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Abstract

Background: The prevalence of endometriosis and adenomyosis in subfertile
women is not completely known. Therefore, data regarding their impact on ovarian
reserve parameters or live birth rate (LBR) after /n Vitro Fertilization (IVF)
treatment is conflicting. A correct diagnosis is a prerequisite for appropriate
management and for studying a potential impact on fertility treatment outcomes.

Aims: The overall aim was to improve our knowledge on the prevalence of
endometriosis and adenomyosis in subfertile women by using transvaginal
ultrasonography, and to increase our understanding on how the diseases affect
ovarian reserve markers and fertility treatment outcomes.

Method: Paper I was a prospective, observational cohort study of 454 women
undergoing their first IVF treatment. We evaluated the association between ovarian
reserve markers with LBR. Paper II-11I were prospective cross-sectional studies of
1191 women planned for their first IVF treatment. We determined the prevalence of
endometriosis and adenomyosis at transvaginal ultrasonography, using the
definitions proposed by the International Deep Endometriosis Analysis (IDEA) and
the Morphological Uterus Sonographic Assessment (MUSA) groups. Paper IV-V,
both prospective cohort studies, aimed to evaluate the outcome after [VF-treatment
for women examined in study II-III, and to assess the predictive ability of MUSA
features and clinical variables on live birth, using a machine learning model.

Results: The ovarian reserve markers were associated with LBR but had a modest
predictive ability in relation to live birth. The prevalence of endometriosis was
260/1191 (21.8%) women, out of which three quarters had no previous knowledge
about the presence of the disease. In total 111/1160 (9.6%) women had direct
ultrasonographic features of adenomyosis, whereas 272/1160 (23.4%) women had
indirect signs of the disease. The presence of endometriosis reduced the chance of
live birth with 37%. Women with adenomyosis had similar chances of live birth as
women without, after adjusting for potentially confounding factors. However,
women with indirect signs of adenomyosis had a reduced chance of live birth.
MUSA features of adenomyosis were poor predictors of live birth, confirmed by the
machine learning model.

Conclusions: Endometriosis is common in women undergoing assisted
reproductive treatment. Most women are undiagnosed, and the disease may explain
their cause of subfertility. Endometriosis affects the ovarian reserve and lowers the
chance of live birth. Direct MUSA features of adenomyosis did not correlate to live
birth rates, whereas indirect features were associated with reduced live birth rates.
MUSA features of adenomyosis were poor predictors of live birth. Subfertile
women with undiagnosed endometriosis or adenomyosis may be deprived of correct
fertility counseling and individualized management. Women with symptoms
suggestive of the diseases should undergo systematic ultrasound examinations.
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Populérvetenskaplig sammanfattning

Bakgrund

Endometrios och adenomyos &r hormonberoende sjukdomar som drabbar
uppskattningsvis 10-15% av alla kvinnor i barnafédande alder. Sjukdomarna, som
ofta samexisterar, innebar att livmoderslemhinna aterfinns pa organ eller bukhinna
i bukhédlan (endometrios), eller i1 livmoderns muskelvigg (adenomyos).
Sjukdomarna orsakar ofta smirta, antingen konstant i nedre delen av magen eller i
samband med menstruation, tarmtdmning eller samlag. Sjukdomarna associeras ofta
med en nedsatt formaga att bli gravid. Det &r inte helt faststdllt om sjukdomarna
paverkar den sa kallade édggreserven, det vill siga det kvarvarande antal dgg i
dggstockarna som en kvinna har vid en viss alder. Aggreserven kan mitas indirekt
pa olika sétt, antingen genom ett blodprov (antimiillerskt hormon, s-~AMH) eller
genom att rikna antalet dggbldsor i dggstocklarna vid ultraljudsundersokning. Bada
dessa markorer speglar antalet kvarvarande &dgg i dggstockarna vil. Deras
korrelation med antal fodda barn efter konstgjord befruktning dr dock inte helt
faststalld.

I genomsnitt tar det ca 5-10 &r for en kvinna med endometrios att fa sin diagnos,
trots uttalade symptom. Eftersom endometrios och adenomyos ofta &r
underdiagnosticerade, lider manga kvinnor i det tysta. Méanga av dessa kvinnor har
dessutom en oftivillig barnloshet och maste genomgé konstgjord befruktning, sa
kallad IVF-behandling. Man tror att upp till 30-50% av alla kvinnor som har svért
att bli gravida dr drabbade av endometrios eller adenomyos. Eftersom det ar oként
hur ménga ofrivilligt barnlosa kvinnor som verkligen &r drabbade av endometrios
respektive adenomyos, &r det inte helt faststillt i vilken utstrdckning sjukdomarna
verkligen péverkar formagan att bli gravid eller hur utfallet blir efter konstgjord
befruktning.

Tidigare diagnosticerades endometrios i forsta hand med hjélp av titthalsoperation
och adenomyos genom vivnadsundersokning efter att livmodern opererats bort.
Med hjélp av modern teknologi, har mojligheterna att diagnosticera sjukdomarna
med hjilp av ultraljudsundersdkning okat. Detta innebar att det &r léttare att stilla
diagnos dven pé yngre kvinnor.

Idag saknas dock en enhetlig terminologi och tydliga kriterier for att diagnosticera
endometrios respektive adenomyos med hjélp av ultraljud. Detta har forsvérat
jamforelser av studier som undersokt sjukdomarnas forekomst och deras samband
med resultatet efter konstgjord befruktning. Foér nagra ar sedan foreslog
internationella grupper av ultraljudsexperter olika ultraljudsméssiga kriterier och
definitioner som ska anvindas for att stilla diagnoserna endometrios (IDEA) och
adenomyos (MUSA) vid ultraljudsundersokning. Anvindningen av dessa kriterier
behover utvirderas 1 storre studier.
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Syfte

Det &r oklart hur ménga av alla kvinnor som genomgar konstgjord befruktning som
lider av endometrios respektive adenomyos enligt dagens faststéllda
ultraljudskriterier. Det dr dessutom oklart om kvinnor som diagnosticerats med
sjukdomarna enligt dessa kriterier, har en sdmre chans att fa barn med hjilp av
konstgjord befruktning jaimfort med kvinnor som inte har sjukdomarna. Vidare ar
det oklart i vilken utstrackning endometrios respektive adenomyos paverkar den sa
kallade dggreserven. Ménga barnldsa par som ska genomga konstgjord befruktning
efterfragar om man kan forutspa utfallet av behandlingen. Hur stor dr chansen att
behandlingen kommer att lyckas och leda till ett levande fott barn?

I vara studier ville vi ta reda pa om olika markorer for dggreserven ar associerade
med antalet fodda barn efter konstgjord befruktning. Vidare ville vi undersdka hur
ménga av de kvinnor som genomgar konstgjord befruktning som faktiskt lider av
endometrios respektive adenomyos. Vi ville underséka om forekomsten av
sjukdomarna péverkar dggreserven eller ar kopplat till utfallet efter konstgjord
befruktning. Dessutom ville vi undersoka om man med hjélp av artificiell intelligens
(AD) kan skapa en anvindbar modell, for att se om olika kliniska variabler sasom s-
AMH eller ultraljudstecken till endometrios respektive adenomyos kan anvindas
for att forutspé utfallet efter konstgjord befruktning.

Metoder

I delstudie I jimfordes olika markorer for dggreserven, for att se om dessa kunde
anvindas for att forutsiga resultatet efter konstgjord befruktning. Virdet av s-AMH
mattes hos 454 kvinnor, vilket sedan korrelerades med antalet fodda barn. I delstudie
II-V inkluderades totalt 1191 kvinnor som skulle genomgé konstgjord befruktning.
Samtliga kvinnor undersdktes med systematisk ultraljudsundersdkning, for att se
hur manga som hade sjukdomarna endometrios eller adenomyos enligt faststillda
ultraljudskriterier. Av de kvinnor som sedan genomgick konstgjord befruktning
jdmforde vi om det var nagon skillnad i antalet fodda barn eller i dggreserven hos
kvinnor med, respektive utan sjukdomarna. Vi anvinde ocksd en Al modell for att
undersoka om de olika variablerna kunde anvindas for att forutspd om kvinnan
skulle fa ett barn efter konstgjord befruktning.

Resultat

I delstudie I fann vi ett samband mellan AMH-vérdet i blodet och antalet fodda barn
efter konstgjord befruktning. Trots det fann vi att man for den enskilda kvinnan inte
kunde forutspad om hon skulle fa ett barn enbart genom att analysera AMH-vérdet.

Delstudie II visade att drygt en femtedel av alla kvinnor som genomgick konstgjord
befruktning hade tecken till endometrios. Trots att manga av dessa kvinnor hade
uttalade symptom som é&r typiska for endometrios och adenomyos, var det bara en
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fjédrdedel av kvinnor med ultraljudsmissiga tecken till endometrios som faktiskt
kéande till att de hade sjukdomen.

I delstudie III fann vi att var tionde kvinna hade typiska, s kallade direkta, tecken
till adenomyos, medan ca en fjardedel hade négot enskilt tecken som eventuellt kan
tyda pa adenomyos, sé kallade indirekta tecken. Tecken till adenomyos 6kade med
aldern och var ocksé vanligare hos kvinnor som hade endometrios.

I delstudie IV-V fann vi att kvinnor som led av endometrios, hade ca 37% lagre
chans att fa barn efter konstgjord befruktning jamfort med kvinnor som inte hade
sjukdomen. Kvinnor med direkta tecken till adenomyos hade ddremot samma chans
att f4 barn efter konstgjord befruktning som kvinnor utan adenomyos, efter att
resultaten korrigerats for att ta hinsyn till olika faktorer som kan péverka utfallet av
konstgjord befruktning, till exempel 4&lder, &ggstockarnas é&ggreserv och
forekomsten av endometrios. Kvinnor med indirekta tecken till adenomyos hade
dock en ligre chans att f& barn efter konstgjord befruktning jamfort med friska
kvinnor dven efter att resultaten korrigerats. En mojlig orsak &r att manga kvinnor
med indirekta tecken samtidigt hade endometrios, vilket ddrmed skulle kunna
paverka resultatet.

Slutsatser

Aven om ett samband mellan en kvinnas dggreserv och antalet fodda barn efter
konstgjord befruktning kunde pavisas, ar det ménga andra faktorer som samverkar
och paverkar resultatet. Man kan dérfor inte anvinda ett enskilt blodprov eller
ultraljudsfynd for att forutspa utfallet efter IVF behandling for den enskilda
kvinnan. Dock kan markoérer for dggreserven anvindas i radgivande syfte och for
att planera behandlingar med konstgjord befruktning.

En stor andel barnldsa kvinnor som soker hjélp for att bli gravida lider av
endometrios eller adenomyos. Trots att de ofta har uttalade symptom som péverkar
livskvaliteten, har majoriteten aldrig blivit diagnosticerade. Forekomsten av
endometrios kan péverka chansen att bli gravid efter konstgjord befruktning.
Medvetenheten om endometrios och adenomyos behover dka, bade hos allménheten
och bland ldkare. Fler kvinnor skulle behova remitteras for systematisk
ultraljudsundersokning. Inte bara for att fa en diagnos, utan framfor allt for att fa
adekvat hjalp med korrekt behandling och radgivning. Storre studier behovs for att
undersoka om visa typer av behandlingar skulle kunna 6ka chanserna for kvinnor
med endometrios att f4 barn med hjilp av konstgjord befruktning.
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Thesis at a glance

To evalute the association between
s-antimullerian hormone (s-AMH)
and cumulative live birth rates after
In vitro fertilization (IVF) treatment.
To compare the predictive ability of
s-AMH to antral follicle count and
ovarian sensitivity index in relation
to live birth.

To determine the prevalence of
endometriosis at systematic
transvaginal ultrasonography in
subfertile women scheduled for
their first In vitro fertilization (IVF)
treatment, using the International
Deep Endometriosis Analysis
(IDEA) group definitions.

To determine the prevalence of
direct and indirect features of
adenomyosis at 2D and 3D
ultrasonography, in subfertile
women scheduled for their first IVF
treatment, using the Morphological
Uterus Sonographic Assessment
(MUSA) group definitions.

To evaluate the cumulative live
birth rate after the first IVF
treatment in women with or without
endometriosis diagnosed by
ultrasonography.

To evaluate the cumulative live
birth rate after the first IVF
treatment in women with or without
adenomyosis, and to evaluate the
predictive value of clinical variables
and MUSA features of
adenomyosis in relation to live
birth, using a machine learning
model.

The cumulative live birth rate was associated with s-
antimullerian hormone levels. The predicitive ability
of s- antimullerian hormone in relation to live birth
was poor and equal to that of antral follicle count
and ovarian sensitivity index.

Out of 1191 women, in total 260 (21.8%) women
had endometriosis on ultrasound examination. Of
these, three quarters of women were previously
unaware of having the disease. For many women,
the presence of endometriosis explained their
cause for subfertility. More women with typical
symptoms suggestive of endometriosis should be
referred for systematic ultrasound examination.

Out of 1160 women, in total 111 (9.6%) women had
direct features of adenomyosis and 272 (23.4%)
women had indirect features. Increasing age,
presence of endometriosis or previous pregnancy
increased the odds for having any features of
adenomyosis. The use of 3D ultrasound was an
important complement to conventional 2D
ultrasound for the diagnostics.

The cumulative live birth rate was lower in women
with endometriosis (78/234; 33.3%) compared to
women without the disease, [348/806 (43.2%)],
p=0.007. Women with endometriosis had a lower
chance of live birth compared to women without the
disease, adjusted relative risk 0.63 (95% CI; 0.48-
0.82).

Cumulative live birth rates were lower in women
with direct features of adenomyosis [25/102 (24.5%;
95% ClI, 17.5-31.5)] compared to women without [
399/935 (42.7%; 95% Cl, 39.5-45.8)], p<0.001.
However, after adjustments were made for
potentially confounding factors such as age,
presence of endometriosis or ovarian reserve
parameters, the chance of live birth was similar
between the two groups, adjusted relative risk 0.83;
95% Cl, 0.56-1.22. Women with indirect features
had a lower chance of live birth compared to
women without, adjusted relative risk 0.64, (95% ClI,
0.47-0.87)], p=0.005. The prognostic ability of
clinical variables and MUSA features in relation to
live birth was poor, which was confirmed by the
machine learning model.
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Preface

As an obstetrician and gynaecologist, I meet many women that have failed to
conceive. Often, their lives have been put on hold while they wait for their dream
of having a child to come true. In addition, many of these women suffer from
excruciating pain, which at times is debilitating. Some may faint at work or must
stay in bed for several days every month. Others describe how every footstep or
intimate situation feels like having a knife stabbed into their abdomen. Common for
these women are the questions they ask me. What is the cause of my pain? Why
hasn’t anyone told me what is wrong when [ have been suffering for so long? Will
I ever have a child? Listening to their stories has come to affect me. This thesis is
for all the brave women I have met over the years.
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Introduction

Background

Endometriosis and adenomyosis are hormone-dependent, often coexisting diseases,
affecting around 10 - 15% of all women of reproductive age (1, 2). Typical, and
often debilitating symptoms are dysmenorrhea, dyspareunia, pelvic pain and
dyschezia. Endometriosis and adenomyosis are often associated with subfertility
and may be present in up to 20-50% of women undergoing assisted reproductive
treatment (ART) (3, 4). However, the precise mechanisms and the causal links
between endometriosis, adenomyosis and subfertility remain unknown.

Various studies report significant differences in the prevalence of endometriosis and
adenomyosis (5, 6). Consequently, results regarding the impact of the diseases on
the ovarian reserve or ART outcomes are conflicting. Partly, differences in reported
prevalence and ART results may be explained by a lack of uniform diagnostic
criteria and methods used to detect and classify adenomyosis and endometriosis.

The gold standard for diagnosing endometriosis and adenomyosis has been surgery
with histopathological confirmation, often with considerable diagnostic delay.
However, operating on all subfertile women is not feasible and hysterectomy is not
an alternative for women who wish to preserve their fertility. Transvaginal
ultrasonography (TVUS) with improved resolution has emerged as a non-invasive,
sensitive, and specific method to diagnose both endometriosis and adenomyosis (7,
8). Clearly defined ultrasound criteria to describe endometriosis and adenomyosis
at TVUS are prerequisites for a correct diagnosis and for studying the potential
impact of the diseases on fertility treatment outcomes.

This thesis attempts to investigate the above-mentioned aspects of endometriosis
and adenomyosis concerning prevalence in subfertile women, and association with
ovarian reserve parameters and fertility treatment outcomes, when using clearly
defined ultrasonographic definitions.
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Ultrasound

Basic principles

Ultrasound refers to sound waves, with a frequency typically higher than 20 kHz.
In gynaecology, ultrasound is used as a non-invasive imaging technique for
visualizing internal structures of the pelvis.

The ultrasound transducer contains piezoelectric crystals, that generate high
frequency sound waves when an electric voltage is applied. The ultrasonic waves can
then be transmitted through the body. When the ultrasound waves encounter a
boundary between tissues with different densities, some of the waves are reflected as
echoes to the same piezoelectric crystals that emitted the sound waves. The returning
echoes are then converted into electric signals, that reflect the composition and density
of the encountered tissues. The ultrasound system will process these signals. By
calculating the distance, intensity and time delay of the echoes, grayscale images that
represent the different densities of the internal structures will be generated.

2D ultrasound

In two-dimensional (2D) ultrasound, or brightness-mode (B-mode), an image that
represents a cross-section of the scanned tissue will be generated, as shown in figure
1. The brightness, or grayscale level of each pixel in the image corresponds to the
intensity of the reflected echoes. The intensity depends on the difference between
two densities. For example, the difference in density between soft tissue and bone or
between soft tissue and air is large. Therefore, the reflected signals will generate a
strong current, which results in a bright boundary between the tissues in the
ultrasound image. If the difference in density is small, a weak current is generated,
which results in a dark boundary between the two different tissues. If the media have
the same densities, no signals are reflected, and no current is generated. The resultant
image looks black. Measurements of different structures are made in B-mode.

3D Ultrasound

Three-dimensional (3D) ultrasound images are generated through the acquisition of
multiple consecutive images (tomograms) through the mechanical movement of the
ultrasound beam within the transvaginal probe. A volume set is stored on the
computer memory (9). The volume dataset can then be examined using section
reconstruction, surface rendering or volume rendering. It is possible to rotate and
reconstruct any chosen section within the volume dataset, which is the major
advantage over 2D imaging. For example, it is possible to obtain a coronal view of
the uterus, allowing for evaluation of the fundal and lateral aspects of the junctional
zone (JZ), which is not possible with conventional 2D ultrasound (10), (Figure 2).
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As this may improve the diagnostic accuracy for adenomyosis (11), the use of 3D
TVUS is usually recommended for the diagnostics (8, 12).

Figure 1. A 2D (B-mode) image of the uterus in the sagittal view.
2D= two-dimensional; B-mode= brightness mode. The arrow indicates a hypoechoic, regular junctional
zone, whereas the asterisk marks the hyperechoic endometrium of the uterus.

Figure 2. A 3D ultrasound image of the uterus in the multiplanar view.
3D= three-dimensional. The coronal plane of the uterus is shown in the bottom row. The arrow
indicates a regular and uninterrupted junctional zone, which is better visualized in the coronal plane.
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Subfertility and markers of the ovarian reserve

Subfertility

Subfertility (often used interchangeably with the term infertility) is a failure to
achieve pregnancy after one year of unprotected, regular sexual intercourse (13).
Approximately 10% of all couples are believed to be affected (14).

The main reason for subfertility is male in 20 - 30%, female in 20 -30% and
combined male and female in 25 - 50%. For the remaining couples, the reason for
subfertility is unexplained. Environmental and lifestyle factors such as smoking, or
obesity can affect fertility. Among female factors are ovulatory dysfunction, tubal
occlusion, uterine factors, endometriosis, and a diminished ovarian reserve (15).

The ovarian reserve

The ovarian reserve is the quantity of remaining oocytes in the ovaries at a given
time (16). A female is born with approximately 500 000 to 1 million oocytes. Over
time, this number is depleted as part of normal ovarian ageing (17). The quality of
the oocyte also declines as a result of mitochondrial dysfunction and oxidative stress
(18). When no oocytes remain, the woman enters menopause (19). The speed with
which this happens is individual and related to several factors such as genetics and
lifestyle.

The ovarian reserve can only be measured indirectly through markers such as serum
antimiillerian hormone (s-AMH) or antral follicle count (AFC). These markers have
been found to correlate well with the functional ovarian reserve, which is the number
of growing follicles 2 — 5 mm, out of which one will be selected to be the dominant
follicle and subsequently ovulate.

The AMH and AFC are thought to be equivalent markers for assessment of the
ovarian reserve prior to ART (20). They are used to plan fertility treatments and to
monitor ovarian response to Follicle stimulating hormone (FSH) -stimulation (21).

Antimiillerian hormone (AMH)

Antimiillerian hormone is a glycoprotein exclusively secreted by the granulosa cells
surrounding the primordial, pre-antral and small antral follicles in the ovary (22).
The AMH has an inhibitory effect on the pool of primordial follicles and acts by
limiting the number of follicles available for recruitment, as well as by influencing
the FSH-dependent growth of ovarian follicles (23). The expression of AMH is lost
in follicles > 8 mm after FSH- dependent selection. Despite a certain intra-and
intercycle variability, the s~AMH level is used as a proxy of the functional ovarian
reserve (24), (Figure 3). However, even if s-~AMH has been shown to correlate well
with the ovarian response in ART and with time to menopause (25, 26), it is not
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predictive of spontaneous pregnancy (27). Moreover, contrary to what was initially
indicated (28), its use as a predictive marker of live birth (LB) after ART has later
been questioned (29, 30, 31, 32).

A

AMH expression

Primordial  Secondary  Small antral Pre-ovulatory

® o ® i - ° ° o " °

Functional ovarian
reserve

AMH levels

Figure 3. Antimiillerian hormone expression and concentration in relation to folliculogenesis
and ovarian reserve.

AMH=Antimullerian hormone. (A) AMH expression increases from the secondary stage until the small
antral follicle stage. In preovulatory follicles, AMH is only expressed in cumulus granulosa cells
surrounding the oocyte (dark pink layer). (B) With increasing age, the functional ovarian reserve
decreases, with a reduction of the number of small antral follicles and a decrease in serum AMH levels.

Reprinted with permission from Anti-Mullerian Hormone and Ovarian Reserve: Update on Assessing Ovarian
Function. L. M. E. Moolhuijsen and J. A. Visser. J Clin Endocrinol Metab 2020 Vol. 105 Issue 11, CC by 4.0.

