=95) Control Group (N=717) P-value 
Biochemical Pregnancy 25 (26.3%) 290 (40.4%) 0.010 
Ongoing Pregnancy 16 (17.2%) 234 (32.6%) 0.002 
Live Birth 14 (15.2%) 206 (28.7%) 0.014 

 
Table 10.S6 Full IVF/ICSI Outcomes for MRI Markers for 
Adenomyosis/Endometriosis Patients versus Male Infertility Controls: 

IVF/ICSI Outcome Adenomyosis Patients Overall (N=124) Control Group 
(N=889) 

P-value 

Biochemical Pregnancy 31 (25%) 323 (36.3%) 0.013 

Ongoing Pregnancy 19 (15.6%) 261 (29.4%) 0.001 

Live Birth 17 (14.0%) 233 (26.8%) 0.009 

 Adenomyosis Patients 
without Myometrial Cysts 
(N=63) 

Adenomyosis Patients 
with Myometrial Cysts 
(N=60) 

Control Group 
(N=889) 

P-value* 

Biochemical Pregnancy 15 (23.8%) 15 (25.0%) 323 (36.3%) 0.033 

Ongoing Pregnancy 10 (16.4%) 9 (15.0%) 261 (29.4%) 0.007 

Live Birth 10 (16.1%) 7 (12.1%) 233 (26.8%) 0.052 

 Adenomyosis Patients 
with Mean JZ<12mm 
(N= 103) 

Adenomyosis Patients 
with Mean JZ>12mm (N= 
20) 

Control Group 
(N=889) 

 

Biochemical Pregnancy 28 (27.2%) 3 (15.0%) 323 (36.3%) 0.031 

Ongoing Pregnancy 17 (16.7%) 2 (10.5%)a 261 (29.4%) 0.006 

Live Birth 15 (15.0%) 2 (10.5%) 233 (26.8%) 0.053 

 Adenomyosis Patients 
with JZ-Diff <5mm 
(N=13) 

Adenomyosis Patients 
with JZ-Diff>5mm (N= 
110) 

Control Group 
(N=889) 

 

Biochemical Pregnancy 2 (15.4%) 29 (26.4%) 323 (36.3%) 0.039 

Ongoing Pregnancy 1 (7.7%) 18 (16.7%)a 261 (29.4%) 0.005 

Live Birth 1 (7.7%) 16 (15.0%) 233 (26.8%) 0.051 

 Adenomyosis Patients 
with JZ-Myometrium 
<40% (N=31) 
 

Adenomyosis Patients 
with JZ-Myometrium Ratio 
>40% (N=92) 

Control Group 
(N=889) 

 

Biochemical Pregnancy 9 (29.0%) 22 (23.9%) 323 (36.3%) 0.046 

Ongoing Pregnancy 6 (19.4%) 13 (14.4%)a 261 (29.4%) 0.006 
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Live Birth 5 (16.7%) 12 (13.3%)a 233 (26.8%) 0.055 

 Diffuse Adenomyosis  
(N=31) 

Focal Adenomyosis 
(N=58) 

Control Group 
(n=889) 

 

Biochemical Pregnancy 10 (32.3%) 12 (20.7%) 323 (36.3%) 0.117 

Ongoing Pregnancy 5 (17.2%) 9 (15.5%) 261 (29.4%) 0.047 

Live Birth 5 (16.7%) 9 (15.5%) 233 (26.8%) 0.446 

 Adenomyosis Alone 
(n=31) 

Adenomyosis and 
Endometriosis 
(n=93) 

Control Group 
(n=889) 

 

Biochemical Pregnancy 9 (29.0%) 22 (23.7%) 323 (36.3%) 0.040 

Ongoing Pregnancy 6 (20.0%) 12 (14.1%) 261 (29.4%) 0.005 

Live Birth 5 (17.2%) 12 (14.1%) 233 (26.8%) 0.049 

 Adenomyosis without DIE 
(n=98) 

Adenomyosis with DIE 
(n=26) 

Control Group 
(n=889) 

 

Biochemical Pregnancy 27 (27.6%) 4 (15.4%) 323 (36.3%) 0.024 

Ongoing Pregnancy 17 (17.7%)a 2 (7.7%)a 261 (29.4%) 0.004 

Live Birth 15 (15.8%) 2 (7.7%) 233 (26.8%) 0.039 

*Chi-squared analysis with Bonferroni correction. a: denotes statistical significance vs. 
control group 
 