Antral Follicle Count (AFC)

The AFC is the number of antral follicles 2 — 10 mm visible on TVUS in early
follicular phase. The AFC strongly correlates with s-AMH levels (20). Between
experienced examiners, the interobserver reliability is high and intercycle variability
is low (33). However, in ovaries containing large cysts that stretch the ovarian
cortex, the visualization of small antral follicles at TVUS may be reduced and the
AFC therefore underestimated (34). For this reason, AFC may be of limited use for
estimating the ovarian reserve in the presence of endometriomas.
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Endometriosis

Definition

Endometriosis is an oestrogen-dependent inflammatory disease defined by ectopic
endometrium-like tissue lesions primarily affecting the pelvic organs (1).
Endometriosis exists in three clinically distinct forms; I) Superficial endometriosis
describes endometriotic lesions on the peritoneal surface, II) endometriomas are
ovarian cysts lined by endometrial mucosa and III) Deep endometriosis (DE),
previously termed deep infiltrating endometriosis (DIE), considered to be the most
aggressive form, is defined as endometriosis infiltrating deeper than 5 mm under the
peritoneum (35). Common for all three forms are ectopic endometrial epithelial or
stromal cells, chronic bleeding, and inflammation.

Aetiology

The exact cause of endometriosis is not fully understood. The pathophysiology is
likely multifactorial, involving genetic (36, 37), hormonal, immune, and
environmental factors. Several theories exist that attempt to explain the
development and progression of the disease.

The most accepted theory on the pathogenesis of endometriosis suggests that
retrograde menstruation flows through the fallopian tubes into the peritoneal cavity,
where endometrial debris gets attached to the peritoneum, invades the tissue, and
establishes a blood supply (38). Due to a suboptimal immune response, the implants
are not properly cleared from the peritoneum, enabling endometriosis to develop.
Why disease would develop only in some women, even if most women have
retrograde menstruation to some extent, is not known (1).

Alternative theories propose that remaining cells from embryologic Miillerian duct
migration may develop into endometriotic lesions under the influence of oestrogen
(39), or that endometriosis originates from stem cells that circulate in the blood (40).
Others have suggested that endometriosis is the result of metaplasia of the cells
lining the peritoneum into endometrium-like tissue (41), or that hematogenous or
lymphatic dissemination of endometrial cells may result in their distant implantation
(39).

Prevalence

Approximately 5 — 10% of women of reproductive age are believed to be affected
by endometriosis (1). However, the time between the first symptoms and visible
endometriosis lesions confirming the disease is usually considerable (42), and the
number of unreported cases may be substantial. The disease is likely to be much
more prevalent among subfertile women than in the general female population.
Estimations of the prevalence of endometriosis among subfertile women vary
largely and range from 6 to 50% (4). This variation is probably due to a
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heterogeneity in study design, as well as a lack of uniform diagnostic criteria and
methods used to detect and describe the endometriotic lesions. Traditionally, the
diagnosis was made after surgery in combination with histopathology. However,
only a selection of symptomatic women undergo surgery, and not all women with
endometriosis have typical symptoms. It would be optimal if more women were
diagnosed at an earlier stage of endometriosis development. There is a knowledge
gap regarding the prevalence of endometriosis diagnosed at TVUS in subfertile
women.

Adenomyosis

Definition

Adenomyosis is a hormone-dependent disease, often coexisting with endometriosis
(43). The disease is characterized by proliferation of ectopic endometrial glands and
stroma within the myometrial wall, leading to hyperplasia and hypertrophy of the
surrounding myometrium (2). Adenomyosis may be focal or diffuse (Figure 4).

Focal Diffuse Adenomyoma

Figure 4. Different phenotypes of adenomyosis. Images showing the uterus in the coronal plane,
with adenomyosis lesions (brown) in the myometrial wall. Image used under license from Shutterstock.

The JZ, or endo-myometrial interface, is the hormone-dependent inner 1/3 of the
myometrium, believed to be of vital importance in the embryo implantation process
(44). The JZ probably plays an important role in the development of adenomyosis.
Minor changes of the JZ have been suggested to be early signs of the disease (45)
and may also be related to endometriosis (46) and subfertility.

Aetiology

The definitive cause of adenomyosis is unknown. The disease is more common in
women with endometriosis (47). Adenomyosis is often associated with oestrogen
dominance, with an imbalance between oestrogen and progesterone (48). Oestrogen
stimulates the growth and proliferation of endometrial tissue. Increased exposure to
oestrogen, particularly in the absence of sufficient progesterone, may contribute to
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the development of adenomyosis (48). Known risk factors are an early menarche,
short menstrual cycles, obesity and increasing age (49). Parity and surgical trauma
to the uterus are other risk factors (50, 51), suggesting that disruption of the endo-
myometrial border is important in the development of the disease (52). There is
evidence to suggest a genetic predisposition to adenomyosis (48). Individuals with
a family history of adenomyosis may be at higher risk, indicating a potential genetic
component.

Different theories have been proposed to explain the pathogenesis and development
of adenomyosis. However, the pathophysiology is likely multifactorial, and
proposed mechanisms may interact in different ways among individuals.

The theory of tissue injury and repair (TIAR), suggests that adenomyosis is the
result of repeated microtrauma to the JZ, induced by hyperperistalsis of the uterus
or by trauma such as pregnancy or curettage (53). Subsequent repair processes,
mediated by oestrogen, may in turn induce more inflammation and increase the
peristalsis in a vicious circle. This could lead to additional disruption of the JZ with
resultant invagination of basal endometrium into the myometrium. In addition,
hyperperistalsis may also cause desquamation of fragments of basal endometrium
into the tubes and subsequently into the peritoneal cavity, resulting in endometriosis
in the pelvis. This way, adenomyosis and endometriosis may share the same
pathophysiology. However, this theory has been disputed by others (54). Instead
adenomyosis has been suggested to be caused by aberrant endometrial stem cells
that move towards the myometrium instead of the functional layer of the
endometrium (55), alternatively originates from metaplasia of remnants of the
Miillerian ducts (54).

Prevalence

The reported prevalence of adenomyosis ranges from 5-70% depending on different
populations examined and different diagnostic modalities and definitions used to
establish the diagnosis (5). In a highly selected population consisting of women
undergoing hysterectomy, the reported prevalence of adenomyosis varies between
20-70% (56). Women of reproductive age with a wish to conceive are
underrepresented in such studies. Over the last years, Magnetic Resonance Imaging
(MRI) and TVUS have emerged as sensitive and specific methods for diagnosing
adenomyosis. This has enabled non-invasive studies on the prevalence of
adenomyosis. In women attending a general gynaecology clinic at a university
hospital, ultrasonographic signs of adenomyosis were found in 22% of all women
(57). However, there is a knowledge gap regarding the prevalence of adenomyosis
in women with subfertility, adhering to strict ultrasonographic criteria.
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Subfertility in endometriosis and adenomyosis

Endometriosis and adenomyosis are associated with subfertility (3). Whereas
healthy women have fecundity rates of 15-20% per month, this rate is 2%-10% in
women with untreated endometriosis (58, 59). Women with mild endometriosis
have lower probability of pregnancy over 3 years (36%) compared to women with
unexplained infertility (55%) (60). Clinical and epidemiological data regarding
fertility in women with adenomyosis are scarce, as the diagnosis previously was
made only after hysterectomy (61). Studies on baboons have shown that
adenomyosis is strongly associated with lifelong infertility (62). Further, several
studies have indicated that endometriosis and adenomyosis are associated with a
worse pregnancy outcome compared to healthy women. An increased risk of
preeclampsia, preterm delivery, small for gestational age rates and placenta previa
has been implicated in women with the diseases (63, 64, 65). Closer monitoring of
their pregnancies has been suggested (66).

Endometriosis and adenomyosis may be the cause of infertility in up to 20-50% of
women undergoing ART (4). However, whether endometriosis and adenomyosis
affect ART results remains controversial, as results are contradictive. Some studies
have indicated significantly lower pregnancy rates (PR) (24%) in women with
adenomyosis compared to healthy women (45%) after IVF treatment (67, 68).
Reduced LBR and increased miscarriage rates in women with the disease have also
been reported (63). In other studies, women with endometriosis undergoing IVF
treatment had lower PR and LBR compared to women without (69, 70). A
retrospective study found that women with endometriosis diagnosed at laparoscopy
had a 24% less likelihood of a LB compared to those with unexplained infertility
(71). However, several meta-analyses have disputed such associations, and instead
suggested that IVF/ICSI outcomes in women with endometriosis or adenomyosis
are similar to those without the diseases (72, 73, 74, 75, 76). It is likely that different
results may be explained by heterogeneities regarding study design, diagnostic
methods and criteria used to diagnose endometriosis and adenomyosis.

The lack of reliable data regarding the prevalence of endometriosis and
adenomyosis in subfertile women hampers the interpretation of studies regarding a
possible association between the diseases, subfertility, and ART outcomes. There is
a knowledge gap regarding IVF/ICSI outcomes in women with endometriosis or
adenomyosis diagnosed by TVUS, using uniform sonographic definitions (77).

The precise mechanisms and the causal links between endometriosis and
adenomyosis with subfertility in affected women remain unclear. Moreover, it has
not been established whether different phenotypes of the diseases have similar
effects, or whether there exists a biologic gradient, with inferior outcomes in more
extensive disease (78). Further, it is unknown whether endometriosis and
adenomyosis act additively or independently (65).
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Proposed mechanisms underlying subfertility

Prerequisites for a successful IVF/ICSI treatment outcome are embryos of top
quality and a receptive endometrium for implantation. /n vivo, zygote transport
within the fallopian tubes is also important. The main determinant of embryo quality
is the quality of the oocyte, whereas endometrial receptivity is dependent on an
appropriate hormonal environment (79). Endometriosis and adenomyosis may
interfere with these factors in different ways (Figure 5). Proposed mechanisms are
local hyperestrogenism and progesterone resistance, inflammation, oxidative stress,
aberrant angiogenesis, increased uterine contractility, and genetic changes (80, 81),
some of which are described below. However, the reasons for subfertility in
endometriosis and adenomyosis are likely to be multifactorial.

Endometriosis

Adenomyosis

Chronic inflammation Chronic inflammation

Adhesions with tubal occlusion Distorted uterine anatomy
U Endometrial receptivity Hyperperistalsis
4 Oocyte quality and quantity Abnormal uterotubal transport
3 Sperm function Reactive oxygen species
7 Local oestrogen J Endometrial receptivity
Progesterone resistance ¥ Local Oestrogen
Disturbed folliculogenesis ¥ Angiogenesis

Pain and deep dyspareunia Progesterone resistance

Figure 5. Proposed mechanisms for subfertility in women with endometriosis and adenomyosis.
ROS= Reactive oxygen species. The image was created with BioRender.com

Inflammation

The presence of ectopic endometrium is associated with elevated levels of
inflammatory mediators such as prostaglandins (PG), cytokines, chemokines and
angiogenic factors (4, 39). Whether the inflammation is a result of, or predisposes
to endometriosis, is not known (59). Dysfunctional macrophages, that express
elevated levels of cyclo-oxygenase-2 (COX-2), are present in increased numbers.
These produce more amounts of PG compared to those of women without
endometriosis. PGE, increase uterine contractility and is believed to be of
importance for pain and infertility (1). In women with adenomyosis, there is an
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abnormal inflammatory response within the myometrium, with abnormally high
levels of free radicals (reactive oxygen species, (ROS)) (82).

Inflammatory mediators and oxidative stress may negatively impact gamete
function and quality, thereby compromising fertility. Suggested consequences are
affected oocytes, sperm deoxyribonucleic acid (DNA) fragmentation and reduced
sperm motility (83).

Local hyperestrogenism and progesterone resistance

Inflammation in endometriosis and adenomyosis is strongly linked to local
hyperestrogenism and progesterone resistance. Oestrogen promotes the growth and
proliferation of endometrial tissue. Oestrogen receptor B (ERP), which mediates
oestrogen action, is present at much higher levels in ectopic than in eutopic
endometrium (84). Menstrual blood from women with adenomyosis contains
increased levels of oestradiol (85).

In a positive feedback mechanism, oestrogen stimulates COX-2 through ERf, with
a subsequent increase in PGE,. This, in turn, stimulates aromatase, which is
involved in the biosynthesis of oestrogen (1) and present at increased levels in
adenomyosis and endometriosis (86), Figure 6.

A Endometrium in disease-free women

Precursor i » Low PGE,
Precursor ----------- X SRS — X —>» Low PGE, locally
7
Estradiol HeD1782 » Estrone
B Endometrium in women with endometriosis
Precursor SOL2 » Moderate PGE,
Aromatase Moderate
Precursor Estrogen —p- PGE,, and low
HSD17B2 estradiol, locally
Estradiol Estrone
C Ectopic endometriotic tissue
COX-2 ;
Precursor » High PGE,
High PGE,
Precursor Shaiane P High estrogen == and estradiol
locally
Estradiol SSsheer el X e - X

Figure 6. Normal endometrium and endometriosis.

COX-2=cyclooxygenase-2; PGE2 =Prostaglandin E2 ; HSD17B2= 173-hydroxysteroid dehydrogenase 2.
Reproduced with permission from Bulun SE. N Engl J Med 2009;360:268-279, Copyright Massachusetts Medical
Society.
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Progesterone induces the differentiation of endometrial epithelial and stromal cells
during the menstrual cycle, and thus inhibits the oestrogen-dependent proliferation
of epithelial cells. In ectopic endometrium however, levels of progesterone-
receptors are downregulated. This causes progesterone resistance, impaired
decidualization and high levels of oestradiol, which possibly increases oestradiol-
driven inflammation in a positive feedback cycle (87, 88).

Distorted Pelvic Anatomy

In advanced endometriosis, inflammation may result in anatomical distortion of the
pelvic organs due to adhesions and fibrosis. This may affect ovaries and fallopian
tubes and inhibit ovulation and/or ovum capture through the fimbriae. Transport of
the fertilized oocyte through the fallopian tubes may also be impaired (59).

Adenomyosis may cause anatomical distortion of the uterine cavity, with
subsequent obstruction of the tubal ostia that may perturb sperm transport and
embryo migration (82). Moreover, alterations of normal myometrium, with
hyperplastic tissue and destruction of the JZ, may cause dysfunctional uterine
peristalsis and an increased intrauterine pressure. This may affect sperm transport
(89) as well as embryo migration and implantation, and lead to a defective spiral
artery remodelling at decidualization (90).

Endometrial receptivity

A functionally altered endometrium in endometriosis and adenomyosis may
compromise embryo implantation. An impaired implantation in women may be
caused by a reduced expression of Homeobox A10 (HOXA10) genes (91, 92),
adhesions molecules and implantation markers necessary for the interaction
between endometrium and embryo (92) (82). However, this issue remains
controversial, as similar expression of genes that predict receptivity was found in
samples of eutopic endometrium from infertile women with or without
endometriosis (83).

Impaired Ovarian Reserve

Increased oxidative stress, inflammation, and compromised follicular development
and ovulation due to a dysfunctional hypothalamo—pituitary—ovarian axis, have
been associated with a quantitative as well as qualitative reduction of the ovarian
reserve in endometriosis (93). Evidence suggests that women with endometriomas
have lower s-AMH levels and a faster decline of their ovarian reserve compared to
healthy women (94, 95, 96). A limited pool of available oocytes may affect the
chances of successful fertilization and conception.

Moreover, embryo quality reflects the oocyte quality (97). Some studies have found
that embryos from women with endometriosis develop more slowly than from
women without the disease (98). Others have found reduced implantation rates and
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embryo quality when using donor oocytes from women with endometriosis and
conversely, when women with endometriosis received oocytes from healthy
women, implantation rates were normal (99). This implies that there may be
alterations of the oocytes in women with endometriosis.

Other factors

An aberrant immune response may impair embryo implantation and increase the
risk of pregnancy complications (100). Increased angiogenesis in endometriosis and
adenomyosis may also be associated with subfertility (101). Many women
experience pain and dyspareunia, which may raise concern on the chances of
conceiving (102).

Diagnostics of endometriosis and adenomyosis

Typical symptoms associated with endometriosis and adenomyosis are chronic
pelvic pain, dysmenorrhea, dyschezia, deep dyspareunia, dysuria, and subfertility.
Women with adenomyosis often experience abnormal uterine bleeding. However,
these symptoms are common in several gynaecological conditions and not specific
for endometriosis or adenomyosis. Moreover, many women are asymptomatic.
Although symptoms associated with endometriosis and adenomyosis may have a
profoundly negative impact on affected women'’s quality of life (103), it takes an
average 5 - 10 years from the first symptom until a diagnosis is made (42). Effective
treatment and adequate advice regarding reproductive health depend on an early
diagnosis. Therefore, a shortened time to diagnosis is essential.

Surgery and histopathology

The gold standard for diagnosing endometriosis and adenomyosis is histopathology
following surgery; endometriosis after laparoscopy and adenomyosis after
hysterectomy. However, invasive methods have several limitations. Women that
undergo surgery are a selected population, and hysterectomy is not an alternative
for women with adenomyosis wishing to preserve their fertility. Moreover, no
uniformly accepted histologic diagnostic criteria exist (104, 105). To some extent,
the detection of endometriosis at surgery depends on the surgeon’s skill and is
subject to interobserver variability (106, 107, 108). Interestingly, it is believed that
almost all women would have subtle endometriotic lesions (109), that may have
disappeared on subsequent laparoscopy (110). Further, different classification
systems for endometriosis focus on different aspects of the disease (111). The most
commonly used system to correlate surgical findings of endometriosis with
infertility is the revised American Society for Reproductive Medicine (rASRM)
(59). However, the rASRM does not consider DE in retroperitoneal structures. Other
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staging systems are the Endometriosis Fertility Index, which aims to predict
spontaneous PR in women with surgically documented endometriosis (112). The
#ENZIAN can be applied to classify endometriosis at TVUS, MRI as well as surgery
(113). The need for surgery in most classification system constitutes a limitation, as
most women are managed conservatively.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) is an accurate method for diagnosing
endometriosis and adenomyosis. The reported sensitivity for detecting adenomyosis
is 88-93% and specificity 67-91% (114). In a meta-analysis, the pooled sensitivity
and specificity for detecting DE were 66-85%, and 93-97% respectively (115). For
diagnosing endometrioma, the specificity has been reported to be as high as 98%,
as blood is easily detected on MRI (116). Diagnostic criteria for adenomyosis
include a thickened and irregular JZ (12), as well as direct and indirect signs of
endometrial glands present within the myometrial wall (117). Limitations with MRI
are the cost, low availability, and an inability to interact with the patient during
examination, why tenderness and sliding of the organs cannot be evaluated.

Ultrasound

Diagnosis of Endometriosis

With improved technology and resolution over the last decade, ultrasound has
become the primary diagnostic tool for the detection of endometrioma and DE.
Compared to MRI and laparoscopy, TVUS is cheap, accessible, dynamic, non-
invasive and without side-effects. The diagnostic accuracy for DE on TVUS
compared to MRI was evaluated in a systematic review and meta-analysis (115).
The overall diagnostic performance was equal for both techniques. The pooled
sensitivity for TVUS ranged from 59-85%, and the specificity from 86-96%,
depending on which structures that were evaluated. The highest sensitivity was for
DE in the rectosigmoid, and the highest specificity for DE in the rectovaginal
septum (RVS). Other systematic reviews that have evaluated the diagnostic
performance of TVUS regarding DE and endometrioma have found similar
sensitivities and specificities, with highest performance for endometrioma and DE
in the bowel (118, 119).

Superficial peritoneal endometriotic lesions are undetectable at TVUS. Instead, so
called” soft markers”, namely site-specific tenderness or reduced organ sliding
during TVUS, can be used as a proxy for peritoneal endometriosis or adhesions
(120). The diagnostic accuracy for predicting obliteration of the pouch of Douglas
(POD) using the” sliding sign” technique has been shown to be high for
gynaecologic ultrasound specialists, with sensitivities and specificities ranging from
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92,9-100% and 90,9-100% respectively (121). Recently, a new technique called
sonoPODography, that enables detection of superficial endometriosis in the POD,
has also been described (122).

At TVUS, a typical endometrioma appears as a unilocular cyst (up to four locules)
with ground glass echogenicity and without any papillary projections (123), (Figure
7a). Deep endometriosis appears as hypoechoic or heterogenous nodules with
smooth or irregular contours, Figure 7b (124).

Figure 7. Ultrasound images.

A) Endometrioma, b) hypoechoic nodule with irregular contours in the bowel wall, c) three-dimensional
image of the uterus in the coronal plane, visualizing small changes in the junctional zone, as indicated
by the arrow.

International Deep Endometriosis Analysis (IDEA) group consensus

To facilitate comparison between studies, the International Deep Endometriosis
Analysis (IDEA) group has described a systematic approach to examining the pelvis
in women with suspected endometriosis. Terms and measurements to describe the
appearance, location, and extent of endometriosis at TVUS have been defined (124),
(Figure 8). The IDEA method has shown good agreement with surgery (125, 126).
Implementation of the systematic IDEA approach will facilitate comparison
between studies regarding prevalence of endometriosis and the correlation between
ultrasonographic appearance with symptoms such as subfertility. In this thesis, we
have used the IDEA terms and definitions to describe endometriosis lesions.
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Figure 8. Schematic drawings of anterior and posterior compartmental locations of deep infiltrating
endometriosis, as proposed by the International Deep Endometriosis Analysis (IDEA) group.

With permission from Guerriero et al (2016), Systematic approach to sonographic evaluation of the pelvis in women
with suspected endometriosis, including terms, definitions and measurements: a consensus opinion from the
International Deep Endometriosis Analysis (IDEA) group. Ultrasound Obstet Gynecol, 48: 318-332.
https://doi.org/10.1002/uog.15955.
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Diagnosis of adenomyosis

TVUS has emerged as the first-line non-invasive tool for diagnosing adenomyosis
(127). Different features of adenomyosis at TVUS reflect histological findings well
(128). Recent meta-analyses have found high diagnostic accuracy of TVUS for
adenomyosis, comparable with MRI. Sensitivity and specificity were 81% (95% CI
77-84) and 87% (95% CI 81-91) respectively, with an area under the receiver-
operating-characteristics (ROC) curve of 0.88 (95% CI 0.85-0.91) (129).

The development of 3D ultrasound has enabled assessment of small changes of the
JZ in the fundus and lateral parts of the uterus, which is not possible to delineate
with 2D ultrasound, Figure 7¢ (10). Therefore, the use of 3D TVUS is believed to
be important in the diagnostics of adenomyosis (130).

On 3D TVUS, an irregular and thickened JZ represents hyperplasia of smooth
muscle cells, whereas an interrupted JZ reflects invading endometrial glands.
However, changes seen in the JZ on 3D TVUS can be physiological and must not
always be correlated with adenomyosis (12). Whether minor changes in the JZ only
visible on 3D TVUS are of importance for fertility and ART outcomes is not known.

Morphological Uterus Sonographic Assessment (MUSA) group consensus

Clearly defined ultrasonographic features of adenomyosis are prerequisites for a
correct diagnosis and management of women with the disease. So far, different
definitions and diagnostic criteria for adenomyosis have been used in different
studies. A uniform terminology is essential to compare studies that evaluate the
correlation between adenomyosis, subfertility and reproductive treatment outcomes.