 
 
Table10. S7: Adjusted Odds Ratio IVF/ICSI Outcomes versus Controls 

IVF/ICSI Outcome Adjusted Odds Ratio (95% CI) vs Control Group* 

Adenomyosis Patients Overall (N=124) 

Biochemical Pregnancy 0.683 (0.411-1.138) 

Ongoing Pregnancy 0.501 (0.276-0.909) 

Live Birth 0.484 (0.259-0.905) 

 Adenomyosis Patients without 
Myometrial Cysts (N=63) 

Adenomyosis Patients with Myometrial Cysts 
(N=60) 

Biochemical Pregnancy 0.612 (0.314-1.195) 0.708 (0.367-1.365) 

Ongoing Pregnancy 0.513 (0.237-1.112) 0.500 (0.229-1.090) 

Live Birth 0.556 (0.255-1.214) 0.420 (0.177-0.997) 

 Adenomyosis Patients with Mean 
JZ<12mm (N= 103) 

Adenomyosis Patients with Mean JZ>12mm (N= 
20) 

Biochemical Pregnancy 0.746 (0.436-1.270) 0.407 (0.113-1.465) 

Ongoing Pregnancy 0.531 (0.285-0.990) 0.363(0.079-2.659) 
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Live Birth 0.510 (0.264-0.985) 0.374 (0.082-1.700) 

 Adenomyosis Patients with JZ-Diff 
<5mm (N=13) 

Adenomyosis Patients with JZ-Diff>5mm (N= 
110) 

Biochemical Pregnancy 0.396 (0.084-1.856) 0.729 (0.431-1.234) 

Ongoing Pregnancy 0.232 (0.293-1.856) 0.543 (0.295-1.001) 

Live Birth 0.255 (0.032-2.041) 0.519 (0.273-0.990) 

 Adenomyosis Patients with JZ-
Myometrium <40% (N=31) 
 

Adenomyosis Patients with JZ-Myometrium 
Ratio >40% (N=92) 

Biochemical Pregnancy 0.878 (0.379-2.033) 0.633 (0.357-1.122) 

Ongoing Pregnancy 0.665 (0.255-1.738) 0.454 (0.255-1.738) 

Live Birth 0.598 (0.212-1.683) 0.453 (0.222-0.921) 

 Diffuse Adenomyosis  
(N=31) 

Focal Adenomyosis 
(N=58) 

Biochemical Pregnancy 0.943 (0.417-2.131) 0.497 (0.297-1.035) 

Ongoing Pregnancy 0.552 (0.198-1.542) 0.476 (0.210-1.078) 

Live Birth 0.583 (0.209-1.201) 0.525 (0.230-1.626) 

 Adenomyosis Alone (n=31) Adenomyosis and Endometriosis 
(n=93) 

Biochemical Pregnancy 0.854 (0.362-2.011) 0.635 (0.361-1.117) 

Ongoing Pregnancy 0.738 (0.274-1.985) 0.440 (0.225-0.861) 

Live Birth 0.652 (0.225-1.889) 0.440 (0.219-0.886) 

 Adenomyosis without DIE (n=98) Adenomyosis with DIE (n=26) 

Biochemical Pregnancy 0.764 (0.445-1.310) 0.399 (0.130-1.226) 

Ongoing Pregnancy 0.574 (0.307-1.074) 0.244 (0.055-1.084) 

Live Birth 0.542 (0.280-1.050) 0.272 (0.061-1.212) 

*Multivariate logistic regression adjusted for: age at time of IVF, IVF or ICSI treatment, 
embryo quality, year of IVF treatment and number of transferred embryos, 
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CHAPTER 11 
 

11A. Full list of Outcomes with Definitions: 
 
Table 11.S1: Obstetric Outcomes collected from Perined; the Dutch national 
perinatal registry 

Obstetric Outcomes 
Maternal Mortality  (yes/no), with cause of death 
Termination of pregnancy (yes/no), with number of gestational weeks 
Pregnancy complications overall (Gestational) Diabetes 

Hypertensive Disorder of Pregnancy (HDP) 
- Gestational hypertension , (pre) eclampsia, HELLP 