The international Morphological Uterus Sonographic Assessment (MUSA) group
has suggested a uniform classification system to describe adenomyosis at TVUS
(128, 131). In a revised version, the MUSA group suggest distinguishing between
direct and indirect ultrasonographic features of adenomyosis (8). Direct features
represent ectopic myometrium and are pathognomonic of adenomyosis, whereas
indirect features are secondary to ectopic endometrium and merely suggestive of the
disease (Figure 9). Many studies that evaluate the correlation between adenomyosis
and subfertility use JZ thickness >7 mm or >12 mm as a sign of adenomyosis.
However, the MUSA group has omitted JZ thickness as a sonographic criterion for
adenomyosis, due to lack of scientific evidence of its clinical usefulness and due to
difficulties in establishing a clinically relevant cutoff level for JZ thickness (8).
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Figure 9. Schematic representation of direct and indirect features of adenomyosis
Direct and indirect features of adenomyosis as seen on two-dimensional and corresponding three-
dimensional images.

Adapted with permission from Harmsen MJ, Van den Bosch T er al. Consensus on revised definitions of Morphological
Uterus Sonographic Assessment (MUSA) features of adenomyosis: results of modified Delphi procedure. Ultrasound
Obstet Gynecol. 2022. doi: 10.1002/uog.24786.
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When the diagnostic performance of each individual MUSA criterion was assessed
in a recent meta-analysis, the best individual criterion was lines and buds with an
area under the ROC curve of 0.83 (129). Results from another meta-analysis
concluded that the pooled area under the ROC curve for diagnosing adenomyosis
based on finding an irregular JZ on 3D TVS was 0.81 (11). However, the clinical
relevance and diagnostic importance of each feature regarding subfertility and the
outcome after ART needs to be validated in large prospective studies (8). There is a
knowledge gap regarding whether an assessment of the JZ could aid in patient
management when there is uncertainty about a diagnosis of adenomyosis (8).
Moreover, the additional value of the use of coronal planes at 3D TVUS for the
assessment of location, extent, and size of adenomyotic lesions needs to be
investigated further (128). In this thesis, we have used the MUSA definitions to
evaluate the prevalence and ultrasonographic characteristics of different features of
adenomyosis in subfertile women at 2D and 3D TVUS.

Assisted reproductive treatment

In Sweden, assisted reproductive treatment (ART) is provided within the tax-funded
health care system for women that fulfil specific criteria.

In ART, the ovaries are stimulated with supraphysiologic doses of gonadotropins,
(FSH), to achieve growth of multiple ovarian follicles and subsequently several
oocytes. After being collected through the vagina, the oocytes are fertilized in the
laboratory. Fertilized embryos are thereafter cultured for 2-5 days, whereafter an
embryo of good quality is transferred to the womb. In case of surplus embryos of
good quality, these can be frozen and thawed for transfer on a later occasion.

ART include In vitro Fertilization (IVF) treatment, which means that spermatozoa
and oocytes are mixed whereafter one sperm fertilizes the oocyte after natural
selection. In Intracytoplasmic Sperm Injection (ICSI), one sperm is instead injected
into the oocyte. For women with endometriosis, usually IVF/ICSI is recommended
as the first line treatment. In case of subfertility of unknown cause, intrauterine
inseminations (IUI) can sometimes be offered instead.

There are different treatment protocols commonly used to prevent premature
ovulation during FSH-stimulation. The antagonist (short) protocol, that blocks the
pituitary with gonadotropin releasing hormone (GnRH) antagonists, is usually
chosen for the first treatment for most women. In the agonist (long) protocol, the
pituitary is downregulated with GnRH agonists starting on day 21 of the menstrual
cycle preceding the stimulation cycle. It has been suggested that the use of an
ultralong GnRH agonist protocol for 3-6 months prior to ART start, would increase
live birth rates (LBR) in women with endometriosis or adenomyosis (132). The
theory is that these suppress inflammatory parameters and improve endometrial
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receptivity in women with endometriosis or adenomyosis. However, others have
disputed the value of this strategy, why it is presently not routinely recommended
(133).

Women with endometriomas or DE are not routinely offered surgery prior to ART,
due to concerns of damaging the ovarian reserve (133). However, surgery may be
offered to those with large or rapidly growing endometriomas, which may hamper
the access to follicles at ovum pick-up (OPU).

As women with endometriosis may have an increased risk of intraabdominal
infections after OPU, they are routinely offered antibiotic prophylaxis in
conjunction with OPU.

Artificial intelligence

Machine learning, XGBoost

Machine learning (ML) is a subfield of artificial intelligence (AI), that focuses on
designing algorithms and models that enable computers to automatically learn from
patterns and relationships in data, and make predictions based on those without
being explicitly programmed for each task (134). Models can be based on various
mathematical and statistical approaches, such as linear regression and decision trees.
Some models may be inspired by biological systems. The ML algorithms can be
categorized into two main learning paradigms; I) Supervised learning involves
training models to make predictions using labelled data, whereas II) unsupervised
learning involves finding unexpected patterns and structures in unlabelled data.
Prediction models based on supervised ML have been suggested to have superior
predictive performance compared to conventional statistical methods (134, 135).
Different ML models have been tested in reproductive medicine and endometriosis
care to make clinically useful predictions (136, 137).

The eXtreme Gradient Boosting (XGBoost) is a powerful and widely used ML
algorithm, known for its efficiency and effectiveness in predictive modelling tasks
(138). It belongs to the family of gradient boosting algorithms that use decision
trees to build a solution (Figure 10). The XGBoost can analyse large datasets with
numerous predictors and handle non-linear relationships between variables, such as
clinical variables or MUSA features and their association with ART outcomes. This
way, important features that contribute to the predictive performance of the model
can be identified. XGBoost is particularly popular in structured data analysis, such
as regression and classification problems.
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The SHAP (SHapley Additive exPlanations) is a method used for explaining
individual predictions made by machine learning models (139). It provides a way
to understand the contribution of each feature to the final prediction. The core idea
behind SHAP is to assign each feature's contribution to the prediction based on its
importance and interaction with other features, analogous to the Shapley value
concept from cooperative game theory. Overall, SHAP provides a powerful
framework for interpreting and understanding the behaviour of complex machine
learning models, enhancing their transparency and trustworthiness.
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Rationale

When the present research was developed, the knowledge regarding the value of s-
AMH as predictor of live birth rate (LBR) was limited. Evidence regarding a strong
correlation between s-AMH and cumulative LBR (CLBR) was conflicting. Most
studies evaluated LBR after fresh embryo transfer (ET). However, s-AMH
correlates with oocyte yield after controlled ovarian stimulation (COS) (140, 141).
With improvements in vitrification techniques over the last years, an increasing
number of embryos are frozen and transferred on a later occasion (142). Therefore,
studies on the correlation between s-AMH and LBR should analyse CLBR after
fresh as well as frozen ET (142).

Further, there were no studies that described the prevalence of endometriosis and
adenomyosis in subfertile women using ultrasonography with the IDEA or MUSA
terminology respectively (122). No study had assessed the CLBR after the first
IVF/ICSI treatment in women with or without endometriosis diagnosed by
ultrasonography, using the IDEA definitions (122). Likewise, no study had assessed
the CLBR after the first IVF/ICSI treatment in women with or without adenomyosis
diagnosed by ultrasonography using the revised MUSA definitions. The only study
that investigated the IVF/ICSI outcomes in women with different features of
adenomyosis diagnosed with ultrasonography did not use the revised MUSA
definitions (67). No study had examined any differences in ovarian reserve
parameters in these women. The predictive value of the revised MUSA features in
relation to LB was not known. It had also yet to be established whether 3D
ultrasound performed any better than conventional 2D ultrasound at finding early
signs of adenomyosis that may be clinically relevant in reproductive medicine.
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A1ims

The overall aim of this thesis is to improve our knowledge of the disease panorama
of endometriosis and adenomyosis, and to increase our understanding on how the
diseases affect the ovarian reserve and fertility treatment outcomes.

Specific aims:

L To evaluate the association between s-AMH levels and CLBR in
patients undergoing their first IVF/ICSI treatment, and to compare s-
AMH levels with AFC and Ovarian Sensitivity Index (OSI) as
predictors of live birth.

1L To determine the prevalence of endometriosis at TVUS in subfertile
women planned for their first ART, using the IDEA terminology.

111 To determine the prevalence of direct and indirect ultrasonographic
features of adenomyosis at 2D and 3D TVUS in subfertile women
planned for their first ART, using the revised MUSA definitions.

Iv. To examine if endometriosis, diagnosed at TVUS using the IDEA
definitions, impacts CLBR or ovarian reserve parameters in women
undergoing their first IVF/ICSI treatment.

V. To examine if adenomyosis, diagnosed at TVUS using the MUSA
definitions, impacts CLBR in women undergoing their first [IVF/ICSI
treatment.

VL To establish whether clinical variables or ultrasound features of
endometriosis and/or adenomyosis can be used to predict live birth after
IVF/ICSI treatment, when using a ML algorithm.
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Material and methods

Study design

An overview of the study design is presented in Table 1.

Table 1. Design of the different studies included in this thesis

Paper Design Subjects Exposure = Outcome measure

1 Prospective 454 subfertile IVF/ICSI CLBR in relation to s-AMH. Predictive
cohort study women value of s-AMH, AFC and OSI on LB.

Il Prospective 1191 women TVUS, Prevalence of DE and/or
Cross- scheduled for ART IDEA endometrioma using the IDEA
sectional study definitions.

n Prospective 1160 women TVUS, Prevalence of direct and indirect
cross- scheduled for ART MUSA features of adenomyosis using the
sectional study revised MUSA definitions.

1\ Prospective 1040 subfertile IVF/ICSI CLBR in women with or without
cohort study women endometriosis on TVUS.

\) Prospective 1037 subfertile IVF/ICSI CLBR in women with or without direct
cohort study women or indirect features of adenomyosis on

TVUS.

Predictive value of clinical variables
and MUSA features in relation to live
birth, using a ML model.

IVF= In vitro fertilization; ICSI= intracytoplasmic sperm injection; s-AMH= serum-antimillerian
hormone; AFC= antral follicle count; OSI= ovarian sensitivity index; LB= live birth, DE= deep
endometriosis; ART= assisted reproductive treatment; IDEA= International Deep Endometriosis
Analysis; MUSA= Morphological Uterus Sonographic Assessment; TVUS= transvaginal
ultrasonography, CLBR= cumulative live birth rate; ML= Machine learning

This thesis consists of five papers based on prospective, observational studies that
were all carried out at the Reproductive Medicine Centre (RMC), at Skane
university hospital, Malmo, Sweden.

We included two separate cohorts of women:

Cohort A, used in paper I, consists of women undergoing their first In vitro
fertilization (IVF) or Intracytoplasmic sperm injection (ICSI) treatment between
September 2010 and June 2015. In total 499 women were enrolled, and finally 454
women were included. In paper I, we evaluated the CLBR in relation to the s-AMH
level and compared the s-AMH level with the AFC and OSI as predictors of LB.
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Cohort B was used in papers 1I-V. This cohort consists of consecutively included
women that were referred to RMC for their first ART between December 2018 —
May 2022. Out of 1224 eligible women, in total 1191 women met the inclusion
criteria and were enrolled (Figure 11). All women underwent a systematic TVUS
examination prior to starting their first IVF/ICSI treatment, which took place
between January 2019 and October 2022. Using the IDEA and MUSA definitions
respectively, the prevalence of DE and/or endometrioma (described as
endometriosis throughout the thesis) and direct or indirect features of adenomyosis
were determined. We evaluated the CLBR, s-AMH and AFC in women with
ultrasonographic features of endometriosis or adenomyosis, compared to women
without any of those features. In addition, we used a ML algorithm to develop a
model for the prediction of LB after IVF/ICSI treatment.

Study subjects

Eligibility criteria
Eligible for publicly subsidized ART were all non-smoking women aged >25 - <39
years, with more than one year’s subfertility and without any children with the

present partner. A BMI < 30 kg/m? or a more than 10% weight loss in case of a
BMI > 30 - < 35 kg/m?%, was also required.

Exlusion criteria
Exclusion criteria for the different papers are presented in Table 2.

Women that had previously undergone surgical removal of superficial
endometriosis, with no remaining visible lesions were excluded from cohort B. The
reason for this is that even if visible endometriosis lesions are eradicated surgically,
the disease per se may remain. Therefore, it would have been wrong to classify these
women as “not having endometriosis”.

Current hormonal treatment may alter the ultrasonographic appearance of the
myometrium. Therefore, women using hormonal treatment were excluded from all
papers that examined features of adenomyosis.
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Table 2. Exclusion criteria for the different papers.
Exclusion criteria Paper | Paper Il Paper Il Paper IV Paper V

Irregular menstrual cycle o
< 20 days or >35 days

Only one ovary

*

Previous endometriosis N . . .
surgery
Unretrievable ultrasound * * * *
images
Hormonal treatment * * *
Ul instead of IVF/ICSI * *

IUl= Intrauterine insemination, IVF= In vitro fertilization, ICSI= Intracytoplasmic sperm injection. The
asterisk * indicates the papers in which the different variables were excluded.

Questionnaire

Previous births, miscarriages, termination of pregnancies, extrauterine pregnancies
and previous surgeries were documented for all women. Women in cohort B filled
in a questionnaire regarding current or previous hormonal treatment and the
presence of symptoms such as dysmenorrhea, pelvic pain, dyspareunia, dysuria or
dyschezia (Appendix 1). The intensity of symptoms was reported subjectively,
using a 100-mm visual analogue scale (VAS), with the left extreme indicating no
pain, and the right extreme the worst possible imaginable pain.

A flowchart demonstrating the inclusion of women in cohort B is presented in
Figure 11.
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Figure 11. Flowchart demonstrating the inclusion of women in cohort B.

ART= Assisted reproductive treatment; IVF= In vitro fertilization treatment; ICSI= Intracytoplasmic
sperm injection. Women included in paper IV and V come from the same cohort and are overlapping.
The left side of the flowchart describes studies on endometriosis, whereas the right side describes
studies on adenomyosis.

Antimiillerian hormone - AMH

For cohort A, s-AMH was analyzed solely for study purposes and the results were
not known during treatment. A blood sample was taken before treatment, whereafter
serum was isolated and stored at -80° before analyzed in batches. For cohort B,
analysis of s~ AMH had been introduced as clinical routine. Therefore, s-AMH was
analyzed for all women regardless of study participation and the results were known
during treatment. Analyses of s-AMH for all studies were performed at the
Department of Clinical Chemistry, Ské&ne wuniversity hospital, using the
ElectroChemiLuminiscence Immunoassay (ECLI) provided by Roche Elecsys
AMH. The coefficients of variation were 2% at 6.86 pmol/l and the lowest
detectable level was 0.07 pmol/l.
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Ovarian sensitivity index - OSI

The ovarian sensitivity index (OSI) is calculated as a measure of the ovarian
responsiveness, to be used when different stimulation regimens have been used for
different women (143, 144). It is defined as the number of retrieved oocytes times
1000, divided by the total dose of FSH given during ovarian stimulation.

Ultrasound examination

All women in cohort A were examined by one of six investigators, using a BK
Medical scanner 8806 with a 4-9 MHz transvaginal transducer, and the AFC was
documented.

2D and 3D transvaginal ultrasound examination

All women in cohort B underwent a pelvic examination and a systematic TVUS
examination in the lithotomy position by the author. For all ultrasound
examinations, we used a Voluson 10 Expert (GE Medical systems, Zipf, Austria)
high resolution ultrasound machine, with a 5-9 MHz transvaginal transducer (RIC5-
9D). For subsequent retrieval and offline analysis, all images, video clips and 3D
volumes were stored on the information and imaging management systems Syngo®
Dynamics (Siemens Medical Solutions Health Services, Malvern, PA, USA) and
ViewPoint with the integrated software 4D view (GE Healthcare, Miinchen,
Germany).

The systematic TVUS examination included a dynamic 2D and 3D assessment of
the uterus, endometrium, and adnexa in three orthogonal planes.

The AFC, defined as the sum of all follicles 2-10 mm in the volumes of both ovaries,
was assessed.

The myometrial walls were measured in the midsagittal plane at the thickest point
from the external uterine serosa to the basal line of the endometrial-myometrial
interface. Asymmetrical myometrial thickening was defined as a more than five mm
difference in the thickness of the anterior and posterior myometrial walls, or a ratio
between the thickness of the walls well above one.

The 3D volumes of the uterus were acquired using a sweep angle of 120° as
described by others (130). The multiplanar view allows visualization of the rendered
coronal plane of the uterus. The myometrium and JZ were assessed by tilting and
scrolling through the rendered 3D volume of the uterus. To distinguish between a
vascular component and a myometrial cyst, and to evaluate the presence of intra- or
translesional vascularity, we used Power Doppler (fixed preinstalled settings:
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frequency, 5-9 MHz (‘normal’); pulse repetition frequency, 0.3 — 0.6 kHz; gain,
—4.0; wall motion filter, ‘low 1’ (40 Hz)).

The whole pelvis was examined with particular attention for endometriotic lesions
and/or features of adenomyosis. All lesions were measured in three orthogonal
planes and described using the IDEA terminology (124), or the revised MUSA terms
and definitions (8, 128, 131) respectively.

Endometriosis

Endometriosis was diagnosed if DE or endometriomas were detected at TVUS.
Endometriomas were unilocular cysts with ground glass echogenicity (123),
whereas DE was defined as heterogenous or hypoechoic nodules with irregular or
smooth contours (124), (Figure 12). The anterior and posterior compartments of the
pelvis were evaluated. The anterior compartment consists of the urinary bladder, the
uterovesical region and the distal ureters. Structures located in the posterior
compartment are the uterosacral ligaments (USL), the vagina (vaginal wall and
fornices), rectovaginal septum (RVS) and bowel (lower and upper anterior rectum,
the rectosigmoid junction and sigmoid), (Figure 12). “Diabolo”-like nodules were
hourglass-shaped DE nodules in the posterior vaginal wall that extended into the
anterior rectal wall, (Figure 13).

The pelvis was evaluated for adhesions using the real-time sliding sign technique
(121) to assess the mobility of the uterus. A negative sliding sign indicated
adhesions in the pelvis and obliteration of the POD (Figure 13), whereas a positive
sliding sign indicated the absence of extensive adhesions. When adhesions were
visible between the bowel and an ovary or between an ovary and the uterus, but the
uterus was gliding freely against the bowel, this was reported as “moderate
adhesions” (145). Ovaries lying in close proximity in the pelvis due to adhesions,
“kissing ovaries”, were documented, as this finding is associated with endometriosis
(146), (Figure 14). Images that describe the ultrasonographic findings are presented
in Figures 12- 14.

47



Figure 12. Ultrasonographic findings of endometriosis in different locations
Endometriosis lesions in the particular anatomic location are indicated by the arrow. a) Endometrioma,
b) urinary bladder, c) vaginal wall, d) uterosacral ligament, e) rectovaginal septum, f) bowel wall
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Figure 13. Endometriosis in different locations,

The specific endometriosis lesion is indicated by the arrow. a) Obliteration of the Pouch of Douglas,
due to endometriosis in the bowel wall and in the uterosacral ligament, with the bowel adherent to the
posterior uterine wall. Ear sign. b) “Diabolo-like” nodule, with a nodule in the vaginal wall extending into
the anterior rectal wall.

R
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Figure 14. Kissing ovaries.

The uterus and ovaries in a transverse section on transvaginal ultrasonography. Rt ov= right ovary; left
ov= left ovary. The ovaries are marked by asterisks.The arrow marks the point were the ovaries are
adherent to each other and to the uterine posterior wall in the pouch of Douglas.
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Adenomyosis

Ultrasonographic features of adenomyosis, were described using the original and
revised MUSA definitions (8, 128, 131). All features were classified as either direct
or indirect (Table 3). Direct features are pathognomonic for adenomyosis whereas
indirect features are only indicative of the disease.

Table 3. Direct and indirect features of adenomyosis
Globular uterus Myometrial cysts
Fan-shaped shadowing Hyperechogenic islands
Asymmetrical myometrial thickening Subendometrial lines and buds
Irregular junctional zone
Interrupted junctional zone

Translesional vascularity

Direct and indirect features of adenomyosis as suggested by the Morphological Uterus Sonographic
Assessment (MUSA) group.

As myometrial cysts or lines and buds in the JZ constitute an irregularity, these were
reported as indirect as well as direct features if present. Irregularities of the JZ were
evaluated subjectively, as a general impression including focal thickness. If no
portion of the JZ was visible, due to poor image quality or due to myomas, the JZ
was describes as unassessable. Examples of the direct features of adenomyosis are
shown in Figure 15, indirect features on 2D images in Figure 16, and indirect
features on 3D images in Figure 17.
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Figure 15. Direct features of adenomyosis.

Direct features of adenomyosis on two-dimensional images in the left row and on corresponding three-
dimensional images of the coronal plane of the uterus in the right row. Some images may have several
features. The arrow marks the feature. a and b) hyperechogenic islands; ¢ and d) myometrial cysts; e
and f) subendometrial lines and buds. Modified, with permission from Alson et al (147).

51



Figure 16. Indirect features of adenomyosis

Indirect features of adenomyosis on two-dimensional ultrasound images. The arrow indicates the
particular feature. Some images may have several features. JZ= junctional zone. a) Globular uterus, b)

fan-shaped shadowing, c) asymmetry, d) interrupted JZ, e) irregular JZ, f) translesional vascularity.
Modified, with permission from Alson et al. (147).
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Figure 17. Indirect features of adenomyosis

Indirect features of adenomyosis on three-dimensional ultrasound images in the coronal plane of the
uterus. The arrow indicates the particular feature. Some images may have several features. JZ=
junctional zone. A) Irregular JZ due to lines and buds; b) irregular and interrupted JZ; c) interrupted JZ;
d) interrupted JZ with infiltration and focal thickness.

The ultrasonographic characteristics and location of the different features of
adenomyosis were reported, as described in Table 4.
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Table 4. The ultrasonographic characteristics and location of the different features of adenomyosis that
were evaluated at transvaginal ultrasonography.

Type Uterine layer involvement Extent of disease

Anterior Focal® Inner myometrium (JZ) Mild (<25%)
Posterior Diffuse® Middle myometrium Moderate (25-50%)
Fundus Mixed-type® Outer myometrium Severe (>50%)
Lateral right Cystic

Lateral left Non-cystic

Global

JZ=Junctional zone,

@ Normal myometrium surrounded >25% of the circumference of the lesion; ® normal myometrium
surrounded <25% of the lesion or it was difficult to differentiate focal from diffuse adenomyosis, ° both
focal and diffuse adenomyosis were present in different locations.

IVF/ICSI treatments

All women underwent ovarian stimulation according to either an agonist or
antagonist protocol. We followed the European Society for Human Reproduction
and Endocrinology (ESHRE) recommendations, that were updated during the study
periods (148). Individual patient characteristics and preferences were taken into
consideration when treatments were planned.

Protocols

When the first study was conducted (cohort A), the agonist protocol was more
commonly used. However, when studies II-V were conducted (cohort B), the
antagonist protocol had become standard procedure for the first [IVF/ICSI treatment
for most women. Generally, we used the antagonist protocol for women assessed to
be high responders. The agonist protocol could be chosen for women assessed to be
low responders or those downregulated with GnRH analogues (Synarela, Pfizer AB,
Stockholm, Sweden). The agonist protocol was also offered to women with large
endometriomas or severe pain suggestive of endometriosis-related inflammation.

Ovarian stimulation

For ovarian stimulation, we used individually set doses of FSH, either GONAL-T,
(Merck-Serono, Darmstadt, Germany), Menopur, (Ferring, GmbH, Kiel, Germany)
or Bemfola, (Gedeon Richter, Stockholm, Sweden) in both protocols. In cohort A,
some women used Follitropin beta, (Puregon, Organon, Ireland Ltd), Urofollitropin,
(Fostimon, Institut Biochimique SA (IBSA), Lugano, Switzerland) or
Korifollitropin alfa, (Elonva, Merck Sharp & Dome, (MSD), New Jersey, USA). On
day five or six in the antagonist protocol, we started subcutaneous injections with
Fyremadel (SUN Pharmaceutical, Hoofddorp, Netherlands). We monitored follicle
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development with TVUS. Ovulation was induced with subcutaneous human
chorionic gonadotropin (Ovitrelle, Merck, KGsA, Darmstadt, Germany) when three
or more follicles reached 17 mm in diameter. If imminent ovarian hyperstimulation,
we used GnRH agonist (Suprefact, Ceplapharm Arzneimittel GmbH, Greifswald,
Germany) for ovulation induction instead and total embryo freezing was preferred.
In case of fewer than three mature follicles, treatments were either cancelled or
converted to IUI. After 35-36 hours, transvaginal follicle aspiration was carried out.

IVF/ICSI treatment

Aspirated oocytes were assessed for maturity and either injected (ICSI) or
inseminated (IVF) with sperm depending on the quality of the semen on the OPU
day. The fertilization rate was assessed (the number of normally fertilized oocytes
divided by the total number of mature oocytes retrieved). Embryos were assessed
using the Gardner blastocyst grading scale (149). Embryos of good quality (GQE)
were transferred either in cleavage stage (two or three days) or blastocyst stage (five
days) after OPU. Single embryo transfer is clinical routine (150). Progesterone
vagitories were given for two weeks after OPU as luteal phase support, (Crinone,
(Merck AB, Solna, Sweden), for cohort A and Lutinus, (Ferring GmbH, Kiel,
Germany) for cohort B. Any surplus embryos of good quality were cryopreserved
5-6 days after OPU. If there were any contraindications to fresh ET, we
cryopreserved all GQEs. Depending on the woman’s ovulatory status, frozen-
thawed embryo-transfers (FET) were carried out in either natural or hormone
replacement cycles.

We used all fresh and frozen embryos from the same index treatment cycle until live
birth (defined as the birth of a living child in gestational week >22) was achieved
within two years after inclusion to the studies or no embryos remained. Therefore,
some women did not use all their embryos whereas others underwent several ETs.
IVF/ICSI outcomes were retrieved from medical journals. Miscarriages or
extrauterine pregnancies were documented.

Developing an Al model

We used XGBoost to perform the modelling (138). First, the data set was divided
into train- and test-set. We assigned 80% of the data for training and 20% as the test
set. The train and test split were performed in a stratified fashion, which ensures that
both datasets had the same distribution of the outcome variable. The training was
performed using stratified 5-fold cross-validation, i.e., the training data was divided
into 5 folds, where 4 folds were used to train a model, and the fifth was used as
validation. This was then repeated 5 times, until every fold had been used once as
the validation set (Figure 18).
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Figure 18. eXtreme Gradient Boosting modelling.

The hyperparameters of the XGBoost model, which are the parameters that specifies
details of the learning process, were optimized using the open-source python library
Optuna (151). This allows for automatic hyperparameter optimization. Optuna was
set to optimize the average of the AUC from the validation sets. The XGBoost
parameter “n_estimators” was set to a constant value of 500. To limit overfitting, the
models were trained using early stopping when the validation score stops improving,.

To predict the test set, an ensemble prediction approach was employed. This
involves aggregating the predictions from five models created during cross-
validation. The models that have the best performance during the cross-validation
process are specifically selected. The final prediction for each patient in the test set
was obtained by averaging the predictions generated by these selected models.
Optuna was set to use Tree-structed Parzen Estimator, to sample the hyper-
parameter space (152).

To reduce the dimensionality of the dataset, we needed to address unnecessary
variables. Therefore, binary variables with less than 20 observations in one of the
categories were removed. The second step was to find a suitable model and calculate
the importance of the variables using SHAP-values (153). Variables that had a
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negligible contribution to the model were considered for removal. This was the
dataset used for the final model.

Statistical analyses

For statistical analyses, we used the statistical package IBM Corp. Released 2020.
IBM SPSS Statistics for Windows, Version 29.0. Armonk, NY, USA.

Power

The statistical power of a study is a measure of its ability to detect a true effect or
difference when it exists. In other words, it is the probability that the study will
correctly reject a false null hypothesis (i.e., the probability of avoiding a Type 11
error). Several factors may influence the statistical power, such as the significance
level (usually 0.05), the sample size of the examined population, the effect size, the
variability, which is precision with which the data is measured, and the study design.
Usually, the statistical power of a study is aimed at 80 or 90%, which means that
there is an 80-90% probability of detecting a significant difference in the population.

To reach adequate power, the sample size for cohort B was calculated for the
outcome CLBR in relation to features of adenomyosis. From a previous publication,
we estimated that women with adenomyosis diagnosed at TVUS have a PR 0f23.6%
following IVF-treatment compared with 44.6% in women without adenomyosis
(68). For an adequate power of 80% with a significance level of 0.05, we would
need in total 158 women with adenomyosis to detect an equivalent difference.
Assuming a prevalence of adenomyosis of 15% in our population (lower than the
estimated 20% prevalence in a general, older, population) (27) and a calculated
drop-out of 10%, we would need to recruit 1160 women.

Diagnostic tests

ROC-curves

To compare the predictive value of s-~AMH, OSI and AFC in relation to chance of
live birth, a receiver operator characteristic (ROC) — analysis was performed, and
the AUC was calculated. The ROC curve is a diagram that is used in binary
classification to evaluate the performance of a predictive model. The true positive
rate (sensitivity) is plotted against the false positive rate (1 - specificity) for different
threshold settings. The Area Under the ROC Curve is a measure of the overall
performance of the model. A perfect model would have an AUC of 1, which equals
100% sensitivity and 100% specificity, while a random model would have an AUC
of 0.5. The higher the AUC, the better the model's ability to distinguish between the
two classes. Values below 0.5 mean that chance is better at predicting the outcome.
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Association between exposure and outcome

Relative risk and odds ratio

In paper IV and V, we wanted to compare the outcome measure (CLBR) in different
exposure groups (women with or without endometriosis or adenomyosis
respectively). The association between exposure and outcome can be quantified
using measures such as risk ratios, also known as relative risk (RR), and odds ratios
(OR).

The risk is the probability of the outcome occurring, and the risk ratio provides a
measure of how much more (or less) likely the outcome is in the exposed group
compared to the unexposed group. The RR is calculated as the risk in the exposed
group divided by the risk in the unexposed group. The OR is calculated as the odds
of the outcome occurring in the exposed group divided by the odds of the outcome
in the unexposed group. These measures provide insights into the strength and
direction of the association between exposure and outcome. A RR or OR >1
indicates an increased risk or odds in the exposed group compared to the unexposed
group, while a value < 1 suggests a decreased risk or odds. A RR or OR= 1 suggests
that there is no association between the exposure and the outcome.

When the outcome is rare, the OR approximates the RR. If the outcome is common,
the OR tends to overestimate the RR. In those situations, the RR is a more accurate
measure of association.

Regression analyses

Logistic regression

Regression analyses are statistical methods used to examine the association between
one or more independent variables (predictors) and a dependent variable (outcome).
To predict the probability of a binary outcome, logistic regression is used. Logistic
regression can be performed with or without backwards selection. This method aims
to identify a subset of predictor variables that best explain the variation in the
outcome variable. Starting with a full model, predictors are iteratively removed one
at a time, starting with the one that has the highest p-value (least statistically
significant) in the model. The process continues until no further improvement in
model fit is observed, or until a predefined stopping criterion is met. In paper III, a
logistic regression analysis with backwards selection was used to examine the odds
for having any features of adenomyosis, before and after adjusting for potential
confounders. However, the stepwise procedures have been criticised, as they can be
influenced by random variation in the data. There is a risk of overfitting, selection
bias and loss of information.
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Modified Poisson regression analysis

A Poisson regression analysis can be used for comparing rates in different exposure
groups, where the outcome variable represents the number of independently
occurring events within a fixed time unit. However, for binary or count data, there
may be concerns about overdispersion. Overdispersion occurs when the variance of
the observed outcomes is greater that what would be expected under a Poisson
distribution. This issue can be addressed using a Poisson regression analysis with
robust error variance, also called a modified Poisson regression analysis. This
allows for more flexibility in handling overdispersion. The model allows to control
for potential confounders and can be used to analyse the RR. In paper [V and V, a
modified Poisson regression analysis was used to estimate the RR for cumulative
LB in women with endometriosis or adenomyosis respectively, as compared to
women without the diseases, before and after adjusting for potential confounders.

Hypothesis testing

P-value

Significance tests are used to evaluate the strength of the evidence against a null
hypothesis, which is an assumption that there is no significant difference, effect, or
relationship in the population from which a sample is drawn. The p-value
(probability value) is a measure to assess the evidence against the null hypothesis.
The p-value indicates the probability of observing a result at least as extreme as the
one observed, assuming that the null hypothesis is true. The significance level is
often set at 0.05, which means that there is a 5% probability that we accept the null
hypothesis. However, failing to reject the null hypothesis does not necessarily prove
that the null hypothesis is true. It could also mean that there is not enough evidence
in the sample data to support the alternative hypothesis.

A p-value between 0.005 and 0.05 have, by some, been suggested to be called
“suggestive evidence” in explorative studies, to reduce the number of false positive
findings in medical research. Others have proposed focusing less on fixed
significance thresholds and instead interpret p-values as "continuous indices of the
strength of evidence against the null hypothesis". Others have proposed focusing
more on confidence intervals, and less on p-values (154).

Confidence intervals

A confidence interval (CI) is used to estimate the range within which a population
parameter, such as a population mean or proportion, is likely to lie. It provides a
measure of the uncertainty associated with estimating population parameters based
on sample data.

The confidence level (often denoted as 1 - a, where a is the significance level)
represents the probability that the true population parameter falls within the
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confidence interval. Commonly used confidence levels are 90%, 95%, and 99%. In
this thesis, we used a confidence level of 95%. This means that we are 95%
confident that the true parameter of the population falls within the confidence
interval.

Student’s t-test

The student’s t-test is a parametric test used to compare the means of two
independent groups, assuming that the data is normally distributed or that the groups
are sufficiently large.

Mann-Whitney U-test

The Mann-Whitney U-test is the non-parametric equivalent of the student’s t-test,
used for data that is not normally distributed. The test is based on ranks and
determines if there is a significant difference between the distributions of two
independent groups. The Mann-Whitney U test is robust, which means that it is less
sensitive to extreme values or outliers than some parametric tests.

Chi-squared test and Chi-squared test for trend

The chi-squared test is a non-parametric statistic that is calculated based on the
observed and expected frequencies of the categories in a contingency table. For
small groups, Fishers exact test can be used instead.

To test for a linear trend for increasing LBR with higher s-AMH-levels (divided into
three AMH-groups) against the null hypothesis of no trend, a chi-squared test for
linear trend was performed in paper I. This test is appropriate for testing association
between a nominal variable and an ordinal variable and can be used to assess the
presence of a significant linear trend in proportions across ordered categorical data.

Prediction model

The prediction models were evaluated, and results presented as the area under the
ROC curve and accuracy of the evaluation sets and test sets. The evaluation metrics
were calculated based on the predictions of all patients whenever they were used as
evaluation set during the cross-validation. The threshold to dichotomize the
predicted probabilities was decided using Youden’s J statistic based on the ROC
curve for the evaluation set (155). Model performance was compared using the area
under the ROC curve. Model interpretations were generated using SHAP by
transforming model features into clinical variables and representing them as patient-
specific visualizations.
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Ethical considerations

The study protocol for paper I was approved by the Regional Ethical Review Board
of Lund university, Lund, with a reference number 539/2008. Papers 2-5 were
approved by the Regional Ethical Review Board of Lund university, Lund, Sweden,
on September 11, 2018, with a reference number 2018/555.

All women were given oral and written information about the studies, and written
informed consent was obtained from all women. Women that could not understand
the information due to language difficulties were not included.

All women were informed about the possibility to withdraw from the study at any
time and that their choice to participate or not participate would not affect their
treatment. However, there is always a possibility that patients feel obliged to
participate in a clinical study, especially when asked in a dependent situation. They
come to the fertility clinic with great hopes and fears, and many would probably do
anything their physician ask for, if they thought it would help them get pregnant.
All women were reassured that choosing not to participate in a study would never
affect their care. Almost all women were happy to participate, for different reasons.
Some women chose to participate as the ultrasound examination was part of the
work-up anyway. Therefore, any data needed for the study could just as well be
saved. Most women were eager to help other couples in the same situation. Further,
some women had long suspected that they had endometriosis but had never been
offered any help. They were grateful for the opportunity of a thorough examination.

One ethical dilemma is that some women had never heard of endometriosis or
adenomyosis. Suddenly they found themselves having a diagnosis they had never
asked for. There is a risk that this knowledge would inflict a sense of guilt on them,
that it was their “fault” that they could not conceive spontaneously. It felt suboptimal
not being able to offer them many treatment options or being able to answer how
the diagnosis would affect their chances of having a child. On the other hand, the
study was carried out to increase our knowledge on this matter. Not trying to
increase our knowledge because someone might get offended could also be
considered unethical. The Word Medical Association declaration of Helsinki states
that “Medical progress is based on research that ultimately must include studies
involving human subject” (156). Our study did not inflict any harm or unnecessary
physical discomfort as the examinations had to be done anyway. As a physician, I
am obliged by law to inform the patient on all findings and to involve her in the
care. This includes unexpected findings, such as cancer. As | performed all the
ultrasound examinations, any pathologies were found regardless of study
participance. Most women with findings of endometriosis were grateful to finally
get a diagnosis and an understanding of the reason for the pain they lived with.
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Methodological considerations

Bias
For this thesis, we carried out observational studies. Such studies are descriptive
without intervention and measure associations between exposure and outcome.

Observational studies may be subject to bias, which is systematic errors in their
design and methods. Bias may lead to misinterpretation of the results (lack of
internal validity). The main categories of systematic errors in observational studies
are selection bias, information bias and confounding. Selection bias occurs when
the study participants are not representative of the population, particularly regarding
the distribution of exposures. Information bias, or misclassification, is the result of
inaccurate methods of measuring exposure or outcome. A confounder is a factor
that, independently, is related to both the exposure and the outcome variables. It
must not be on the casual pathway and inherently biases the measure of association
between the exposure and outcome.

To minimize the effect of potential confounders, inclusion criteria can be strict and
adjustments for those that are known can be undertaken. In regression models,
potential confounders can be included as covariates. In our studies, we did not
include smokers, women with BMI >30 kg'm® or age > 40 years, which are factors
known to potentially impact [IVF/ICSI outcomes. In paper IV and V, when analysing
IVF/ICSI treatment outcomes, adjustments were made for several potentially
confounding factors. However, we did not adjust for male factors, which may
represent a bias.

In paper I, women with irregular menstrual cycles were excluded. Some of these
women probably had polycystic ovarian syndrome, which is associated with a high
ovarian reserve. This may have affected the CLBR after ART. As not all women
referred to RMC for ART were included in paper I, selection bias cannot be
excluded. Perhaps more women with concurrent diseases that may affect fertility
declined participation or were not asked by the doctor. Further, the reason for drop-
outs is not known. For paper II-V, the same examiner included all women
consecutively. Only 11 women declined participation and another 5 were not
included due to language difficulties. This makes selection bias unlikely. The
prospective design, with consecutive inclusion of a large cohort of women and well-
defined diagnostic criteria, is another strength.

Counting the number of antral follicles in the ovaries adequately depends on the
examiner and on the quality of the ultrasound machine. It is probably easier to count
AFC if there are few antral follicles than if the ovaries are polyfollicular. A certain
interobserver variability regarding AFC in paper I cannot be excluded.

We did not have any laparoscopic or histopathological confirmation of our findings
in paper 1I-V. However, laparoscopy is not a part of the routine infertility work-up
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and hysterectomy is not an alternative for our population. Moreover, even surgical,
and histopathological findings are subject to interobserver variability, and no
uniform diagnostic histopathological criteria exist. However, we cannot exclude that
some women without visible endometriosis lesions at TVUS did in fact have
superficial peritoneal lesions. Moreover, small endometriotic lesions on the
peritoneum, vaginal wall or USLs were probably easier to detect when the bowel
was empty, or when there was a small amount of fluid in the POD, which is more
common after ovulation.

Not all women proceeded with IVF/ICSI treatment. For some women, this was due
to spontaneous pregnancy. As this was equally common for women with or without
endometriosis, it is unlikely that these drop-outs present a bias. However, offering
IUI prior to starting IVF/ICSI treatment was more common to women without
endometriosis or adenomyosis than to those with the diseases.

In paper I, IV and V, we used different IVF/ICSI protocols for different women.
The agonist protocol has been associated with a higher oocyte yield than the agonist
protocol, which subsequently may affect CLBR.

In cohort B, 23 same gender couples or single women were included. One could
argue that these women do not fulfil the criteria for subfertility. However, as they
were equally distributed among women with or without endometriosis or
adenomyosis, they are unlikely to have introduced a bias. Likewise, one could argue
that including women with secondary infertility may present a bias. Features of
adenomyosis were more common among these women. The reason is that we
included all women that were eligible for ART.

Backwards selection was used in regression analysis in Paper III. This method has
been criticized for several reasons. As variables are iteratively selected or removed
based on their statistical significance or contribution to the model fit, there is a risk
of “overfitting”, or an exaggeration regarding the model performance. Moreover,
the variable selection does not necessarily incorporate knowledge about the
relationships among variables. This can lead to the inclusion or exclusion of
variables that do not make sense from a theoretical perspective.

Internal and external validity

The results of papers II — V may not be generalizable to all centres. High-end
ultrasound equipment and expertise in the ultrasound diagnostics of endometriosis
and adenomyosis may not be available at all clinics. A strength of the studies is
having a single examiner for all women, which eliminates any interobserver
variability and ensures consistency regarding ultrasound examinations and data
collection. However, a certain inter-individual variation in interpreting ultrasound
findings and MUSA definitions regarding indirect features is likely.
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The cutoff-levels used to define “asymmetrical myometrial thickening” are only
arbitrary (7). Transient uterine contractions can mimic globular uterus or
asymmetry. As we used the MUSA definitions in this thesis, some indirect features
may have been overdiagnosed. However, including only women that were not on
current hormonal treatment is a strength, as this ensures that women that had
successfully been treated for adenomyosis were not wrongly classified.

Another weakness of the MUSA definitions is that direct features of adenomyosis
may simultaneously constitute indirect features, if located in the JZ. Therefore, the
number of features of adenomyosis may be overestimated. This is a limitation of the
MUSA definitions that we think should be reconsidered in a revised version. To
overcome this, we evaluated indirect features before and after women with direct
features had been excluded.

The questionnaire that we used to evaluate symptoms had not been validated in
larger studies. To some women, it was unclear what was meant by “hormonal
treatment” and why for example thyroid hormones was not what we meant.
Moreover, the same questionnaire was used for all women, and some symptoms
which may be more common in women with adenomyosis, such as abnormal uterine
bleeding, were not included in the questionnaire.

Sample size and Type II errors.

For cohort A, no power calculation was performed. A lack of adequate sample size
may increase the risk of type II error, which is a failure to reject the null hypothesis
when it is false. However, this may be more of a concern when there is no
statistically significant difference between groups. In our study, we found a weak
association between AMH levels and CLBR. It is possible that the association would
have been stronger had the sample size been larger. We performed a post hoc power
calculation, showing that with the given sample size, the study had a statistical
power of 0.4 to detect the differences in AMH levels between LB vs no-LB groups
as found by us. A power of 0.4 means that there is a 40% chance of correctly
detecting a true effect if one exists. Generally, a power of 0.8 or higher is considered
acceptable, as it indicates a better ability to detect true effects.

The prevalence of adenomyosis was an estimated 15% for an adequate power for
paper V. This prevalence was based on the original MUSA definitions. However,
according to the revised MUSA definitions, only direct features of adenomyosis are
considered as diagnostic for the disease. Direct features of adenomyosis were
present in 9.8% of women in paper V. Therefore, the sample size may not have been
adequate to detect differences between the groups.

Machine learning, sparse data, overfitting, and model complexity

Overfitting is a common problem in machine learning. This means that a model
learns to perform well on the training data but fails to generalize to new, unseen
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data. In other words, the model fits too closely to the training data, capturing noise
or random fluctuations in the data rather than the underlying pattern or relationship.
This can result in poor performance when the model is applied to new data.
Overfitting typically occurs when a model is too complex relative to the amount and
variability of the training data. To mitigate overfitting, early stopping was employed
when our model was developed. This means monitoring the model's performance
on a separate validation set and stopping the training process when the performance
starts to degrade.

Datasets predominantly composed of categorical and binary variables, such as the
one used in this thesis, may present challenges for predictive modelling. One of the
main challenges encountered in paper V was the sparsity observed in the binary
data, where some variables only had a few observations in one of the categories,
such as “DE in the vaginal wall”. It’s important to note that sparsity does not
necessarily imply that variables are undesired. Removing them solely due to sparsity
may not be the most appropriate approach.

Given the limited size of the patient cohort in this study, we needed to address
unnecessary variables to reduce the dimensionality of the dataset and simplify the
model. To achieve this, we first removed very sparse binary variables, defined as
variables with less than 20 observations in one of the categories. Instead of
subgrouping different phenotypes of DE, they were grouped together as “DE”. The
second step was to find a suitable model and calculate the importance of the
variables using SHAP-values (153). Variables that had a negligible contribution to
the model were considered for removal.
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Results

Live birth rate in relation to ovarian reserve parameters

In total 454 women were included in cohort A (paper I). Of these, 162 (35.7%)
women had a LB. The median (range) s-AMH was higher in women with LB [s-
AMH 26.2, (0-137) pmol/l], compared to women without LB, [s-AMH 22.1, (0-
154) pmol/L], p=0.035.

A similar pattern was observed for the 1191 women in cohort B. Women with LB
had a higher median (range) s-AMH [21.4, (0.5 — 151) pmol/L] compared to women
without LB, [median (range) s-AMH 15.3, (0.2 — 244) pmol/L], p<0.001.