Dysmaturity (Birthweight <10th percentile) 
Macrosomia (Birthwright >95th percentile) 
Antepartum Blood loss (with trimester) 
(P)PROM 
Imminent premature birth  
Placenta praevia 

Fetal Growth Restriction Fetal biometry <p10 or more than 20 percentile reduction in 
abdominal circumference 

Preterm Birth Gestational Age <37 weeks at delivery 
 

Threatened Prematurity Composite outcome including diagnosis during pregnancy of: 
- Premature contraction requiring admission <37 weeks 

gestational age 
- Cervical insufficiency/incompetency during pregnancy 
- PPROM 

Proteinuria during pregnancy Yes/no, with mg/L 
Highest diastolic BP Mm/Hg 

During pregnancy 
 
Hypertension defined as : >140/90 mm/Hg 

Duration of ruptured membranes Hours, days 
PPROM (Premature Preterm Rupture of Membranes), <37 
weeks gestational age 
PROM (Premature Rupture of Membranes) 

Start of labour Induction (with indication) 
Spontaneous 
Elective CS 
Emergency CS 

Interventions during Labour None 
Stimulation with Oxytocin 

Pain relief during labour None 
Sedation 
Non-opioid analgesics 
Opioid analgesics 
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Epidural during labour 
Epidural at CS 
Spinal at CS 
General anaesthesia at CS 
Unknown 

Labor complications Presence of meconium in amniotic fluid 
Foetal distress (as an indication for operative delivery or 
caesarean section_ 
Prolonged labour (rupture of membranes >24h) 
Shoulder dystocia 

Failure to Progress Stagnation/Slow progress of labor, as reported as an indication 
for operative delivery or caesarean section, stratified to: 

- Primary phase of labor 
- Secondary phase of labor 

Foetal position/presentation Cephalic 
Shoulder 
Breech 

Duration of cervical dilatation <6 hours 
6-12 hours 
12-24 hours 
>24 hours 

Duration of active pushing during 
labour 

<1 hour 
1-2 hours 
2-4 hours 
>4 hours 
Unknown 

Mode of Delivery Spontaneous vaginal 
Forceps/Vacuum extraction 
Breech delivery 
Emergency CS (with indication) 
Elective CS (with indication) 
Unknown 

Post-partum complications None 
PPH >1000mL 
Placental Retention 
Puerperal fever/Endometritis 
Other  

Location of delivery Home or primary care centre (with midwife) 
Secondary/Tertiary Hospital (with gynaecologist) 

Maternal hospital admission Yes/no, with duration 
Neonatal Outcomes 

Neonatal Mortality Yes/No, with cause(s) of death (including pathology report) 
Antepartum 
Durante partum 
24 hours post-partum 
Day 2 – 7  
Day 8 – 28 
>28 days of age 
Unclear 

Stillbirth (Antepartum) Yes/no, with gestational age 
Gestational age at delivery In weeks/days 
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Prematurity/Preterm Birth Gestational age at delivery of <37 weeks 
Stratified: <28 weeks, <34 weeks, <37 weeks 

Birthweight Grammes 
Birthweight percentile %, according to the Dutch average (Hoftiezer percentiles) 

Stratified: <10% (Small for gestational Age) and >95% (Large 
for Gestational Age) 

Small-for-gestational age Birthweight percentile <p10 at delivery 
Apgar Score At 1 and 5 minutes 

Stratified: Apgar <7 and >7 at 5 minutes 
Umbilical artery pH <7.00 Yes/no  
Congenital abnormality Yes/no, with details 
Paediatric consult required Yes/no, with reason(s) 
NICU Admission required Yes/no, with reason(s) 

CS: caesarean section; (P)PROM: (Preterm) Premature Rupture Of Membranes; HDP: 
hypertensive disorders of pregnancy; 
 
Table 11.S12 Overview of Additional Outcomes with Definitions 

Characteristics Units/Definition 
Demographic Characteristics 

Age In years 
At time of delivery 
At time of pathological adenomyosis diagnosis 

Timing of adenomyosis diagnosis Stratified to: 
- <5 years after registered pregnancy 
- >5 years after registered pregnancy 

Ethnicity E.g. Dutch, Turkish, Surinamese etc. 
Socioeconomic Status Low income area yes/no 
Medical History Previous surgery, known gynaecological conditions, other chronic 

diseases/conditions (including depression or mental illness) 
Chronic medication Use Any medication used chronically or regularly (during pregnancy) 