When dividing cohort A into three AMH-groups representing women with expected
low, normal, and high response to ovarian stimulation, CLBR increased with 8 %,
(95 % CI: 2 -14), per AMH-group, p=0.015.

The ovarian reserve parameters in the three AMH-groups are presented in Table 5.

Table 5. Comparison of ovarian reserve parameters in different AMH-groups in cohort A

AMH

10-<30
Parameter n=201
AFC? 16 (7) 10 (8) 14 (5) 20 (7)
Total dose FSH 1660 (760) 2470 (1070) 1630 (610) 1330 (420)
Oocytes 11 (6) 6 (4) 10 (5) 13 (7)
osl 6.7 (6.1) 2.7 (2.5) 6.3 (6.6) 9.0 (5.6)
LBR 36 (48) 26 (44) 34 (48) 41 (49)

AMH= antimdllerian hormone (pmol/L), AFC= Antral follicle count (n), FSH= Follicle Stimulating
hormone (IU), OSI= Ovarian sensitivity index, LBR= Live birth rate (%). ® n=445 due to missing values.
Data is presented as mean (+SD).
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Predictive value of ovarian reserve parameters on live birth

The ability of s-AMH, AFC and OSI to predict LB was assessed by ROC curve. The
overall LB prediction was low. For cohort A, the area under the ROC curve for s-
AMH was 0.57 (95% CI, 0.51-0.62), for AFC 0.56 (95% CI, 0.51-0.62) and for
OSI0.63 (95% CI, 0.58-0.69), (Figure 19a).

For cohort B, the results were similar. The AUC for s-AMH was 0.61 (95% CI,
0.58-0.65), for AFC 0.62 (95% CI, 0.59-0.65) and for OSI 0.66 (95% CI, 0.63—
0.69), (Figure 19b).
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Figure 19. Receiver operating characteristics (ROC) Curve, demonstrating the predicitive value
of s-AMH, AFC and OSI on live birth, presented as area under the curve.

ROC-= Receiver operating characteristics curve; s-AMH= serum antimillerian hormone; AFC= antral
follicle count; OSI= ovarian sensitivity index. a) Cohort A, The AUC for s-AMH = 0.57, AFC = 0.56, and
0S8l 0.63, b) Cohort B (unpublished data); The AUS for s-AMH=0.61, AFC= 0.62; OSI= 0.66.
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Prevalence of endometriosis and adenomyosis at
ultrasonography

The baseline characteristics of the study population of Cokort B, based on the largest
study group corresponding to paper 11, are presented in Table 6.

Table 6. Baseline characteristics of the study population (cohort B).

Total cohort,
Parameter n=1191
Age (years) 32.0 (£3.9)
BMI (kg/m2) 23.6 (16.6 — 35.0)
Menstrual cycle length (days) 28 (18 — 150)
Length of infertility (years) 2.5 (0-16)
Main Indication for ART
Unexplained 547 (45.9)
Male 357 (30.0)
Mixed 40 (3.4)
Tubal 87 (7.3)
Endometriosis 58 (4.9)
Oligo-/amenorrhea® 77 (6.5)
Other® 25 (2.1)
Previous childbirth 55 (4.6)
Previous extrauterine pregnancy 47 (3.9)
Previous termination of pregnancy 124 (10.4)
Previous surgery 257 (21.6)

BMI= Body Mass Index; ART= Assisted Reproductive treatment.
aWomen with polycystic ovarian syndrome are included in this group;  Other= single women, same
gender couples. Data is presented as mean (+SD), median (range) or n (%).

Data is presented as percentages of all women included in paper II or III, unless
otherwise stated.

Prevalence of endometriosis

Out of 1191 women included in paper 11, endometriotic lesions were present in 260
[21.8%, (95% CI, 19.5 — 24.2)] women. Endometrioma was present in 125 [10.5%,
(95% CI, 8.8-12.2)] women and DE in 205 [17.2%, (95% CI, 15.1 — 19.4)] women.
Concomitant DE and endometrioma were present in 70 [5.9%, (95% CI 4.5 — 7.2)]
women. Only 63 (5.3%) women had previously confirmed endometriosis. The
anatomical distribution of endometriosis lesions is presented in Figure 20.
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Bowel lesions were most commonly located in the anterior rectum (n=58, 4.9%).
All endometriotic lesions in the vagina and in the urinary tract were associated with
endometriotic lesions in other locations. Lesions in the vaginal wall were associated
with a diabolo-like nodule in 18 (1.5%) women. A negative sliding sign with POD
obliteration was found in 57 (4.8%) women. Most women had one (n=121, 10.2%)
or two (n=82, 6.9%) endometriotic lesions. More than three lesions were present in
57 (4.8%) women.

% women with endometriosis in
the specific location

Figure 20. Distribution of endometriosis in different anatomical locations.

USL= Uterosacral ligaments; RVS= Rectovaginal septum; POD= Obliteration of the Pouch of Douglas.
Data is presented as % of the total cohort of 1191 women. Some women may have had endometriosis
lesions in several locations.

Prevalence of different features of adenomyosis

After excluding 31 women that were using hormonal treatment, 1160 women were
included in paper III. At least one direct feature of adenomyosis was present in
111/1160 [9.6% (95% CI, 7.9 — 11.3)] women. The prevalence of at least one feature
of adenomyosis (direct and/or indirect) was 272/1160 [23.4% (95% CI, 21.0 - 25.9)]
women. The prevalence and distribution of different features of adenomyosis are
presented in Figure 21.
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Figure 21. Distribution of different features of adenomyosis.
JZ= Junctional zone. Data is presented as % of the total cohort of 1160 women. Some women may
have had several different features.

Direct features were visible only in the coronal plane on 3D TVUS in 56 [4.8%
(95% CI, 3.6 — 6.1)] women and only on 2D TVUS in 7 [0.6%, (95% CI, 0.2 — 1.1)]
women. Indirect features were visible only on 2D TVUS in 77 [6.6%, (95% CI, 5.2
—8.1)] women and only on 3D TVUS in 62 [5.3%, (95% CI 4.1- 6.6)] women. The
JZ was unassessable both on 2D and 3D TVUS in 33 [2.8% (95% CI, 2.0 — 4-0)]
women.

The number of direct features increased with age. In women aged 25 — 29 years, 12
(3.5%) women had at least one direct feature, whereas 40 (8.0%) women aged 30-
34 years and 59 (18.3%) women aged 35 years or older had at least one direct feature
of adenomyosis.

Direct features mostly had a mild extent (n=34/111, 30.6%), were diffuse
(n=57/111, 51.4%), and located in the inner to middle myometrium (n= 44/111,
39.6%) in the lateral walls of the uterus (n=78/111, 70.3%).

Concurrent endometriosis and at least one direct and/or indirect feature of
adenomyosis were present in 95/1160 [8.2%, (95% CI, 6.6-9.8)] women. In total
44/111 (39.6%) women with direct features and 51/272 (18.8%) women with
indirect features of adenomyosis simultaneously had visible endometriosis.

The odds for having any feature of adenomyosis for women with or without various
demographic variables are presented in Table 7.
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Table 7. The odds for having at least one direct and/or indirect feature of adenomyosis for
women with different demographic variables.

Direct features?, n=111 Indirect features®, n=156
Variable OR 95% ClI p-value 95% ClI p-value
Age 1.2 1.1-13 <0.001 1.0 0.98-1.1 0.37
Childbirth 1.6 0.74-35 0.24 29 1.5-53 0.001
Miscarriage 0.97 0.55-1.7 0.90 1.2 0.76 - 1.9 0.43
;?;;:2?12;" of 19  1.1-33 003 081 045-14 0.47
Endometriosis 2.8 1.8-43 <0.001 1.9 1.3-28 <0.001

OR= Odds ratio; Cl= Confidence interval; 2 Direct features with indirect features,® Indirect features
without direct features.

OR was calculated using binary logistic regression analysis. P <0.05 is considered statistically
significant.

Symptoms related to endometriosis and adenomyosis

Women with endometriosis on TVUS more frequently reported the presence of
typical symptoms compared to women without endometriosis. The frequency of
reported symptoms is presented in Figure 22.
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Figure 22. Frequency of symptoms reported by women with or without endometriosis.

Pelvic pain= chronic pelvic pain. Data is presented as % of women in each category. No endometriosis,
n=931, Endometriosis, n=260. The asterisk * indicates statistically significant difference, p<0.001.
Comparison within each group was made with the Chi2-test.
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Women with direct features of adenomyosis more frequently reported dysmenorrhea
than women without direct features. The frequency of reported symptoms in women
with or without direct features of adenomyosis is presented in Figure 23.
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Figure 23. Frequency of symptoms reported by women with or without direct features of
adenomyosis.

Data is presented as % of women in each category. No adenomyosis, n=1049, Adenomyosis (i.e.
direct features of adenomyosis), n=111. The asterisk * indicates statistically significant difference,
p=0.008. Comparison within each group was made with the Chi2-test.

Ovarian reserve parameters in relation to endometriosis
and adenomyosis
Women with endometriosis (i.e. endometrioma and/or DE) or adenomyosis (i.e.

direct features of adenomyosis) had lower AFC, s-AMH and OSI than women
without the diseases, Table 8.

Table 8. Ovarian reserve parameters in women with or without endometriosis or adenomyosis

No endo? No adeno® Adeno®
Parameter n=806 p-value n=935 n=102 p-value
Age 31.9 (4.0) 32.3 (4.0) 0.228 31.7 (3.9) 34.4(3.8) <0.001
s-AMH 19.0 (10-31)  17.0 (9.2-25) 0.034 19.0 (10-30) 14 (5-19) <0.001
AFC 18 (11-26) 14 (12-27) 0.001 17 (10-25) 14 (12-26)  <0.001
oSl 6.0 (6.5) 5.2 (5.8) 0.004 6.1 (6.5) 4.4 (5.8) 0.003

aTotal number of women in this cohort was 1040. "Total number of women in this cohort was 1037.
Endo= endometriosis; adeno= adenomyosis; s-AMH= serum-antimiillerian hormone (pmol/L); AFC=
antral follicle count (n); OSI= ovarian sensitivity index; Age (years). Data is presented as median
(interquartile range) or mean (+SD).
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Live birth rate in relation to endometriosis and
adenomyosis

Data is presented as percentages of all women included in paper IV and V, unless
otherwise stated.

Endometriosis

The main outcomes after the first IVF/ICSI treatment for women with or without
endometriosis are presented in Figure 24.
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Figure 24. Main outcomes after the first IVF/ICSI treatment in women with or without
endometriosis.

IVF= in vitro fertilization; ICSI= Intracytoplasmic sperm injection. Numbers are given as % of women
with or without endometriosis at transvaginal ultrasonography. No endometriosis, n= 806,
Endometriosis, n= 234. The asterisk * indicates statistically significant difference. Comparison within
each group was made with the Chi2-test. Unadjusted cumulative data after the first treatment are
shown.

Cumulative data for the main outcomes after the first IVF/ICSI treatment, with
crude and adjusted relative risks for pregnancy, miscarriage, and CLBR, are
presented for women with or without endometriosis in Table 9. Adjustments were
made for age, BMI, s-AMH, stimulation protocol, FSH dose, number of stimulation
days and ET day.
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Women with endometriosis had a lower chance of CLB after the first IVE/ICSI
treatment compared to women without, aRR 0.63, (95% CI, 0.48 — 0.82), p<0.001.

Of the total cohort of 1040 women included in paper 1V, in total 426 [41.0%, (95%
CI, 38.0 — 44.0)] women had a CLB after their first IVF/ICSI treatment. Women
with endometriosis had a lower CLBR [78/234, 33.3%, (95% CI, 27.3 — 39.4])
compared to women without the disease [348/806, 43.2%, (95% CI, 39.8 — 46.6)],
p=0.007. Women with endometriosis had a lower PR after fresh ET [71/176
(40.3%)] compared to women without endometriosis [306/588, (52.0%)], aRR 0.72
(95% C10.56-0.93), p=0.011, calculated as % of fresh ET cycles. PR after FET were
similar between the two groups (37/96, 38.5% versus 122/306, 39.9%), aRR 0.76
(95% CI 0.50-1.15), calculated as % of FET cycles.

The CLBR for women with or without different phenotypes of endometriosis is
presented in Figure 26. When stratifying for phenotype of endometriosis, women
with DE but without endometrioma had similar CLBR compared to women without
endometriosis, [44/119, 37.0%, (95% CI, 28.8 — 46.2), versus 348/806, [43.2%,
(95% CI, 39.9 — 46.7)], p=0.201. The RR for CLB for women with DE compared to
women without DE was 0.93 (95% CI, 0.75 - 1.15). Women with endometrioma
without DE had a lower CLBR [12/49, (24.5%, 95% CI, 12.5 — 36.5)] compared to
women without endometriosis, p=0.010. Their RR for CLB was 0.72, (95% CI 0.53
-0.97).

There was no difference in the number of stimulation days, retrieved mature
oocytes, fertilization rates or number of GQEs between women with or without
endometriosis. Women with endometriosis more often had ET in cleavage stage
compared to women without the disease [105/176, (59.7%) versus 293/588 (49.8%),
p=0.02], calculated as % of ET cycles.
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Figure 26. Cumulative live birth rates for women with different phenotypes of endometriosis.
DE= Deep endometriosis. Data is presented as % of women in each category. No endometriosis,
n=806, DE only, n= 119, Endometrioma only, n=49, DE+ Endometrioma, n=66. Comparison with the
No endometriosis group was made with the Chi2-test. The asterisk * indicates statistically significant
difference. Unadjusted cumulative data are shown.

Adenomyosis

In total 1037 women were included in paper V. The CLBR after the first IVF/ICSI
treatment was 424/1037, [40.9%, (95% CI, 37.9-43.8)]. Women with direct features
of'adenomyosis had a lower CLBR, 25/102 [24.5%, (95% CI, 17.5-31-5)] compared
to women without any direct feature, 399/935, [42.7%, (95% CI, 39.5-45.8)],
p<0.001.

The main outcomes after the first IVF/ICSI treatment for women with or without
direct features of adenomyosis are presented with unadjusted data in Figure 27.
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Figure 27. Main outcomes after the first IVF/ICSI treatment in women with or without direct
features of adenomyosis.

IVF= in vitro fertilization; ICSI= Intracytoplasmic sperm injection. No adenomyosis (no direct features of
adenomyosis), n= 935, Adenomyosis (direct features of adenomyosis), n=102 women. Data is
presented as % of women with or without direct features of adenomyosis. Comparison within each
group was made with the Chi2-test. The asterisk * indicates statistically singnificant difference.
Cumulative, unadjusted data after the first treatment cycle are shown.

Cumulative data for the main outcomes after the first IVF/ICSI treatment for women
with direct or indirect features of adenomyosis, with crude and adjusted relative
risks for pregnancy, miscarriage, and CLBR, are presented in Table 10.

Women with direct features of adenomyosis had a similar chance of CLB as women
without direct features, after adjustments were made for age, BMI, s-AMH,
stimulation protocol, number of stimulation days, ET day and presence of
endometriosis, [aRR 0.83, (95% CI, 0.56 — 1.22), p=0.361], (Table 10a). A similar
pattern was found when comparing women with direct features of adenomyosis with
women without any direct or indirect features, aRR 0.69, (95% CI 0.46 — 1.01), p=
0.056. However, women with indirect features of adenomyosis had a lower chance
of CLB than women without, [aRR 0.64, (95% CI, 0.47 — 0.87), p=0.005], Table
10b.

Women with direct features of adenomyosis had an increased risk of miscarriage
after FET [n=10/14, (71.4%)] compared to women without direct features of
adenomyosis [n=29/145, (20.0%)], after adjusting for potentially confounding
factors, [aRR 4.54, (95% CI 2.01 — 10.2), p<0.001].
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The only individual feature of adenomyosis that had an impact on CLBR was an
interrupted JZ in the coronal plane on 3D TVUS. The crude RR for CLB for an
interrupted compared to a regular JZ was 0.36, (95% CI, 0.23-0.58), p<0.001, and
the adjusted RR 0.47, (95% CI, 0.22-0.61), p<0.001. None of the other MUSA
features had an individual impact on CLBR.

Having at least one feature of adenomyosis located in the JZ lowered the chance for
LB in comparison with other locations, [RR 0.39 (95% CI; 0.11-0.74)], p= 0.010.
Conversely, having any feature of adenomyosis only in the outer myometrium
increased the chance for LB in comparison with other locations, [RR 2.61 (95% CI,
1.42-4.8)], p=0.002.

Al prediction model

The best XGBoost model for prediction of CLBR resulted in an evaluation AUC of
0.69 and test AUC of 0.66. The model’s evaluation accuracy was 0.64, and the
model’s test accuracy was 0.59, (Figure 28). The variables with the best predictive
ability in relation to LB were s-AMH (mean SHAP 0.21) and a regular JZ (mean
SHAP 0.13). An interrupted JZ at 3D TVUS was the most important MUSA feature
(mean SHAP 0.06). The MUSA features were generally poor predictors of LB.

Receiver Operating Characteristic target variable LBR
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Figure 28. Receiver operating characteristics curves showing the area under the curve for
prediction of live birth rate. LBR= Live birth rate; Eval = evaluation; AUC= area under the curve
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The importance of the individual variables in the prediction model for LB are
presented in Figure 29.
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Figure 29. The importance of different variables in the prediction model for live birth

3D= Three-dimensional; JZ= junctional zone; 2D= two-dimensional; BMI= Body Mass Index; AFC=
antral follicle count; AMH= antimdillerian hormone; pelvic pain= chronic pelvic pain.

The importance of each variable on the model, illustrated with the Shapley additive explanations
algorithm (SHAP) variable importance. The most important variable has the highest mean of absolute
SHAP values.
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Discussion

This thesis was conducted with the overall aim of increasing the knowledge of
endometriosis and adenomyosis, to improve the care and counselling for women
that seek treatment for subfertility, particularly those with endometriosis or
adenomyosis. Using systematic ultrasonography with standardized definitions, we
have provided new knowledge regarding the prevalence of endometriosis and
adenomyosis among these women. We have also increased our knowledge on how
ovarian reserve parameters correlate with CLBR after IVF/ICSI treatment and how
endometriosis and adenomyosis impact fertility treatment outcomes.

Our main findings were that even if ovarian reserve parameters correlate with LBR,
the predictive ability of these parameters in relation to LB was poor. Further, we
found that endometriosis was present in 22% of women with subfertility. A majority
were previously undiagnosed despite typical symptoms and repeated examinations.
Women with endometriosis had reduced s-AMH-levels and a lower chance of LB
compared to women without the disease. We found that adenomyosis was present
in one in ten women scheduled for ART. Adenomyosis was more prevalent in
women with endometriosis and with increasing age. Even if women with
adenomyosis had lower CLBR than women without the disease, they had in fact
similar chances of having a LB after IVF/ICSI treatment as women without the
disease, after adjustments were made for potentially confounding factors. Predicting
LB in women embarking on ART is challenging, as various factors interact. S-AMH
was the most important single variable for predicting LB, whereas MUSA features
of adenomyosis were poor predictors. When using a machine learning algorithm,
we were not able to build a clinically useful model for the prediction of LB after
IVF/ICSI treatment.

In paper I, we found that s-~AMH and AFC correlated with CLBR, but the predictive
value of these parameters in relation to CLB was limited. Our findings are in line
with previous studies, that concluded that s-AMH and AFC are correlated with LBR
(28, 29, 30, 157, 158, 159). Several studies have disputed a predictive value of s-
AMH, arguing that regardless of an association with LB, s-AMH does not offer any
added predictive value to that of age or AFC (160, 161, 162). There is neither a
lower threshold under which no woman achieves LB, nor is there an upper threshold
above which all women succeed. This limits its predictive value, as concluded in a
recent meta-analysis (163). However, the same meta-analysis found that s-AMH
performed better in relation to CLBR than to LBR after first fresh ET, which was
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attributed to the correlation between s-~AMH and oocyte yield. These findings align
with ours. Several women in this thesis with undetectable levels of s-AMH had a
LB, whereas not all women with s-~AMH above 100 succeeded. SSAMH may be
used for counselling couples of their chances but should not be used as a sole
variable to dissuade a woman from treatment.

In paper I, we found that 22% of women scheduled for ART had endometriosis on
TVUS. Three quarters of these women were previously undiagnosed, and our
findings explained their cause for subfertility. The substantial delay in time to
diagnosis for most women with endometriosis is previously well known (42). What
is concerning, however, is our finding that most women with endometriosis that
seek help due to subfertility remain undiagnosed. This is despite having typical
symptoms that affect their daily life, despite seeking help due to one of the cardinal
symptoms of endometriosis and despite undergoing repeated ultrasonographic and
pelvic examinations to find out the reason for their subfertility. This implies that
symptoms suggestive of endometriosis may be neglected even among professionals,
which is worrying for several reasons.

A recent study showed that women with endometriosis that were diagnosed after
undergoing ART were 33% less likely to have a LB compared to women without
endometriosis, despite undergoing more ART cycles (164). Women with
undiagnosed endometriosis may be deprived of correct treatment. If they are
diagnosed as having unknown cause for subfertility, they may undergo repeated
cycles of IUI, which is usually not recommended for women with endometriosis
(165). Postponing IVF/ICSI treatment may reduce the chances of a successful
outcome (166). Moreover, regardless of ART results, endometriosis often has a
major impact on affected women's daily life (42, 167). Many women might benefit
from hormonal treatment, surgery, or the specific management that can be offered
at centres specialized in endometriosis treatment. Even if the risk of disease
progression in asymptomatic women that are managed conservatively recently has
been questioned (168, 169), women with endometriosis in our study were hardly
asymptomatic. On the contrary, apart from having subfertility, women in our cohort
more frequently reported the presence of dysmenorrhea, dyspareunia, dyschezia,
pelvic pain and dysuria than women without endometriosis. Further, the presence
of dyschezia and pelvic pain were variables that contributed to the prediction model
for LB in paper V. Considering that women with endometriosis had lower s-AMH
levels compared to women without endometriosis in this thesis, progressive damage
to the ovarian reserve in untreated women cannot be ruled out. It is possible that
expedited ART should be considered for women with endometriosis. Another aspect
concerning a potential underdiagnosis of endometriosis, is that this hampers the
interpretation of studies that assess whether subfertile women with endometriosis
would benefit from specific treatment protocols or management. Having a correct
diagnosis is a prerequisite for such studies.
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The presence of endometriosis was associated with lower CLBR after the first
IVF/ICSI treatment in paper IV. This is consistent with a previous retrospective
study, in which women with endometriosis had 24% less likelihood of a LB when
compared to those with unexplained subfertility (71). Likewise, endometriosis had
the lowest chance of LB, when associated with other infertility diagnoses, in a
retrospective population-based cohort study assessing the impact of endometriosis
alone, or in combination with other infertility diagnoses, on IVF outcomes (170).
Several recent meta-analyses have shown opposite results to ours, with similar LBR
after IVF/ICSI treatment in women with or without endometriosis (73, 75, 171,
172). As mentioned earlier, some of the discrepancies may be attributed to
heterogeneity in study design, particularly regarding the diagnostics of
endometriosis. In some of the studies, the endometriosis diagnosis was made after
laparoscopy and staged according to the rASRM classification, which does not
consider DE in retroperitoneal structures (173). Moreover, considering that most
women with endometriosis in this thesis were previously undiagnosed, it is likely
that some of the women in the “non-endometriosis” groups in previous retrospective
studies in fact had endometriosis.

After stratifying for different phenotypes of endometriosis, it appears as if the
presence of endometriomas affected the CLBR after the first IVF/ICSI treatment
more that the presence of DE. This is in alignment with a previous study that found
significantly lower LBR or ongoing PR after IVF/ICSI treatment in women
diagnosed with endometriomas at laparoscopy (LBR 18.8%), compared to women
with tubal infertility or various stages of peritoneal endometriosis (LBR 30.5%)
(174). A recent retrospective population-based cohort study found that the incidence
rate of first LB was reduced by approximately half in women with subsequent
surgical diagnosis of endometriosis compared to women with no such diagnosis
(175). The fertility rate of parous women was lowest in the sub-cohort of
endometriomas compared to those with peritoneal and deep endometriosis, which
agrees with our results.

We found lower s-AMH levels and AFC in women with endometriosis compared to
healthy women in paper IV, which aligns with data reported by others (94, 176,
177). Ovarian endometrioma seems to be associated with a faster decline of the
ovarian reserve compared to healthy women (95), which in turn is associated with a
shorter reproductive window (26). Several possible reasons for the accelerated
decline have been suggested. The endometrioma may cause compression of the
ovarian cortex, which in turn may impede circulation and cause a loss of follicles
(178). An inflammatory, rather than mechanical, impact is another possible
explanation. The endometrioma contains high concentrations of iron, that mediates
the production of ROS. ROS may induce fibrosis in the ovarian cortex, with a
subsequent loss of follicles (179) and damage to the quantity and/or quality of the
remaining oocytes. In contrast to endometriomas, the impact of DE may be
anatomical rather than inflammatory, with adhesions affecting the fallopian tubes.
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It is also possible that some of the DE lesions found in our study consisted of fibrosis
rather than active endometriosis lesions. This might explain the greater impact of
endometriomas on s-AMH levels and CLBR than that of DE in paper IV.

Interestingly, we did not find any difference in LBR after FET between women with
or without endometriosis. The difference in CLBRs was merely a consequence of
differences in LBR after fresh ET. There are several possible explanations for this.

At first, frozen-thawed embryos are blastocysts and might be of superior quality to
those transferred in cleavage stage. Women with endometriosis more often had ET
in cleavage stage. However, as we adjusted for ET day in our analyses, this is
unlikely to have affected the results.

Secondly, local intra-endometrial hypersecretion of oestradiol in women with
endometriosis induces progesterone resistance (81, 88). This can lead to inadequate
preparation of the endometrium, resulting in decreased endometrial receptivity.
This, in turn, may impair the ability of the embryo to implant successfully and
increase the risk of miscarriage. COS is associated with supraphysiologic levels of
oestradiol and progesterone, which may interfere with endometrial receptivity in
fresh cycles by enhancing development of the endometrium (180). Concerns have
been raised that alterations of the eutopic endometrium in women with
endometriosis may be exacerbated by COS (181). In FET cycles, however, embryos
are transferred in a more physiological environment, with restored optimal
endometrial receptivity. In line with this, a retrospective study that compared PR in
women with endometriosis, when using either fresh ET or FET, found that
cumulative PR in women with endometriosis were improved when employing
deferred ET (181). Further, progesterone resistance may reduce the effectiveness of
progesterone supplementation used during IVF cycles to support embryo
implantation and early pregnancy development. It is possible that women with
endometriosis or adenomyosis would benefit from tailored treatment regarding
timing and dosage of progesterone supplementation (182).

In paper III, we found that the prevalence of adenomyosis in our population was
10%, when using strict criteria. This is lower than what has previously been
suggested (57). However, different populations were examined in different studies,
and findings of adenomyosis are likely to be more prevalent in older, symptomatic
women scheduled for hysterectomy than in younger women with subfertility. It is
also probable that adenomyosis has been overdiagnosed in previous studies, when
indirect as well as direct features have been used for diagnosis (57, 183). In paper
1V, indirect features of adenomyosis were indeed detected in almost a quarter of
examined women, which corresponds to previous findings.

The presence of adenomyosis did not reduce the chances of LB in paper V. This is
in alignment with several studies (72, 184, 185, 186), but opposite to recent meta-
analyses (77, 187, 188). Contradictive results to ours may be explained by different
criteria used to diagnose adenomyosis, as discussed above. Further, not all studies
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have adjusted for potentially confounding factors (183, 189, 190). In this thesis,
women with adenomyosis were older, had lower s-AMH and AFC and more often
endometriosis compared to women without the disease. It is possible that the
negative impact of adenomyosis on ART outcomes seen in previous studies is rather
an effect of a reduced ovarian reserve and not of adenomyosis per se.

In paper V, women with direct features of adenomyosis had higher miscarriage rates
after FET compared to women without adenomyosis. This is in line with a recent
prospective study of 228 women with or without direct MUSA features of
adenomyosis, undergoing oocyte donation treatment (185). Similar results have
been reported by others (191). An impaired uterine environment, with
hyperperistaltic contractions, inflammation and progesterone resistance may
hamper gamete function and implantation in women with adenomyosis (44, 80).

Indirect features of adenomyosis were associated with reduced CLBR in paper V.
An interrupted JZ was the only individual feature of adenomyosis that was
associated with lower chances of a LB. Moreover, features of adenomyosis located
in the JZ negatively correlated with LB, whereas the opposite was true for location
in the outer myometrium. A regular JZ was one of the most important variables for
predicting LB in the ML model. This aligns with evidence that the JZ is of vital
importance for fertility and proper embryo implantation (192). As discussed above,
a disrupted endometrial-myometrial interface may negatively impact local
inflammatory factors, uterine peristalsis, sperm transport, decidualization,
trophoblast invasion and angiogenesis (44, 193). Altogether, an interrupted JZ may
compromise successful embryo implantation and pregnancy.

An altered JZ has previously been suggested to be a sign of endometriosis (194).
Kunz et al found that 79% of women with pelvic endometriosis had irregular JZ
thickening on MRI (46). Another study found that one third of young women with
endometriosis had concurrent JZ alterations on MRI (195). JZ alterations were a
common finding at 3D TVUS in s study of women with endometriosis (130).
Ectopic endometrial cells in the myometrium may cause proliferation of smooth
muscle cells in the JZ (194), which then appears irregular and thickened on TVUS
(12). An altered JZ has previously been associated with implantation failure (194),
possibly due to inflammation triggered by ectopic endometrium, and subsequent
increased contractility of the uterus. Even if most women will have signs of
adenomyosis with increasing age (196), data suggest that adenomyosis develops at
an earlier age in women with endometriosis compared to healthy women (197). In
this thesis, the odds for having at least one feature of adenomyosis were higher in
women with endometriosis. Moreover, endometriosis or indirect features of
adenomyosis reduced the chances of LB. One may speculate that indirect features
of adenomyosis to some extent correlate with endometriosis. Shared
pathophysiology between the two diseases has been suggested by Bulun et al (80).
Perhaps direct features of adenomyosis are a late sign of the uterine ageing process,
whereas indirect features, which might appear earlier in women with endometriosis,

85



are early manifestations of this ageing process (195)? It is possible that the presence
of endometriosis affects the chances of conceiving more than the presence of
adenomyosis in women with both diseases. The importance of indirect features in
the diagnostics of early forms of adenomyosis and for reproductive counselling
should be further evaluated.

In paper III, we found that direct features of adenomyosis were more often
visualized on 3D TVUS than on 2D TVUS. This was not true for indirect features.
However, most indirect features are only assessed on 2D TVUS, whereas the JZ is
evaluated on 2D as well as 3D TVUS. The latter is superior for assessing the JZ in
the coronal plane (12). A regular JZ was associated with a favourable outcome after
ART, whereas an interrupted JZ was associated with poorer outcome. Our findings
are in line with previous observations (45, 130) and indicate that 3D TVUS is an
important complement to 2D TVUS in the diagnostics of different features of
adenomyosis in subfertile women.

Predicting the chances of LB after ART would be valuable for several reasons. With
adequate information regarding the chance of successful treatment, the individual
couple can weigh the chance of having a child against potential risks with the
treatment. Moreover, they can decide whether they are willing to accept the financial
and emotional burden they might have to face.

Building a good prediction model for LB is challenging, as various factors may
interact to affect the outcome. Male factors, such as semen quality parameters, are
important aspects that were not considered in this thesis. In a previous study that
used the same cohort of women as in paper I, we investigated the impact of sperm
DNA fragmentation, expressed as % DNA fragmentation index (DFI), on the
outcome after [IVF/ICSI treatment (198). We found that the impact of high DFI on
standard IVF was most pronounced if the woman had relatively low AMH levels.
S-AMH is believed to be a quantitative and not a qualitative marker of the ovarian
reserve (199). In this context, however, one may speculate that lower s-AMH levels
reflect the potentially lower capacity of the oocyte to repair breaks of the sperm
DNA strand, which are implicated by the high DFI. This, in turn, may impact the
fertilization process. In this thesis, we found in papers I, [V and V that s-AMH is
correlated with CLBR. Older age, or the presence of endometriosis, were associated
with lower s-AMH-levels. Possibly, this may lead to a reduced reparative capacity
of the gametes and hence lower CLBR. Nevertheless, male factors should probably
be included in a model that aims at predicting LB after IVF/ICSI treatment.

Even if s-AMH is a poor predictor of LB after IVF/ICSI treatment, the ovarian
reserve is one of the most important factors to achieve LB. In this thesis, s-AMH
was the most important variable for predicting LB, when using a ML algorithm in
paper V. Maybe evaluating s-AMH is as good as it can get?

86



Summary of findings

The main findings of this thesis are as follows:

I

1L

III.

IV.

VL

S-AMH levels were associated with CLBR in patients undergoing their first
IVF/ICSI treatment. The ovarian reserve markers s-AMH, AFC and OSI
had an equally poor predictive ability in relation to CLBR.

Using the IDEA terminology, the prevalence of endometriosis at TVUS was
21.8% in subfertile women referred for their first ART. Three quarters of
women with findings of endometriosis at our examination were previously
undiagnosed.

Using the revised MUSA terminology, the prevalence of direct features of
adenomyosis was 9.6% in subfertile women referred for their first ART. In
total 23.4% women had indirect features of adenomyosis. Women with any
feature of adenomyosis were older and more often had concurrent
endometriosis than women without any features. 3D TVUS was an
important complement to 2D TVUS in detecting direct features of
adenomyosis.

Women with endometriosis on TVUS had a 37% reduced chance of having
a LB after [IVF/ICSI treatment compared to women without the disease. The
presence of endometrioma had a greater impact on CLBR than DE. Women
with endometriosis had lower s-AMH levels and AFC than women without
the disease.

The presence of direct MUSA features of adenomyosis did not correlate to
the CLBR in women undergoing their first IVF/ICSI treatment, after
adjustments were made for potentially confounding factors. However, the
presence of indirect features reduced the chance of LB in comparison with
women without any features. Women with adenomyosis were older and had
a reduced ovarian reserve compared to women without the disease.

A regular JZ was the best ultrasonographic variable in predicting LB,
whereas s-AMH was the best clinical variable, confirmed by the XGBoost
model. Overall, the predictive ability of MUSA features in relation to LB
after IVF/ICSI treatment was poor. Many factors may interact to impact
fertility treatment outcomes. Using a ML algorithm, we were not able to
build a clinically useful model to predict IVF/ICSI treatment outcomes.
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Conclusions

This thesis has contributed to an increased understanding of the disease panorama
of endometriosis and adenomyosis. For many women, endometriosis may explain
their cause for subfertility. For others, adenomyosis may increase the risk of
miscarriage. Our results highlight the importance of a structured and detailed
ultrasound examination in women who seek care for subfertility. Referral for
specialized ultrasound examinations should be considered more often, particularly
for women with symptoms suggestive of endometriosis or adenomyosis. A
diagnosis at an earlier stage would enable individualized fertility counselling as well
as an improved management in terms of hormonal treatment, pain relief, surgery or
expedited IVF/ICSI treatment. Further studies examining if different treatment
strategies would be beneficial for women with endometriosis or adenomyosis are
needed. Our results will facilitate the design of such studies.

Even if s-AMH cannot be used as a sole parameter for predicting fertility treatment
outcomes, it continues to be valuable for planning fertility treatments, as well as for
counselling women embarking on ART.

Future perspectives

Most women that are unsuccessful on their first IVF/ICSI treatment will choose to
undergo further attempts. In Sweden, women are entitled to up to three subsidized
treatments, until the birth of a living child is achieved. Usually, subsequent
treatment protocols are adjusted according to the first results. A natural next step
would be to examine the CLBR after three IVF/ICSI treatments in women with
endometriosis or adenomyosis. Could women with endometriosis achieve the same
CLBR after repeated fertility treatments as women without the disease?

Previously, many women have been incorrectly classified as having unknown cause
for subfertility. Improved ultrasonography has allowed for more women being
diagnosed with endometriosis or adenomyosis. Specific treatment protocols for
these women are scarce. Larger studies are needed that compare different treatment
protocols. Could women with endometriosis or adenomyosis benefit from
prolonged GnRH treatment prior to ART, deferred ET or individual dosing or timing
of progesterone supplementation?
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One weakness of our project is that the presence of superficial endometriotic lesions
was not assessed, hence its effect on CLBR is unknown. SonoPODography should
be carried out, to evaluate the presence of peritoneal endometriosis (122).

Women with endometriosis and particularly those with ART use, have been
suggested to be a subgroup with increased risk of adverse pregnancy outcomes such
as preterm birth, antepartum haemorrhage, and placenta praevia (200). Similarly,
women with adenomyosis are believed to have an increased risk of small for
gestational age, preterm birth, and preeclampsia (64, 66, 201). However, previous
studies may be biased as many women may have undiagnosed endometriosis, which
we have seen in this thesis. Further, the criteria used to diagnose adenomyosis may
vary. A natural next step forward is to study the obstetric outcomes for women in
our cohort. Are there any differences between women with or without endometriosis
and/or adenomyosis regarding obstetric outcomes?

Further, it would be interesting to carry out a pilot study to evaluate whether
different JZ alterations could be associated with alterations in the uterine artery
blood flow in the second trimester of pregnancy. Are there any alterations that could
be correlated to the development of preeclampsia or intrauterine growth restriction?

Our results indicate that endometriomas impact IVF/ICSI outcomes more than DE.
Further research regarding the composition of the follicular fluid surrounding the
oocytes should be carried out, to elucidate whether levels of inflammatory
parameters or molecular markers differ between women with or without
endometriosis, or between women with different phenotypes of endometriosis.
Could women with endometriosis benefit from oocyte cryopreservation for fertility
preservation? Should this be considered in the individualized fertility counselling of
these women? Likewise, endometrial samples from women with or without different
features of adenomyosis or endometriosis should be examined.

Features of adenomyosis were correlated with increasing age and previous
pregnancy. It would be of interest to examine our cohort of women 5 and 10 years
after the initial examination, regarding disease progression, appearance of the JZ
and presence of new features of adenomyosis. Are there any differences between
women with or without pregnancy and childbirth? Do ART results or the appearance
of the uterus differ between women with or without typical symptoms, if they were
disease-free on the index examination? Has endometriosis developed in some
women that initially had severe symptoms? Has direct features of adenomyosis
developed in women who had indirect features of adenomyosis on the initial
examination?

Artificial Intelligence is upcoming but has so far had limited use in ultrasound
diagnostics of endometriosis, adenomyosis and reproductive medicine. Could
artificial neural networks or deep machine learning models be better than
experienced examiners at pattern recognition, to detect clinically useful alterations
in internal genital organs?

&9



Acknowledgements

Ni dr ménga som pa olika sétt har bidragit till min forskning. Nagra av er vill jag
tacka lite extra.

FoU Region Skane for forskningsanslag.

Povilas Sladkevicius, huvudhandledare. Tack for att du med siddan glddje och
entusiasm tog dig an mig som adept! Du har alltid generést delat med dig av din
enorma ultraljudskunskap, och villigt diskuterat knepiga patientfall, d&ven nédr du
egentligen inte har haft tid. Som handledare har du pushat mig att vara kapten pa
min egen skuta, med devisen; “Det ar ditt projekt — du bestimmer!”. Det har hjalpt
mig att utvecklas mot en storre sjalvstindighet.

Emir Henic — bihandledare, som pa nigot sétt alltid lyckas f& mig pa halsen. Du
har inte bara bidragit med kunskap om reproduktionsmedicin och vilbehovlig
“klinisk uppmuntran” nér jag var ny pda RMC, utan ocksa sett till att jag fatt dka
standsmaéssigt fran Malmo ibland!

Stefan Hansson, andra bihandledare. Jag dr odndligt tacksam for att du hoppade pa
skutan nér det stormade. Du har visat dig vara en idéspruta av rang som bidragit
med nya perspektiv, och som lart mig att inte ge upp.

Aleksander Giwercman, som introducerade mig till forskningens fér mig da helt
obegripliga men spannande virld.

Ola Bjornsson, medforfattare, som med tdlamod introducerat okénda algoritmer.

Amelie Stenqvist— for att du, med ditt positiva och medryckande sitt, introducerade
AMH-databasen.

Ligita Jokubkiene medforfattare, for att du har korrekturlést mina manuscript.

Till mina chefer pa Kvinnokliniken under projektets gang; Goéran Lingman, inte
bara for chefsskap, utan framforallt for oerhort fint och uppmuntrande mentorsskap
under ARG-tiden; Pia Teleman, For din underfundiga humor; Lars Thurn, for att
du godkénde tjanstgoring pa RMC — mot I6fte att jag inte skulle gé over till “andra
sidan”; Andreas Herbst; for att du a/ltid finns dér for dina kollegor; Charlotte
Hellsten, for att du forstod vad jag ville och sag till att mina 6nskemal uppfylldes;
Cecilia Lofgren, for din enastdende lyhordhet och féormaga att f4 dina medarbetare
att viixa — inte bara som kliniker utan ocksa som individer.

90



Margareta Kitlinski, verksamhetsschef vid Reproduktionsmedicinskt centrum.
For att du, tillsammans med Linda och alla fina medarbetare pa RMC, vidlkomnade
mig med 6ppna armar.

Barnmorskor pé ultraljudsavdelningen. Det var ni som fran borjan uppmuntrade mig
att borja med ultraljud. Ett sérskilt tack till Anne-Marie, Christina, Marlene och
Anne, som #gnat manga timmar &t att ldra upp mig och finslipa min
undersokningsteknik. Man kan inte ligga “néstan” i BPD-plan!

Marina, Caroline, Senada, Nassrin, Mona och Annelie. For ert outtréttliga
engagemang i vara patienter och all hjélp i mitt dagliga arbete och forskning.
Stressiga dagar ser ni till att det finns en kopp kaffe och en godsak pa mitt skrivbord.
Vi delar hogt och lagt. Eventuella skrattrynkor skyller jag pa er!

Kollegor pd Kvinnokliniken, som varje dag gor ert yttersta for att ge vara patienter
en god vard. Era fina sms, lappar pé skrivbordet och heja-rop har betytt mycket for
mig under doktorandtiden! Malmos kvinnor &r i goda hénder.

Mina kloka och omtédnksamma rumskompisar Frida och Anna, och rumsgranne
Charlotte - “flickvaninnorna”. Knivskarpa och alltid stéttande, oavsett om det
giller livet, jobbet eller forskningen. Ni inspirerar mig pa alla tdnkbara sétt.

Malin — for restaurangbesdk, samtal, och din formaga att byta perspektiv.

Alla fina véinner, som delar middagar, skratt, vérldspolitik, vardagslogistik,
busungar, tonéringar, handboll, HIT-pass... Det som ér livet!

Teresia — for din omtédnksamhet, insiktsfullhet och eviga stod. Undrar hur ménga
10.000-tals steg vi har gétt under avhandlingens tillblivelse? Om du hade varit min
terapeut hade du blivit miljonir ©).

Eva, som alltid finns didr med en enorm inre styrka. Visst dr vi innerst inne
fortfarande de dir smétjejerna som kiknade av skratt 6ver Einsteins relativitetsteori,
nér vi skulle sdka svaret pa universums gétor?

Pappa — for ditt stod och absoluta tro pa min formaga.
Mormor och morfar — for innerlig och villkorslos kérlek. Jag saknar er sé!

Ebba, Isak, Edvin och Anton - mina dlskade barn. Ni utgér min storsta kélla till
glddje och inspiration. Utan er skulle livet vara olika nyanser av grétt. De allra
finaste som finns. Jag dr sa stolt Over att vara er mamma ¥!

Jonas — mitt livs kérlek och sjélsfrinde. Det gér inte att med ord beskriva vad du
betyder for mig, Du finns alltid dér for familjen, som en stabil klippa att luta sig mot
ndr det stormar. Din formaga att lyssna och uppmuntra mig nér tvivlet gror ar det
som far mig att ta nésta steg. Utan ditt engagemang hade “fritidsforskning” inte varit
mdjlig. Vilken tur att jag har dig!

91



References

10.

11.

12.

13.

14.

15.

92

Bulun SE. Endometriosis. N Engl J Med. 2009;360:268-79.

Bird CC, McElin TW, Manalo-Estrella P. The elusive adenomyosis of the uterus--
revisited. Am J Obstet Gynecol. 1972;112:583-93.

de Ziegler D, Borghese B, Chapron C. Endometriosis and infertility:
pathophysiology and management. Lancet. 2010;376:730-8.

Giudice LC, Kao LC. Endometriosis. Lancet. 2004;364:1789-99.

Upson K, Missmer SA. Epidemiology of Adenomyosis. Semin Reprod Med.
2020;38:89-107.

Sarria-Santamera A, Orazumbekova B, Terzic M, Issanov A, Chaowen C, Asunsolo-
Del-Barco A. Systematic Review and Meta-Analysis of Incidence and Prevalence of
Endometriosis. Healthcare (Basel). 2020;9.

Turocy JM, Benacerraf BR. Transvaginal sonography in the diagnosis of deep
infiltrating endometriosis: A review. J Clin Ultrasound. 2017;45:313-8.

Harmsen MJ, Van den Bosch T, de Leeuw RA, Dueholm M, Exacoustos C, Valentin
L, et al. Consensus on revised definitions of Morphological Uterus Sonographic
Assessment (MUSA) features of adenomyosis: results of modified Delphi procedure.
Ultrasound Obstet Gynecol. 2022;60:118-31.

Jurkovic D. Three-dimensional ultrasound in gynecology: a critical evaluation.
Ultrasound Obstet Gynecol. 2002;19:109-17.