Obstetric Characteristics 
Gravidity n 
Parity n 

Stratified to: 
Nulliparous 
Multiparous 

Multiple gestation in current pregnancy Yes/No 
Previous Abortions/Miscarriages Number 
Mode of Conception Spontaneous 

Assisted (IUI, IVF, ovulation stimulation) 
Other 

Previous pregnancy complications Premature birth, dysmaturity, abortion/miscarriage, HDP, vacuum 
extraction, Caesarean section, post-partum haemorrhage 

Gestational age at start of antenatal care In weeks 

IUI: intra-uterine insemination; IVF: in-vitro fertilisation; HDP: hypertensive 
disorders of pregnancy;  
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11B: Search Strategy PALGA Database 
Search terms:  (Adenomyose (code M76510) OR Adenomyoom (code 
M90130)) AND (‘uterus’) 
Retrieval terms: None 
Years: 1995 – 2018 
Material: Histology 
Gender: Female 
Age category: 18 – 50  
Number of search results with these parameters: 37,415 samples. 
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11C: Variables Collected from Perined Database: 
Requested from 1995 onwards.  
 
Table 11.S3: Available variables in Perined; the Dutch national perinatal 
registry 

Variable Label 
ABORTUS Zwschap afgebroken? 

ACHTERST Achterstand 

AMDDD Zwangerschapsduur (dg) 

AMWW Zwangerschapsduur (wk) 
AMWW1OND Zw.weken bij 1e onderzk 

AOI5_IGZ1 Adverse outcome (IGZ)-Mort (dp of pp) 

AOI5_IGZ2 Adverse outcome (IGZ)-Lage Apgar 

AOI5_IGZ3 Adverse outcome (IGZ)-NICU opname (37w+) 

AOI5_IGZ4 Adverse outcome (IGZ)-Ernstige ruptuur 

AOI5_IGZ5 Adverse outcome (IGZ)-Fluxus 

APGAR5 Apgar 5 min 
BB_DETAIL Begin baring detail 

CONCEP Conceptiewijze 
CGA_ERNST Cong.afw. (ernst) 

CONGAFW1 Congenitale afwijkingen-Zenuwstelsel en zintuigen 

CONGAFW2 Congenitale afwijkingen-Hart en bloedvaten 

CONGAFW3 Congenitale afwijkingen-Tractus digestivus 

CONGAFW4 Congenitale afwijkingen-Tractus respiratorius 

CONGAFW5 Congenitale afwijkingen-Tractus urogenitalis 

CONGAFW6 Congenitale afwijkingen-Huid en buikwand 

CONGAFW7 Congenitale afwijkingen-Skelet en spierstelsel 

CONGAFW8 Congenitale afwijkingen-Multipele/syndromale afw. 

CONGAFW9 Congenitale afwijkingen-Overige congenitale afw. 

CONGAFW10 Congenitale afwijkingen-Geboortetrauma 

DDAT Aterme datum 

DDGEB Geb.datum kind 

DDGEBM Geb.datum moeder 

DUUR_GVL Duur gebroken vliezen 
DUUR_UITDR Uitdrijvingsduur 

EB_DETAIL Einde baring detail 

EPI Episiotomie 
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ETNIC Etniciteit 
GESL Geslacht 

GEW Geboortegewicht 
GEWp50 Norm gewicht 

GEWPCTLA Gewichtspercentiel 

GRAV Graviditeit 

HOFTIEZER Hoftiezer pctl 
HPP Bloedverlies 

JAAR Registratiejaar 

KIND_MORBID1 Morbiditeit-Prematuur 

KIND_MORBID2 Morbiditeit-Apgar < 7 

KIND_MORBID3 Morbiditeit-SGA (Gew < P10) 

KIND_MORBID4 Morbiditeit-Cong. afwijking 

KIND_MORT Kind overleden 
LEVENSVTBR Levensvatbaar? 