Wong L, White N, Ramkrishna J, Araujo Junior E, Meagher S, Costa Fda S. Three-
dimensional imaging of the uterus: The value of the coronal plane. World J Radiol.
2015;7:484-93.

Tellum T, Nygaard S, Lieng M. Noninvasive Diagnosis of Adenomyosis: A
Structured Review and Meta-analysis of Diagnostic Accuracy in Imaging. J Minim
Invasive Gynecol. 2020;27:408-18 e3.

Harmsen MJ, Trommelen LM, de Leeuw RA, Tellum T, Juffermans LIM, Griffioen
AW, et al. Uterine junctional zone and adenomyosis: comparison of MRI,
transvaginal ultrasound and histology. Ultrasound Obstet Gynecol. 2023;62:42-60.
Farquhar CM, Bhattacharya S, Repping S, Mastenbroek S, Kamath MS,
Marjoribanks J, et al. Female subfertility. Nat Rev Dis Primers. 2019;5:7.

Vander Borght M, Wyns C. Fertility and infertility: Definition and epidemiology.
Clin Biochem. 2018;62:2-10.

Carson SA, Kallen AN. Diagnosis and Management of Infertility: A Review. JAMA.
2021;326:65-76.



16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Macklon NS, Fauser BC. Ovarian reserve. Semin Reprod Med. 2005;23:248-56.

te Velde ER, Pearson PL. The variability of female reproductive ageing. Hum
Reprod Update. 2002;8:141-54.

Homer HA. Understanding oocyte ageing: can we influence the process as
clinicians? Curr Opin Obstet Gynecol. 2021;33:218-24.

Freeman EW, Sammel MD, Lin H, Boorman DW, Gracia CR. Contribution of the
rate of change of antimullerian hormone in estimating time to menopause for late
reproductive-age women. Fertil Steril. 2012;98:1254-9 e1-2.

van Rooij IA, Broekmans FJ, te Velde ER, Fauser BC, Bancsi LF, de Jong FH, et al.
Serum anti-Mullerian hormone levels: a novel measure of ovarian reserve. Hum
Reprod. 2002;17:3065-71.

Nelson SM, Yates RW, Lyall H, Jamieson M, Traynor I, Gaudoin M, et al. Anti-
Mullerian hormone-based approach to controlled ovarian stimulation for assisted
conception. Hum Reprod. 2009;24:867-75.

Weenen C, Laven JS, Von Bergh AR, Cranfield M, Groome NP, Visser JA, et al.
Anti-Mullerian hormone expression pattern in the human ovary: potential
implications for initial and cyclic follicle recruitment. Mol Hum Reprod. 2004;10:77-
83.

Visser JA, Themmen AP. Anti-Mullerian hormone and folliculogenesis. Mol Cell
Endocrinol. 2005;234:81-6.

Moolhuijsen LME, Visser JA. Anti-Mullerian Hormone and Ovarian Reserve:
Update on Assessing Ovarian Function. J Clin Endocrinol Metab. 2020;105.

Bentzen JG, Forman JL, Johannsen TH, Pinborg A, Larsen EC, Andersen AN.
Ovarian antral follicle subclasses and anti-mullerian hormone during normal
reproductive aging. J Clin Endocrinol Metab. 2013;98:1602-11.

van Rooij A, Tonkelaar I, Broekmans FJ, Looman CW, Scheffer GJ, de Jong FH, et
al. Anti-mullerian hormone is a promising predictor for the occurrence of the
menopausal transition. Menopause. 2004;11:601-6.

Lin C, Jing M, Zhu W, Tu X, Chen Q, Wang X, et al. The Value of Anti-Mullerian
Hormone in the Prediction of Spontaneous Pregnancy: A Systematic Review and
Meta-Analysis. Front Endocrinol (Lausanne). 2021;12:695157.

Brodin T, Hadziosmanovic N, Berglund L, Olovsson M, Holte J. Antimullerian
hormone levels are strongly associated with live-birth rates after assisted
reproduction. J Clin Endocrinol Metab. 2013;98:1107-14.

Tal R, Tal O, Seifer BJ, Seifer DB. Antimullerian hormone as predictor of
implantation and clinical pregnancy after assisted conception: a systematic review
and meta-analysis. Fertil Steril. 2015;103:119-30 3.

[liodromiti S, Kelsey TW, Wu O, Anderson RA, Nelson SM. The predictive accuracy
of anti-Mullerian hormone for live birth after assisted conception: a systematic
review and meta-analysis of the literature. Hum Reprod Update. 2014;20:560-70.
Broer SL, Mol B, Dolleman M, Fauser BC, Broekmans FJ. The role of anti-

Mullerian hormone assessment in assisted reproductive technology outcome. Curr
Opin Obstet Gynecol. 2010;22:193-201.

93



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

94

Reichman DE, Goldschlag D, Rosenwaks Z. Value of antimullerian hormone as a
prognostic indicator of in vitro fertilization outcome. Fertil Steril. 2014;101:1012-8
el.

Practice Committee of the American Society for Reproductive Medicine. Electronic
address aao, Practice Committee of the American Society for Reproductive M.
Testing and interpreting measures of ovarian reserve: a committee opinion. Fertil
Steril. 2020;114:1151-7.

Lima ML, Martins WP, Coelho Neto MA, Nastri CO, Ferriani RA, Navarro PA.
Assessment of ovarian reserve by antral follicle count in ovaries with endometrioma.
Ultrasound Obstet Gynecol. 2015;46:239-42.

International working group of Aagl EE, Wes, Tomassetti C, Johnson NP, Petrozza J,
Abrao MS, et al. An International Terminology for Endometriosis, 2021. J Minim
Invasive Gynecol. 2021;28:1849-59.

Campo S, Campo V, Gambadauro P. s a positive family history of endometriosis a
risk factor for endometrioma recurrence after laparoscopic surgery? Reprod Sci.
2014;21:526-31.

Hadfield RM, Mardon HJ, Barlow DH, Kennedy SH. Endometriosis in monozygotic
twins. Fertil Steril. 1997,68:941-2.

Bulun SE. Endometriosis caused by retrograde menstruation: now demonstrated by
DNA evidence. Fertil Steril. 2022;118:535-6.

Burney RO, Giudice LC. Pathogenesis and pathophysiology of endometriosis. Fertil
Steril. 2012;98:511-9.

Sasson IE, Taylor HS. Stem cells and the pathogenesis of endometriosis. Ann N 'Y
Acad Sci. 2008;1127:106-15.

Ferguson BR, Bennington JL, Haber SL. Histochemistry of mucosubstances and
histology of mixed mullerian pelvic lymph node glandular inclusions. Evidence for
histogenesis by mullerian metaplasia of coelomic epithelium. Obstet Gynecol.
1969;33:617-25.

Singh S, Soliman AM, Rahal Y, Robert C, Defoy I, Nisbet P, et al. Prevalence,
Symptomatic Burden, and Diagnosis of Endometriosis in Canada: Cross-Sectional
Survey of 30 000 Women. J Obstet Gynaecol Can. 2020;42:829-38.

Eisenberg VH, Arbib N, Schiff E, Goldenberg M, Seidman DS, Soriano D.
Sonographic Signs of Adenomyosis Are Prevalent in Women Undergoing Surgery
for Endometriosis and May Suggest a Higher Risk of Infertility. Biomed Res Int.
2017:8967803.

Brosens I, Derwig I, Brosens J, Fusi L, Benagiano G, Pijnenborg R. The enigmatic
uterine junctional zone: the missing link between reproductive disorders and major
obstetrical disorders? Hum Reprod. 2010;25:569-74.

Rasmussen CK, Hansen ES, Ernst E, Dueholm M. Two- and three-dimensional
transvaginal ultrasonography for diagnosis of adenomyosis of the inner myometrium.
Reprod Biomed Online. 2019;38:750-60.

Kunz G, Beil D, Huppert P, Noe M, Kissler S, Leyendecker G. Adenomyosis in
endometriosis--prevalence and impact on fertility. Evidence from magnetic
resonance imaging. Hum Reprod. 2005;20:2309-16.



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Kunz G, Beil D, Huppert P, Leyendecker G. Structural abnormalities of the uterine
wall in women with endometriosis and infertility visualized by vaginal sonography
and magnetic resonance imaging. Hum Reprod. 2000;15:76-82.

Kitawaki J. Adenomyosis: the pathophysiology of an oestrogen-dependent disease.
Best Pract Res Clin Obstet Gynaecol. 2006;20:493-502.

Guzel Al Akselim B, Erkilinc S, Kokanali K, Tokmak A, Dolmus B, et al. Risk
factors for adenomyosis, leiomyoma and concurrent adenomyosis and leiomyoma. J
Obstet Gynaecol Res. 2015;41:932-7.

Curtis KM, Hillis SD, Marchbanks PA, Peterson HB. Disruption of the endometrial-
myometrial border during pregnancy as a risk factor for adenomyosis. Am J Obstet
Gynecol. 2002;187:543-4.

Levgur M, Abadi MA, Tucker A. Adenomyosis: symptoms, histology, and
pregnancy terminations. Obstet Gynecol. 2000;95:688-91.

Leyendecker G, Wildt L. A new concept of endometriosis and adenomyosis: tissue
injury and repair (TIAR). Horm Mol Biol Clin Investig. 2011;5:125-42.

Leyendecker G, Wildt L, Mall G. The pathophysiology of endometriosis and
adenomyosis: tissue injury and repair. Arch Gynecol Obstet. 2009;280:529-38.

Guo SW. The Pathogenesis of Adenomyosis vis-a-vis Endometriosis. J Clin Med.
2020:9.

Gargett CE. Uterine stem cells: what is the evidence? Hum Reprod Update.
2007;13:87-101.

Bergeron C, Amant F, Ferenczy A. Pathology and physiopathology of adenomyosis.
Best Pract Res Clin Obstet Gynaecol. 2006;20:511-21.

Naftalin J, Hoo W, Pateman K, Mavrelos D, Holland T, Jurkovic D. How common is
adenomyosis? A prospective study of prevalence using transvaginal ultrasound in a
gynaecology clinic. Hum Reprod. 2012;27:3432-9.

Macer ML, Taylor HS. Endometriosis and infertility: a review of the pathogenesis
and treatment of endometriosis-associated infertility. Obstet Gynecol Clin North Am.
2012;39:535-49.

Practice Committee of the American Society for Reproductive M. Endometriosis and
infertility: a committee opinion. Fertil Steril. 2012;98:591-8.

Akande VA, Hunt LP, Cahill DJ, Jenkins JM. Differences in time to natural
conception between women with unexplained infertility and infertile women with
minor endometriosis. Hum Reprod. 2004;19:96-103.

Campo S, Campo V, Benagiano G. Adenomyosis and infertility. Reprod Biomed
Online. 2012;24:35-46.

Barrier BF, Malinowski MJ, Dick EJ, Jr., Hubbard GB, Bates GW. Adenomyosis in
the baboon is associated with primary infertility. Fertil Steril. 2004;82 Suppl 3:1091-
4.

Horton J, Sterrenburg M, Lane S, Maheshwari A, Li TC, Cheong Y. Reproductive,
obstetric, and perinatal outcomes of women with adenomyosis and endometriosis: a
systematic review and meta-analysis. Hum Reprod Update. 2019;25:592-632.

95



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

96

Hashimoto A, Iriyama T, Sayama S, Nakayama T, Komatsu A, Miyauchi A, et al.
Adenomyosis and adverse perinatal outcomes: increased risk of second trimester
miscarriage, preeclampsia, and placental malposition. ] Matern Fetal Neonatal Med.
2018;31:364-9.

Vercellini P, Vigano P, Bandini V, Buggio L, Berlanda N, Somigliana E. Association
of endometriosis and adenomyosis with pregnancy and infertility. Fertil Steril.
2023;119:727-40.

Bruun MR, Arendt LH, Forman A, Ramlau-Hansen CH. Endometriosis and
adenomyosis are associated with increased risk of preterm delivery and a small-for-
gestational-age child: a systematic review and meta-analysis. Acta Obstet Gynecol
Scand. 2018;97:1073-90.

Mavrelos D, Holland TK, O'Donovan O, Khalil M, Ploumpidis G, Jurkovic D, et al.
The impact of adenomyosis on the outcome of IVF-embryo transfer. Reprod Biomed
Online. 2017;35:549-54.

Thalluri V, Tremellen KP. Ultrasound diagnosed adenomyosis has a negative impact
on successful implantation following GnRH antagonist IVF treatment. Hum Reprod.
2012;27:3487-92.

Barnhart K, Dunsmoor-Su R, Coutifaris C. Effect of endometriosis on in vitro
fertilization. Fertil Steril. 2002;77:1148-55.

Kuivasaari P, Hippelainen M, Anttila M, Heinonen S. Effect of endometriosis on
IVF/ICSI outcome: stage III/IV endometriosis worsens cumulative pregnancy and
live-born rates. Hum Reprod. 2005;20:3130-5.

Muteshi CM, Ohuma EQO, Child T, Becker CM. The effect of endometriosis on live
birth rate and other reproductive outcomes in ART cycles: a cohort study. Hum
Reprod Open. 2018;2018:hoy016.

Higgins C, Fernandes H, Da Silva Costa F, Martins WP, Vollenhoven B, Healey M.
The impact of adenomyosis on IVF outcomes: a prospective cohort study. Hum
Reprod Open. 2021;2021:hoab015.

Hamdan M, Dunselman G, Li TC, Cheong Y. The impact of endometrioma on
IVE/ICSI outcomes: a systematic review and meta-analysis. Hum Reprod Update.
2015;21:809-25.

Vigano P, Reschini M, Ciaffaglione M, Cuce V, Casalechi M, Benaglia L, et al.
Conventional IVF performs similarly in women with and without endometriosis. J
Assist Reprod Genet. 2023;40:599-607.

QuH,DuY, YuY, Wang M, Han T, Yan L. The effect of endometriosis on
IVF/ICSI and perinatal outcome: A systematic review and meta-analysis. J Gynecol
Obstet Hum Reprod. 2022;51:102446.

Maheshwari A, Gurunath S, Fatima F, Bhattacharya S. Adenomyosis and subfertility:
a systematic review of prevalence, diagnosis, treatment and fertility outcomes. Hum
Reprod Update. 2012;18:374-92.

Wang XL, Xu ZW, Huang YY, Lin S, Lyu GR. Different subtypes of ultrasound-
diagnosed adenomyosis and in vitro fertilization outcomes: A systematic review and
meta-analysis. Acta Obstet Gynecol Scand. 2023;102:657-68.



78.

79.

80.

81.

82.

83.

&4.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Tanbo T, Fedorcsak P. Endometriosis-associated infertility: aspects of
pathophysiological mechanisms and treatment options. Acta Obstet Gynecol Scand.
2017;96:659-67.

Homer HA. Effects of endometriosis on in vitro fertilisation - Myth or reality? Aust
N Z J Obstet Gynaecol. 2023;63:3-5.

Bulun SE, Yildiz S, Adli M, Chakravarti D, Parker JB, Milad M, et al. Endometriosis
and adenomyosis: shared pathophysiology. Fertil Steril. 2023;119:746-50.

Bulun SE, Cheng YH, Pavone ME, Xue Q, Attar E, Trukhacheva E, et al. Estrogen
receptor-beta, estrogen receptor-alpha, and progesterone resistance in endometriosis.
Semin Reprod Med. 2010;28:36-43.

Harada T, Khine YM, Kaponis A, Nikellis T, Decavalas G, Taniguchi F. The Impact
of Adenomyosis on Women's Fertility. Obstet Gynecol Surv. 2016;71:557-68.

Broi MGD, Ferriani RA, Navarro PA. Ethiopathogenic mechanisms of
endometriosis-related infertility. JBRA Assist Reprod. 2019;23:273-80.

Vercellini P, Vigano P, Somigliana E, Fedele L. Endometriosis: pathogenesis and
treatment. Nat Rev Endocrinol. 2014;10:261-75.

Takahashi K, Nagata H, Kitao M. Clinical usefulness of determination of estradiol
level in the menstrual blood for patients with endometriosis. Nihon Sanka Fujinka
Gakkai Zasshi. 1989;41:1849-50.

Urabe M, Yamamoto T, Kitawaki J, Honjo H, Okada H. Estrogen biosynthesis in
human uterine adenomyosis. Acta Endocrinol (Copenh). 1989;121:259-64.

Cozzolino M, Alsbjerg B, Pellicer A, Garcia-Velasco JA, Humaidan P. The
adenomyosis/endometriosis IVF patient - call for clinical focus. Reprod Biomed
Online. 2023;48:103737.

Humaidan P, Garcia Velasco JA, Cozzolino M. Local intraendometrial estrogen
biosynthesis leading to progesterone resistance impacts implantation in adenomyosis
and endometriosis. Fertil Steril. 2023;120:927.

Leyendecker G, Kunz G, Wildt L, Beil D, Deininger H. Uterine hyperperistalsis and
dysperistalsis as dysfunctions of the mechanism of rapid sperm transport in patients
with endometriosis and infertility. Hum Reprod. 1996;11:1542-51.

Buggio L, Dridi D, Barbara G. Adenomyosis: Impact on Fertility and Obstetric
Outcomes. Reprod Sci. 2021;28:3081-4.

Zanatta A, Rocha AM, Carvalho FM, Pereira RM, Taylor HS, Motta EL, et al. The
role of the Hoxal0/HOXA10 gene in the etiology of endometriosis and its related
infertility: a review. J Assist Reprod Genet. 2010;27:701-10.

Fischer CP, Kayisili U, Taylor HS. HOXA10 expression is decreased in
endometrium of women with adenomyosis. Fertil Steril. 2011;95:1133-6.

Cahill DJ, Hull MG. Pituitary-ovarian dysfunction and endometriosis. Hum Reprod
Update. 2000;6:56-66.

Uncu G, Kasapoglu I, Ozerkan K, Seyhan A, Oral Yilmaztepe A, Ata B. Prospective
assessment of the impact of endometriomas and their removal on ovarian reserve and
determinants of the rate of decline in ovarian reserve. Hum Reprod. 2013;28:2140-5.

97



95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

98

Kasapoglu I, Ata B, Uyaniklar O, Seyhan A, Orhan A, Yildiz Oguz S, et al.
Endometrioma-related reduction in ovarian reserve (ERROR): a prospective
longitudinal study. Fertil Steril. 2018;110:122-7.

Tan Z, Gong X, Wang CC, Zhang T, Huang J. Diminished Ovarian Reserve in
Endometriosis: Insights from In Vitro, In Vivo, and Human Studies-A Systematic
Review. Int J Mol Sci. 2023;24.

Miravet-Valenciano J, Ruiz-Alonso M, Gomez E, Garcia-Velasco JA. Endometrial
receptivity in eutopic endometrium in patients with endometriosis: it is not affected,
and let me show you why. Fertil Steril. 2017;108:28-31.

Pellicer A, Oliveira N, Ruiz A, Remohi J, Simon C. Exploring the mechanism(s) of
endometriosis-related infertility: an analysis of embryo development and
implantation in assisted reproduction. Hum Reprod. 1995;10 Suppl 2:91-7.

Garrido N, Navarro J, Garcia-Velasco J, Remoh J, Pellice A, Simon C. The
endometrium versus embryonic quality in endometriosis-related infertility. Hum
Reprod Update. 2002;8:95-103.

Sarapik A, Haller-Kikkatalo K, Utt M, Teesalu K, Salumets A, Uibo R. Serum anti-
endometrial antibodies in infertile women - potential risk factor for implantation
failure. Am J Reprod Immunol. 2010;63:349-57.

Harmsen MJ, Wong CFC, Mijatovic V, Griffioen AW, Groenman F, Hehenkamp
WIK, et al. Role of angiogenesis in adenomyosis-associated abnormal uterine
bleeding and subfertility: a systematic review. Hum Reprod Update. 2019;25:647-71.

Wahl KJ, Orr NL, Lisonek M, Noga H, Bedaiwy MA, Williams C, et al. Deep
Dyspareunia, Superficial Dyspareunia, and Infertility Concerns Among Women With
Endometriosis: A Cross-Sectional Study. Sex Med. 2020;8:274-81.

Missmer SA, Tu FF, Agarwal SK, Chapron C, Soliman AM, Chiuve S, et al. Impact
of Endometriosis on Life-Course Potential: A Narrative Review. Int J] Gen Med.
2021;14:9-25.

Seidman JD, Kjerulff KH. Pathologic findings from the Maryland Women's Health

Study: practice patterns in the diagnosis of adenomyosis. Int J Gynecol Pathol.
1996;15:217-21.

Liu Z, Guo Y, Pan X, Liu G, Yang X. Histopathological characteristics of
adenomyosis: structure and microstructure. Histol Histopathol. 2023;38:1099-107.

Hornstein MD, Gleason RE, Orav J, Haas ST, Friedman AJ, Rein MS, et al. The
reproducibility of the revised American Fertility Society classification of
endometriosis. Fertil Steril. 1993;59:1015-21.

Buchweitz O, Wulfing P, Malik E. Interobserver variability in the diagnosis of
minimal and mild endometriosis. Eur J Obstet Gynecol Reprod Biol. 2005;122:213-
7.

Weijenborg PT, ter Kuile MM, Jansen FW. Intraobserver and interobserver reliability
of videotaped laparoscopy evaluations for endometriosis and adhesions. Fertil Steril.
2007,87:373-80.



109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Koninckx PR, Meuleman C, Demeyere S, Lesaffre E, Cornillie FJ. Suggestive
evidence that pelvic endometriosis is a progressive disease, whereas deeply
infiltrating endometriosis is associated with pelvic pain. Fertil Steril. 1991;55:759-
65.

Wiegerinck MA, Van Dop PA, Brosens IA. The staging of peritoneal endometriosis
by the type of active lesion in addition to the revised American Fertility Society
classification. Fertil Steril. 1993;60:461-4.

Johnson NP, Hummelshoj L, Adamson GD, Keckstein J, Taylor HS, Abrao MS, et
al. World Endometriosis Society consensus on the classification of endometriosis.
Hum Reprod. 2017;32:315-24.

Adamson GD, Pasta DJ. Endometriosis fertility index: the new, validated
endometriosis staging system. Fertil Steril. 2010;94:1609-15.

Keckstein J, Saridogan E, Ulrich UA, Sillem M, Oppelt P, Schweppe KW, et al. The
#Enzian classification: A comprehensive non-invasive and surgical description
system for endometriosis. Acta Obstet Gynecol Scand. 2021;100:1165-75.

Chapron C, Vannuccini S, Santulli P, Abrao MS, Carmona F, Fraser IS, et al.
Diagnosing adenomyosis: an integrated clinical and imaging approach. Hum Reprod
Update. 2020;26:392-411.

Guerriero S, Saba L, Pascual MA, Ajossa S, Rodriguez [, Mais V, et al. Transvaginal
ultrasound vs magnetic resonance imaging for diagnosing deep infiltrating
endometriosis: systematic review and meta-analysis. Ultrasound Obstet Gynecol.
2018;51:586-95.