LFT Leeftijd moeder 

LIGGING Ligging 
MATMORT Moeder overleden 

MC Meerlingnummer 

NICUopname NICU opname 

OMV Omvang meerling 

PAR Pariteit 
PEDIATER Pediatrische betrokkenheid 

PLTSECHT Plaats bevalling 

PROBL_BA1 Problemen bij baring-Meconium 

PROBL_BA2 Problemen bij baring-Foetale nood 

PROBL_BA3 Problemen bij baring-Langd gebr vliezen 

PROBL_BA4 Problemen bij baring-Onvold vorderen 

PROBL_IA1 Anamnese problemen-Abortus/miskraam 

PROBL_IA2 Anamnese problemen-Eclampsie/HELLP/toxicose 

PROBL_IA3 Anamnese problemen-Vroeggeboorte 

PROBL_IA4 Anamnese problemen-Dysmaturiteit 

PROBL_IA5 Anamnese problemen-Kunstverlossing 

PROBL_IA6 Anamnese problemen-Sectio 

PROBL_IA7 Anamnese problemen-HPP 

PROBL_IA8 Anamnese problemen-MPV 

PROBL_IA9 Anamnese problemen-Totaalruptuur 
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PROBL_IA10 Anamnese problemen-Problematisch kind 

PROBL_ZW1 Zwangerschap problemen-Diabetes 

PROBL_ZW2 Zwangerschap problemen-Hypertensie/toxicose 

PROBL_ZW3 Zwangerschap problemen-(Pre-)eclampsie 

PROBL_ZW4 Zwangerschap problemen-Neg. Dyscongruentie 

PROBL_ZW5 Zwangerschap problemen-Pos. dyscongruentie 

PROBL_ZW6 Zwangerschap problemen-Bloedverlies 

PROBL_ZW7 Zwangerschap problemen-Vruchtwater verlies 

PROBL_ZW10 Zwangerschap problemen-Dreigende vroeggeboorte 
RESP_BB Zorg begin baring 

RESP_EB Zorg einde baring 

RESP_ZW Zorg begin zwangerschap 

RUPT Ruptuur 

SECTIO_I_A Sectio in anamnese? 

SES SES 

TELLING1 Telling-Zwangerschappen 

TELLING2 Telling-Alle partus 

TELLING3 Telling-1e kind v partus 

TELLING4 Telling-Laatste kind 

TELLING5 Telling-Alle kinderen 

TELLING6 Telling-Alle casus 

TYPEBARING Type baring 
URBAN Urbanisatiegraad 

N_APGAR_1 Apgar na 1 min 

N_APGAR_5 Apgar na 5 min 

N_ASFYXIE_VERDENKING_ONTSLAG Asfyxie verdenking? 

N_BEH1 Behandelingen 

N_BEH2 Behandelingen 

N_BEH3 Behandelingen 

N_BEH4 Behandelingen 

N_BEH5 Behandelingen 

N_BEH6 Behandelingen 

N_BEH7 Behandelingen 

N_BEH8 Behandelingen 

N_BEH9 Behandelingen 

N_BEH10 Behandelingen 

N_BEH11 Behandelingen 
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N_BEH12 Behandelingen 

N_BEH13 Behandelingen 

N_BEH14 Behandelingen 

N_BEH15 Behandelingen 

N_BEH16 Behandelingen 

N_BEH17 Behandelingen 

N_BEH18 Behandelingen 

N_BEH19 Behandelingen 

N_BEH20 Behandelingen 

N_BEH21 Behandelingen 

N_BEH22 Behandelingen 

N_BEH23 Behandelingen 

N_BEH24 Behandelingen 

N_BEH25 Behandelingen 

N_BEH26 Behandelingen 

N_BEH27 Behandelingen 

N_BEH28 Behandelingen 

N_BEH29 Behandelingen 

N_BEH30 Behandelingen 

N_BLOEDGROEP_KIND Bloedgroep kind 

N_BLOEDGROEP_VROUW Bloedgroep moeder 

N_CGMA1 Cong. afw. (detail) 

N_CGMA2 Cong. afw. (detail) 

N_CGMA3 Cong. afw. (detail) 

N_CGMA4 Cong. afw. (detail) 

N_CGMA5 Cong. afw. (detail) 

N_CGMA6 Cong. afw. (detail) 

N_CGMA7 Cong. afw. (detail) 

N_CGMA8 Cong. afw. (detail) 

N_CGMA9 Cong. afw. (detail) 

N_CGMA10 Cong. afw. (detail) 

N_CGMA11 Cong. afw. (detail) 

N_CGMA12 Cong. afw. (detail) 

N_CGMA13 Cong. afw. (detail) 

N_CGMA14 Cong. afw. (detail) 

N_CGMA15 Cong. afw. (detail) 

N_CGMA16 Cong. afw. (detail) 
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N_CGMA17 Cong. afw. (detail) 

N_CGMA18 Cong. afw. (detail) 

N_CGMA19 Cong. afw. (detail) 

N_CGMA20 Cong. afw. (detail) 
N_CPAPDG dagen CPAP 

N_DDBEGINZORG Opname datum 

N_DDEINDEZORG Ontslag datum 

N_DDMORT Sterftedatum 

N_DIAGD1 Spijsverteringskanaal stoornis 

N_DIAGD2 Spijsverteringskanaal stoornis 

N_DIAGD3 Spijsverteringskanaal stoornis 

N_DIAGD4 Spijsverteringskanaal stoornis 

N_DIAGD5 Spijsverteringskanaal stoornis 

N_DIAGD6 Spijsverteringskanaal stoornis 

N_DIAGR1 Respiratoire problemen 

N_DIAGR2 Respiratoire problemen 

N_DIAGR3 Respiratoire problemen 

N_DIAGR4 Respiratoire problemen 

N_DIAGR5 Respiratoire problemen 

N_DIAGR6 Respiratoire problemen 

N_DIAGC1 Circulatoire problemen 

N_DIAGC2 Circulatoire problemen 

N_DIAGC3 Circulatoire problemen 

N_DIAGC4 Circulatoire problemen 

N_DIAGC5 Circulatoire problemen 

N_DIAGC6 Circulatoire problemen 

N_DIAGZ1 Zenuw/zintuig stoornissen 

N_DIAGZ2 Zenuw/zintuig stoornissen 

N_DIAGZ3 Zenuw/zintuig stoornissen 

N_DIAGZ4 Zenuw/zintuig stoornissen 

N_DIAGZ5 Zenuw/zintuig stoornissen 

N_DIAGZ6 Zenuw/zintuig stoornissen 

N_DIAGG1 Geboortetrauma 

N_DIAGG2 Geboortetrauma 

N_DIAGG3 Geboortetrauma 

N_DIAGG4 Geboortetrauma 

N_DIAGG5 Geboortetrauma 
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N_DIAGG6 Geboortetrauma 

N_DIAGA1 Diagnosen (detail) 

N_DIAGA2 Diagnosen (detail) 

N_DIAGA3 Diagnosen (detail) 

N_DIAGA4 Diagnosen (detail) 

N_DIAGA5 Diagnosen (detail) 

N_DIAGA6 Diagnosen (detail) 

N_DIAGA7 Diagnosen (detail) 

N_DIAGA8 Diagnosen (detail) 

N_DIAGA9 Diagnosen (detail) 

N_DIAGA10 Diagnosen (detail) 

N_DIAGA11 Diagnosen (detail) 

N_DIAGA12 Diagnosen (detail) 

N_DIAGA13 Diagnosen (detail) 

N_DIAGA14 Diagnosen (detail) 

N_DIAGA15 Diagnosen (detail) 

N_DIAGA16 Diagnosen (detail) 

N_DIAGA17 Diagnosen (detail) 

N_DIAGA18 Diagnosen (detail) 

N_DIAGA19 Diagnosen (detail) 

N_DIAGA20 Diagnosen (detail) 

N_DIAGA21 Diagnosen (detail) 

N_DIAGA22 Diagnosen (detail) 

N_DIAGA23 Diagnosen (detail) 

N_DIAGA24 Diagnosen (detail) 

N_DIAGA25 Diagnosen (detail) 
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11D: Search Results 

 
Table 11.S4: Search results from PALGA and Perined 

 PALGA Perined 
Total number of patients extracted from PALGA 
search 

36,168 5,156,730 

Able to be linked using national statistics bureau 
(CBS) 

19,252 4,097,353 

Obstetric Outcomes available in Perined 7,925 

 

Table 11.S5 PALGA Registry Characteristics of Patients Diagnosed 
with Adenomyosis after Hysterectomy from 1995-2018 

 Total Number of 
Adenomyosis Patients 
(n=36,168) 

Adenomyosis Patients with 
Obstetric Outcomes  
(n=7,925) 

p-value* 

Age at Hysterectomy (in years, 
Mean, (SD)) 

43.66 (4·60) 42.42 (4·86) P= 0·001 

Year of hysterectomy (year, 
Median, IQR) 