Hottat N, Larrousse C, Anaf V, Noel JC, Matos C, Absil J, et al. Endometriosis:
contribution of 3.0-T pelvic MR imaging in preoperative assessment--initial results.
Radiology. 2009;253:126-34.

Exacoustos C, Manganaro L, Zupi E. Imaging for the evaluation of endometriosis
and adenomyosis. Best Pract Res Clin Obstet Gynaecol. 2014;28:655-81.

Guerriero S, Ajossa S, Minguez JA, Jurado M, Mais V, Melis GB, et al. Accuracy of
transvaginal ultrasound for diagnosis of deep endometriosis in uterosacral ligaments,
rectovaginal septum, vagina and bladder: systematic review and meta-analysis.
Ultrasound Obstet Gynecol. 2015;46:534-45.

Guerriero S, Ajossa S, Orozco R, Perniciano M, Jurado M, Melis GB, et al. Accuracy
of transvaginal ultrasound for diagnosis of deep endometriosis in the rectosigmoid:
systematic review and meta-analysis. Ultrasound Obstet Gynecol. 2016;47:281-9.
Okaro E, Condous G, Khalid A, Timmerman D, Ameye L, Huffel SV, et al. The use
of ultrasound-based 'soft markers' for the prediction of pelvic pathology in women

with chronic pelvic pain--can we reduce the need for laparoscopy? BJOG.
2006;113:251-6.

Reid S, Condous G. Transvaginal sonographic sliding sign: accurate prediction of
pouch of Douglas obliteration. Ultrasound Obstet Gynecol. 2013;41:605-7.

Leonardi M, Robledo KP, Espada M, Vanza K, Condous G. SonoPODography: A
new diagnostic technique for visualizing superficial endometriosis. Eur J Obstet
Gynecol Reprod Biol. 2020;254:124-31.

99



123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

100

Van Holsbeke C, Van Calster B, Guerriero S, Savelli L, Paladini D, Lissoni AA, et
al. Endometriomas: their ultrasound characteristics. Ultrasound Obstet Gynecol.
2010,;35:730-40.

Guerriero S, Condous G, van den Bosch T, Valentin L, Leone FP, Van Schoubroeck
D, et al. Systematic approach to sonographic evaluation of the pelvis in women with
suspected endometriosis, including terms, definitions and measurements: a consensus
opinion from the International Deep Endometriosis Analysis (IDEA) group.
Ultrasound Obstet Gynecol. 2016;48:318-32.

Leonardi M, Uzuner C, Mestdagh W, Lu C, Guerriero S, Zajicek M, et al. Diagnostic
accuracy of transvaginal ultrasound for detection of endometriosis using International
Deep Endometriosis Analysis (IDEA) approach: prospective international pilot study.
Ultrasound Obstet Gynecol. 2022;60:404-13.

Goncalves MO, Siufi Neto J, Andres MP, Siufi D, de Mattos LA, Abrao MS.
Systematic evaluation of endometriosis by transvaginal ultrasound can accurately
replace diagnostic laparoscopy, mainly for deep and ovarian endometriosis. Hum
Reprod. 2021;36:1492-500.

Andres MP, Borrelli GM, Ribeiro J, Baracat EC, Abrao MS, Kho RM. Transvaginal
Ultrasound for the Diagnosis of Adenomyosis: Systematic Review and Meta-
Analysis. J Minim Invasive Gynecol. 2018;25:257-64.

Van den Bosch T, de Bruijn AM, de Leeuw RA, Dueholm M, Exacoustos C,
Valentin L, et al. Sonographic classification and reporting system for diagnosing
adenomyosis. Ultrasound Obstet Gynecol. 2019;53:576-82.

Liu L, Li W, Leonardi M, Condous G, Da Silva Costa F, Mol BW, et al. Diagnostic
Accuracy of Transvaginal Ultrasound and Magnetic Resonance Imaging for
Adenomyosis: Systematic Review and Meta-Analysis and Review of Sonographic
Diagnostic Criteria. J Ultrasound Med. 2021;40:2289-306.

Exacoustos C, Brienza L, Di Giovanni A, Szabolcs B, Romanini ME, Zupi E, et al.
Adenomyosis: three-dimensional sonographic findings of the junctional zone and
correlation with histology. Ultrasound Obstet Gynecol. 2011;37:471-9.

Van den Bosch T, Dueholm M, Leone FP, Valentin L, Rasmussen CK, Votino A, et
al. Terms, definitions and measurements to describe sonographic features of
myometrium and uterine masses: a consensus opinion from the Morphological
Uterus Sonographic Assessment (MUSA) group. Ultrasound Obstet Gynecol.
2015;46:284-98.

Liu S, Xie Y, Li F, Jin L. Effectiveness of ultra-long protocol on in vitro
fertilization/intracytoplasmic sperm injection-embryo transfer outcome in infertile
women with endometriosis: A systematic review and meta-analysis of randomized
controlled trials. J Obstet Gynaecol Res. 2021;47:1232-42.

Becker CM, Bokor A, Heikinheimo O, Horne A, Jansen F, Kiesel L, et al. ESHRE
guideline: endometriosis. Hum Reprod Open. 2022;2022:hoac009.

Bi Q, Goodman KE, Kaminsky J, Lessler J. What is Machine Learning? A Primer for
the Epidemiologist. Am J Epidemiol. 2019;188:2222-39.

Sidey-Gibbons JAM, Sidey-Gibbons CJ. Machine learning in medicine: a practical
introduction. BMC Med Res Methodol. 2019;19:64.



136.

137.

138.

139.
140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

Goyal A, Kuchana M, Ayyagari KPR. Machine learning predicts live-birth
occurrence before in-vitro fertilization treatment. Sci Rep. 2020;10:20925.

Bendifallah S, Puchar A, Suisse S, Delbos L, Poilblanc M, Descamps P, et al.
Machine learning algorithms as new screening approach for patients with
endometriosis. Sci Rep. 2022;12:639.

Chen T GC. XGBoost: a scalable tree boosting system. The International Conference
on Knowledge Discovery and Data Mining. 2016:785-94.

Youden WJ. Index for rating diagnostic tests. Cancer. 1950;3.1:32-5.

La Marca A, Sighinolfi G, Radi D, Argento C, Baraldi E, Artenisio AC, et al. Anti-
Mullerian hormone (AMH) as a predictive marker in assisted reproductive
technology (ART). Hum Reprod Update. 2010;16:113-30.

Arce JC, La Marca A, Mirner Klein B, Nyboe Andersen A, Fleming R.
Antimullerian hormone in gonadotropin releasing-hormone antagonist cycles:
prediction of ovarian response and cumulative treatment outcome in good-prognosis
patients. Fertil Steril. 2013;99:1644-53.

Maheshwari A, McLernon D, Bhattacharya S. Cumulative live birth rate: time for a
consensus? Hum Reprod. 2015;30:2703-7.

Biasoni V, Patriarca A, Dalmasso P, Bertagna A, Manieri C, Benedetto C, et al.
Ovarian sensitivity index is strongly related to circulating AMH and may be used to
predict ovarian response to exogenous gonadotropins in IVF. Reprod Biol
Endocrinol. 2011;9:112.

Li HW, Lee VC, Ho PC, Ng EH. Ovarian sensitivity index is a better measure of
ovarian responsiveness to gonadotrophin stimulation than the number of oocytes
during in-vitro fertilization treatment. J Assist Reprod Genet. 2014;31(2):199-203.

Holland TK, Yazbek J, Cutner A, Saridogan E, Hoo WL, Jurkovic D. Value of
transvaginal ultrasound in assessing severity of pelvic endometriosis. Ultrasound
Obstet Gynecol. 2010;36:241-8.

Ghezzi F, Raio L, Cromi A, Duwe DG, Beretta P, Buttarelli M, et al. "Kissing
ovaries": a sonographic sign of moderate to severe endometriosis. Fertil Steril.
2005;83:143-7.

Alson S, Jokubkiene L, Henic E, Sladkevicius P. Prevalence of adenomyosis features
in women scheduled for assisted reproductive treatment, using the Morphological
Uterus Sonographic Assessment group definitions. Acta Obstet Gynecol Scand.
2024. doi: 10.1111/a0gs.14812.

Ovarian Stimulation T, Bosch E, Broer S, Griesinger G, Grynberg M, Humaidan P, et
al. ESHRE guideline: ovarian stimulation for [VF/ICSI(dagger). Hum Reprod Open.
2020;2020:hoaa009.

Gardner DK, Schoolcraft WB. Culture and transfer of human blastocysts. Curr Opin
Obstet Gynecol. 1999;11:307-11.

Saldeen P, Sundstrom P. Would legislation imposing single embryo transfer be a
feasible way to reduce the rate of multiple pregnancies after IVF treatment? Hum
Reprod. 2005;20:4-8.

101



151.

152.

153.

154.

155.
156.

157.

158.

159.

160.

161.

162.

163.

164.

102

Takuya Akiba SS, Toshihiko Yanase, Takeru Ohta, and Masanori Koyama. . Optuna:
A Next-generation Hyperparameter Optimization Framework. In Proceedings of the
25th ACM SIGKDD International Conference on Knowledge Discovery & Data
Mining (KDD '19) Association for Computing Machinery, New York, NY, USA.
2019:2623-31.

Bergstra J, Bengio Y, Louradour J. Suitability of V1 energy models for object
classification. Neural Comput. 2011;23:774-90.

Lundberg SM LS-I. A unified approach to interpreting model predictions.
Proceedings of the 31st international conference on neural information processing
systems; Long Beach, California, USA: Curran Associates Inc 2017: p. 4768-77.

Singh Chawla D. Big names in statistics want to shake up much-maligned P value.
Nature. 2017;548:16-7.

Youden WJ. Index for rating diagnostic tests. Cancer. 1950;3:32-5.

Association WM. World Medical Association Declaration of Helsinki: Ethical
Principles for Medical Research Involving Human Subjects. JAMA. 2013;310:2191-
4,

Nelson SM, Yates RW, Fleming R. Serum anti-Mullerian hormone and FSH:
prediction of live birth and extremes of response in stimulated cycles--implications
for individualization of therapy. Hum Reprod. 2007;22:2414-21.

La Marca A, Nelson SM, Sighinolfi G, Manno M, Baraldi E, Roli L, et al. Anti-
Mullerian hormone-based prediction model for a live birth in assisted reproduction.
Reprod Biomed Online. 2011;22:341-9.

Lee TH, Liu CH, Huang CC, Hsieh KC, Lin PM, Lee MS. Impact of female age and
male infertility on ovarian reserve markers to predict outcome of assisted
reproduction technology cycles. Reprod Biol Endocrinol. 2009;7:100.

Hamdine O, Eijkemans MJC, Lentjes EGW, Torrance HL, Macklon NS, Fauser B, et
al. Antimullerian hormone: prediction of cumulative live birth in gonadotropin-
releasing hormone antagonist treatment for in vitro fertilization. Fertil Steril.
2015;104:891-8 e2.

Leijdekkers JA, Eijkemans MJC, van Tilborg TC, Oudshoorn SC, McLernon DJ,
Bhattacharya S, et al. Predicting the cumulative chance of live birth over multiple
complete cycles of in vitro fertilization: an external validation study. Hum Reprod.
2018;33:1684-95.

Broer SL, van Disseldorp J, Broeze KA, Dolleman M, Opmeer BC, Bossuyt P, et al.
Added value of ovarian reserve testing on patient characteristics in the prediction of
ovarian response and ongoing pregnancy: an individual patient data approach. Hum
Reprod Update. 2013;19:26-36.

Peigne M, Bernard V, Dijols L, Creux H, Robin G, Hocke C, et al. Using serum anti-
Mullerian hormone levels to predict the chance of live birth after spontaneous or

assisted conception: a systematic review and meta-analysis. Hum Reprod.
2023;38:1789-806.

Moss KM, Doust J, Homer H, Rowlands 1J, Hockey R, Mishra GD. Delayed
diagnosis of endometriosis disadvantages women in ART: a retrospective population
linked data study. Hum Reprod. 2021;36:3074-82.



165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

Chapron C, Marcellin L, Borghese B, Santulli P. Rethinking mechanisms, diagnosis
and management of endometriosis. Nat Rev Endocrinol. 2019;15:666-82.

Bhattacharya S, Maheshwari A, Ratna MB, van Eekelen R, Mol BW, McLernon DJ.
Prioritizing IVF treatment in the post-COVID 19 era: a predictive modelling study
based on UK national data. Hum Reprod. 2021;36:666-75.

Soliman AM, Coyne KS, Zaiser E, Castelli-Haley J, Fuldeore MJ. The burden of
endometriosis symptoms on health-related quality of life in women in the United
States: a cross-sectional study. J Psychosom Obstet Gynaecol. 2017;38:238-48.

Knez J, Bean E, Nijjar S, Tellum T, Chaggar P, Jurkovic D. Natural progression of
deep pelvic endometriosis in women who opt for expectant management. Acta Obstet
Gynecol Scand. 2023;102:1298-305.

Knez J, Bean E, Nijjar S, Mavrelos D, Jurkovic D. Ultrasound study of natural
progression of ovarian endometriomas. Ultrasound Obstet Gynecol. 2024. doi:
10.1002/u0g.27607.

Senapati S, Sammel MD, Morse C, Barnhart KT. Impact of endometriosis on in vitro
fertilization outcomes: an evaluation of the Society for Assisted Reproductive
Technologies Database. Fertil Steril. 2016;106:164-71 el.

Hamdan M, Omar SZ, Dunselman G, Cheong Y. Influence of endometriosis on
assisted reproductive technology outcomes: a systematic review and meta-analysis.
Obstet Gynecol. 2015;125:79-88.

Alshehre SM, Narice BF, Fenwick MA, Metwally M. The impact of endometrioma
on in vitro fertilisation/intra-cytoplasmic injection IVF/ICSI reproductive outcomes:
a systematic review and meta-analysis. Arch Gynecol Obstet. 2021;303:3-16.

Revised American Society for Reproductive Medicine classification of
endometriosis: 1996. Fertil Steril. 1997;67:817-21.

Opoien HK, Fedorcsak P, Omland AK, Abyholm T, Bjercke S, Ertzeid G, et al. In
vitro fertilization is a successful treatment in endometriosis-associated infertility.
Fertil Steril. 2012;97:912-8.

Tuominen A, Saavalainen L, Niinimaki M, Gissler M, But A, Harkki P, et al. First
live birth before surgical verification of endometriosis-a nationwide register study of
18 324 women. Hum Reprod. 2023;38:1520-8.

Romanski PA, Brady PC, Farland LV, Thomas AM, Hornstein MD. The effect of
endometriosis on the antimullerian hormone level in the infertile population. J Assist
Reprod Genet. 2019;36:1179-84.

Hwu YM, Wu FS, Li SH, Sun FJ, Lin MH, Lee RK. The impact of endometrioma
and laparoscopic cystectomy on serum anti-Mullerian hormone levels. Reprod Biol
Endocrinol. 2011;9:80.

Yilmaz Hanege B, Guler Cekic S, Ata B. Endometrioma and ovarian reserve: effects
of endometriomata per se and its surgical treatment on the ovarian reserve. Facts
Views Vis Obgyn. 2019;11:151-7.

Sanchez AM, Vigano P, Somigliana E, Panina-Bordignon P, Vercellini P, Candiani
M. The distinguishing cellular and molecular features of the endometriotic ovarian

cyst: from pathophysiology to the potential endometrioma-mediated damage to the

ovary. Hum Reprod Update. 2014;20:217-30.

103



180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

104

Shapiro BS, Daneshmand ST, Garner FC, Aguirre M, Hudson C. Clinical rationale
for cryopreservation of entire embryo cohorts in lieu of fresh transfer. Fertil Steril.
2014;102:3-9.

Bourdon M, Santulli P, Maignien C, Gayet V, Pocate-Cheriet K, Marcellin L, et al.
The deferred embryo transfer strategy improves cumulative pregnancy rates in
endometriosis-related infertility: A retrospective matched cohort study. PLoS One.
2018;13:e0194800.

Alsbjerg B, Kesmodel US, Humaidan P. Endometriosis patients benefit from high
serum progesterone in hormone replacement therapy-frozen embryo transfer cycles: a
cohort study. Reprod Biomed Online. 2023;46:92-8.

Benaglia L, Cardellicchio L, Leonardi M, Faulisi S, Vercellini P, Paffoni A, et al.
Asymptomatic adenomyosis and embryo implantation in IVF cycles. Reprod Biomed
Online. 2014;29:606-11.

Costello MF, Lindsay K, McNally G. The effect of adenomyosis on in vitro
fertilisation and intra-cytoplasmic sperm injection treatment outcome. Eur J Obstet
Gynecol Reprod Biol. 2011;158:229-34.

Cozzolino M, Cosentino M, Loiudice L, Martire FG, Galliano D, Pellicer A, et al.
Impact of adenomyosis on in vitro fertilization outcomes in women undergoing
donor oocyte transfers: a prospective observational study. Fertil Steril. 2024;121:480-
488.

Dason ES, Maxim M, Hartman A, Li Q, Kanji S, Li T, et al. Pregnancy outcomes
with donor oocyte embryos in patients diagnosed with adenomyosis using the
Morphological Uterus Sonographic Assessment criteria. Fertil Steril. 2023;119:484-
9.

Cozzolino M, Tartaglia S, Pellegrini L, Troiano G, Rizzo G, Petraglia F. The Effect
of Uterine Adenomyosis on IVF Outcomes: a Systematic Review and Meta-analysis.
Reprod Sci. 2022;29:3177-93.

Younes G, Tulandi T. Effects of adenomyosis on in vitro fertilization treatment
outcomes: a meta-analysis. Fertil Steril. 2017;108:483-90 e3.

Salim R, Riris S, Saab W, Abramov B, Khadum I, Serhal P. Adenomyosis reduces

pregnancy rates in infertile women undergoing IVF. Reprod Biomed Online.
2012;25:273-17.

Dueholm M. Uterine adenomyosis and infertility, review of reproductive outcome
after in vitro fertilization and surgery. Acta Obstet Gynecol Scand. 2017;96:715-26.

Wang Y, Yi YC, Guu HF, Chen YF, Kung HF, Chang JC, et al. Impact of
adenomyosis and endometriosis on [VF/ICSI pregnancy outcome in patients
undergoing gonadotropin-releasing hormone agonist treatment and frozen embryo
transfer. Sci Rep. 2023;13:6741.

Wang S, Duan H. The role of the junctional zone in the management of adenomyosis
with infertility. Front Endocrinol (Lausanne). 2023;14:1246819.

Barbanti C, Centini G, Lazzeri L, Habib N, Labanca L, Zupi E, et al. Adenomyosis
and infertility: the role of the junctional zone. Gynecol Endocrinol. 2021:1-7.



194. Maubon A, Faury A, Kapella M, Pouquet M, Piver P. Uterine junctional zone at
magnetic resonance imaging: a predictor of in vitro fertilization implantation failure.
J Obstet Gynaecol Res. 2010;36:611-8.

195. Larsen SB, Lundorf E, Forman A, Dueholm M. Adenomyosis and junctional zone
changes in patients with endometriosis. Eur J Obstet Gynecol Reprod Biol.
2011;157:206-11.

196. Protopapas A, Grimbizis G, Athanasiou S, Loutradis D. Adenomyosis: Disease,
uterine aging process leading to symptoms, or both? Facts Views Vis Obgyn.
2020;12:91-104.

197. Kunz G, Herbertz M, Beil D, Huppert P, Leyendecker G. Adenomyosis as a disorder
of the early and late human reproductive period. Reprod Biomed Online.
2007;15:681-5.

198. Zaren P, Alson S, Henic E, Bungum M, Giwercman A. Interaction between serum
levels of Anti-Mullerian Hormone and the degree of sperm DNA fragmentation
measured by sperm chromatin structure assay can be a predictor for the outcome of
standard in vitro fertilization. PLoS One. 2019;14:¢0220909.

199. La Marca A, Broekmans FJ, Volpe A, Fauser BC, Macklon NS, Table ESIGfRE--
AR. Anti-Mullerian hormone (AMH): what do we still need to know? Hum Reprod.
2009;24:2264-75.

200. Ibiebele I, Nippita T, Baber R, Torvaldsen S. Pregnancy outcomes in women with
endometriosis and/or ART use: a population-based cohort study. Hum Reprod.
2022;37:2350-8.

201. Nirgianakis K, Kalaitzopoulos DR, Schwartz ASK, Spaanderman M, Kramer BW,
Mueller MD, et al. Fertility, pregnancy and neonatal outcomes of patients with

adenomyosis: a systematic review and meta-analysis. Reprod Biomed Online.
2021;42:185-206.

105












Om ja, vilken?

1. Anvénder du hormonbehandling/preventivmedel? Ja Nej
Hur lange har du anvént denna behandling?
2. Har du anvént hormonbehandling/preventivmedel Ja Nej

tidigare?

Om ja, vilken behandling anvénde du senast?

Nér slutade du med senaste behandlingen:

Hur l&nge har du anvant senaste behandlingen:

Ange andra hormonbehandlingar som du har anvant, samt hur lange du anvande dem:

Skatta dina besvar i frdgorna nedan genom att markera med ett streck pa linjen, t.ex.

3. Har du ont vid mens? Ja Nej

Utan hormonbehandling

Ingen
Med hormonbehandling

Maximalt

Ingen

4. Har du ont i magen eller i backenet?  Ja Nej

Hur ofta har du ont i magen? Varje dag 1-3 gar/v

Utan hormonbehandling

Maximalt

1-3 ggr/man

Maximalt

Ingen
Med hormonbehandling
Ingen

Maximalt

5. Har du ont vid samlag? Ja Nej

Var har du ont vid Vid slidéppningen  Djup smarta
samlag?
Utan hormonbehandling

Ingen

Annat:

Maximalt

Med hormonbehandling
Ingen

Maximalt




6. Har du ont nar du kissar? Ja Nej

Om ja, nér har du ont? Bara vid mens Ej mensrelaterat Alltid
Utan hormonbehandling

Ingen Maximalt
Med hormonbehandling

Ingen Maximalt
Har du haft blod i urinen? Ja Nej
Om ja, nér har du haft blod i urinen?  Bara vid mens Ej mensrelatetat
7. Har du ont nar du bajsar?  Ja Nej
Om ja, nér har du ont nér du bajsar?  Bara vid mens Ej mensrelaterat Alltid
Utan hormonbehandling

Ingen Maximalt
Med hormonbehandling

Ingen Maximalt
Har du haft blod i avféringen? Ja Nej
Nér har du haft blod i avféringen?  Vid mens Ej mensrelaterat Alltid

8. Tar du smartstillande mediciner? Ja
- Om ja, var god fyll i tabellen

Nej

Kryssa om du behover
smartstillande

Vilken medicin tar du? Skriv styrka och
hur manga du brukar ta per dag.

Varje dag

Varje vecka

Vid agglossning

Bara under mens

Veckan fore mens och
vid mens

Vid mens, samt veckan
fore och efter

9. Vad tycker du om effekten av den smartstillande medicinen du tar?

Ingen effekt

Utmarkt effekt
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