2006 (IQR 12) 2014 (IQR 5) P <0·001 

Time between registered 
pregnancy and hysterectomy 
(In years, Mean (SD)) 

n/a 13.22 (4·99) 
 
Within 5 years of 
pregnancy: 
1,396 (16·0%) 

n/a 

*P-value calculated using Chi2 analysis for dichotomous outcomes, Independent T-test for normally 
distributed continuous variables and Mann-Whitney U test for abnormally distributed continuous 
variables. 
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11E. Univariate Logistic Regression Analysis 
Table 11.S6: Odds Ratio for Adverse Obstetric Outcomes for Adenomyosis 
Patients versus General Population 

Outcome OR (95% CI) 
Miscarriage OR 1.22 (1.166 – 1.283) 
Prematurity OR 0.658 (95% 0.613-0.706) 
Small for Gestational Age OR: 1.32 (95% CI 1.23-1.40)  
Hypertensive Disorders of Pregnancy OR: 1.73 (95% CI 1.61 – 1.86) 
Postpartum Haemorrhage OR 1.058 (95% 0.971 – 1.152) 
Placental Issues (Composite) OR 1.144 (1.1016 – 1.287) 
Placenta Praevia OR 1.335 (95% CI 0.894-1.993) 
Placental Abruption OR 1.565 (95% CI 0.957-2.557) 
Placental Retention OR 1,102 (95% CI 0.971-1.251) 
Emergency CS OR 1.670 (95% CI 1.559-1.788) 
Neonatal Death OR 1.161 (95% CI 0.851-1.585) 
Intra-Uterine Foetal Death OR 0.749 (95% CI 0.587-0.956) 
Low Apgar (<7 at 5min) OR 1.001 (95% 0.863-1.162) 
NICU admission OR 0.938 (95% CI 0.884-0.996)  
Threatened Prematurity OR 1.837 (95% CI 1.658-2.035) 
Foetal Distress OR 1.219 (95% CI 1.131-1.313) 
Non-vertex Lie OR 1.420 (95% CI 1.337-1.509) 
Hyperemesis Gravidarum OR 2.055 (95% OR 1.560-2.708) 
Pain Relief during Labour OR 1.136 (95% CI 1.080-1.195) 
Failure to progress OR 1.540 (1.460-1.623) 
Endometritis: OR 2.479 (95% CI 1.492-4.119) 
Caesarean Section OR 1.564 (95% CI 1.479-1.653) 
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11F: Multivariate Regression Analysis 
Table 11.S7. Outcomes of multivariate regression analysis: 

MULTIVARIATE LOGISTIC REGRESSION ANALYSIS 
 

Miscarriage 
 

OR 1.525 (95% 1.440-1.616) 

Prematurity OR 0.761 (95% CI 0.692-0.836) 
 

Small for Gestational Age 
 

OR 1.15 (95% CI 1.067-1.248) 

Hypertensive Disorders of Pregnancy 
 

OR 1.370 (95% CI 1.25-1.498) 

Placental Issues (Composite) 
 

OR 1.350 (95% CI 1.176-1.550) 

Placenta Praevia OR 2.129 (95% CI 1.355 - 3.344) 
Placental Abruption 
 

OR 1.341 (95% CI 0.777-2.314) 

Placental Retention 
 

OR 1.278 (95% CI 1.101 -1.484) 

Threatened Prematurity 
 

OR 1.597 (95% CI 1.427 – 1.787) 

Emergency CS 
 

OR 1.538 (95% CI 1.410 – 1.679) 

Foetal Distress 
 

OR 1.126 (95% CI 1.029-1.232) 

Non-vertex Lie 
 

OR 1.367 (95% CI 1.270-1.473) 

Hyperemesis Gravidarum 
 

OR 2.071 (95% CI 1.521-2.820) 

Pain Relief during Labour 
 

OR 1.381 (95% CI 1.295-1.473) 

Failure to progress 
 
 
Failure to progress in first stage of labour 
Failure to progress in second stage of labour 
 

OR 1.156 (95% CI 1.084-1.233) 
 
 
OR 0.972 (95% CI 0.864 – 1.094) 
OR 1.242 (95% CI 1.124 – 1.373) 

Oxytocin Stimulation OR 1.040 (95% CI 0.947 – 1.143) 
 

Endometritis OR 1.696 (95% CI 1.020-2.820) 
 

Caesarean Section 
 

OR 1.725 (95% CI 1.606 – 1.853) 

Postpartum Haemorrhage OR 1.232 (95% CI 1.098-1.383) 



 cl 

 
Instrumental delivery OR 0.994 (95% CI 0.848-1.165) 

 
Prolonged rupture of membranes OR 1.355 (95% CI 1.238-1.483) 

 
PPROM OR 1.411 (95% CI 1.161-1.716) 

 
Preeclampsia OR 1.373 (95% CI 1.248-1.510) 

 
HELLP OR 0.991 (95% CI 0.662-1.484) 

 
PIH OR 1.378 (95% CI 1.258-1.509) 

 
*Corrected for: Parity, Age, Year of Birth, Multiple gestation, Induction of Labour, Low-income 
area, Ethnicity, Gestational Diabetes, History of Hypertensive disorder* 
OR: Odds ratio; CS: caesarean section; PPROM: Preterm premature rupture of membranes; PIH: 
pregnancy induced hypertension 
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11G: STROBE Checklist 
STROBE Statement—Checklist of items that should be included in 
reports of cohort studies  

 
Item 
No Recommendation 

Page 
Number 

 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the 
title or the abstract 

1 

(b) Provide in the abstract an informative and balanced summary 
of what was done and what was found 

2 

Introduction  
Background/rationale 2 Explain the scientific background and rationale for the 

investigation being reported 
3 

Objectives 3 State specific objectives, including any prespecified hypotheses 3, 4 

Methods  
Study design 4 Present key elements of study design early in the paper 4 
Setting 5 Describe the setting, locations, and relevant dates, including 

periods of recruitment, exposure, follow-up, and data collection 
4 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of 
selection of participants. Describe methods of follow-up 

4 

(b) For matched studies, give matching criteria and number of 
exposed and unexposed 

 

Variables 7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, if 
applicable 

4, 
Appendix 

Data sources/ 
measurement 

8*  For each variable of interest, give sources of data and details of 
methods of assessment (measurement). Describe comparability of 
assessment methods if there is more than one group 

4, 5 

Bias 9 Describe any efforts to address potential sources of bias - 
Study size 10 Explain how the study size was arrived at 4 
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. 

If applicable, describe which groupings were chosen and why 
5 

Statistical methods 12 (a) Describe all statistical methods, including those used to control 
for confounding 

5 

(b) Describe any methods used to examine subgroups and 
interactions 

- 

(c) Explain how missing data were addressed - 
(d) If applicable, explain how loss to follow-up was addressed - 
(e) Describe any sensitivity analyses - 

 

 

 



 clii 

Results 
Participants 13* (a) Report numbers of individuals at each stage of study—eg 

numbers potentially eligible, examined for eligibility, confirmed 
eligible, included in the study, completing follow-up, and analysed 

5, 6 

(b) Give reasons for non-participation at each stage 5 
(c) Consider use of a flow diagram 6 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, 
clinical, social) and information on exposures and potential 
confounders 

5, 6 

(b) Indicate number of participants with missing data for each 
variable of interest 

- 

(c) Summarise follow-up time (eg, average and total amount) - 
Outcome data 15* Report numbers of outcome events or summary measures over 

time 
7-13 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-
adjusted estimates and their precision (eg, 95% confidence 
interval). Make clear which confounders were adjusted for and 
why they were included 

7-13 

(b) Report category boundaries when continuous variables were 
categorized 

5, 7-13 

(c) If relevant, consider translating estimates of relative risk into 
absolute risk for a meaningful time period 

- 

Other analyses 17 Report other analyses done—eg analyses of subgroups and 
interactions, and sensitivity analyses 

- 

Discussion  
Key results 18 Summarise key results with reference to study objectives 15 
Limitations 19 Discuss limitations of the study, taking into account sources of 

potential bias or imprecision. Discuss both direction and 
magnitude of any potential bias 

15, 16 

Interpretation 20 Give a cautious overall interpretation of results considering 
objectives, limitations, multiplicity of analyses, results from similar 
studies, and other relevant evidence 

16 

Generalisability 21 Discuss the generalisability (external validity) of the study results 16 

Other information  
Funding 22 Give the source of funding and the role of the funders for the 

present study and, if applicable, for the original study on which 
the present article is based 

1 
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