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Abstract

Adenomyosis is a benign gynecological disease mostly diagnosed in the fourth and fifth decades.
The recent improvement of the diagnostic tools and a better understanding of the pathology allowed
clinicians to postulate a possible relationship between adenomyosis and infertility and to diagnose it
in younger asymptomatic women during infertility work-up. The exact link between adenomyosis
and infertility is still not fully established, but recent studies suggest a possible negative effect on
female fertility. The purpose of this article is to review the different theories regarding the possible
correlation between adenomyosis and infertility and to discuss the treatment options and the final
reproductive outcome after the treatment.

Keywords: adenomyosis; infertility; uterus-sparing surgery; adenomyoma; assisted reproduction;

IVF
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Introduction

Adenomyosis is a benign gynaecological disease characterized by the presence of endometrial
glands and stroma surrounded by hypertrophic and hyperplastic smooth muscle deep within the
myometrium®. Different manifestation of adenomyosis could be distinguished: endometrial
implants can either be interspersed within the myometrium as numerous isolated ectopic islands of
glandular and stromal tissue (diffuse form) or can be organized in a well-circumscribed nodular
lesion (focal form or adenomyoma). Macroscopically, adenomyosis is responsible for a globular
and cystic enlargement of the uterus, due to the presence of myometrial cysts filled with red blood
cells and siderophages®. Microscopically, endometrial glands and stroma must be located within the
myometrium deeper than 2,5 mm from the endometrial-myometrial interface®®, but*a cemmon
histologic consensus regarding the depth of invasion is lacking. In fact another often used criterion
includes endometrial glands extended 1 to 3 mm below the endometrial layer-or foci situated deeper
than 25% of the total thickness of the myometrium®’. Because of a~lack.of an agreed-upon
terminology, its incidence is generally underestimated and its prevalence varies significantly

between studies (from 5% to 70%)%.

Adenomyosis is characterized by an alteration in the.endometrium-myometrium interface, the so
called Junctional Zone (JZ). Current imaging diagnosis is‘earried out through TV-US (Transvaginal
Ultrasound), given its low execution cost, the high‘tolerability and the recent improvement of the
technique itself (high-resolution images, Doppler)°. At the present time there’s a lack of consensus
on the criteria that should be used for the diagnosis. However, it seems that the presence of one or
more of the following sonographic, findings on 2D TV-US (two-dimensional Transvaginal
Ultrasound) enables the diagnosis with satisfactory accuracy'®**: i) globular uterine configuration;
ii) anterior-posterior asymmetry. of, uterine walls unrelated to leiomyoma; iii) heterogeneous
myometrial echotexture; iv), poorly defined endometrial-myometrial interface; v) myometrial
echogenic linear striation (acoustic shadows not arising from leiomyoma or other echogenic foci);
vi) myometrial cysts; vii) diffuse spread of small vessels into the myometrium. Another
sonographic finding was recently added to the list by an Italian study group: “the corpus uteri is
flexed backwards, the fundus of the uterus faces the posterior compartment and the cervix is
directed frontally towards the bladder”. The sign, called “the question mark of the uterus”, showed
high sensitivity and specificity (92% and 75% respectively)*?. The advent of 3D US-TV (three-
dimensional Transvaginal Ultrasound) allows the direct visualization of endometrial protrusion into
the myometrium. As for the 2D US-TV nowadays there is no consensus on 3D ultrasound

diagnostic criteria either. However, the main findings are the JZ thickness and the infiltration of the
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hypoechoic JZ by hyperechoic endometrial tissue. A further advantage of this technique is the view
of the adenomyotic lesions in three planes, allowing an accurate mapping of the myometrial
infiltration, making conservatory surgery more accurate™**. Moreover, the use of 3D US-TV with
color Doppler may help in differentiating adenomyosis from leiomyomas, another commom
gynecological disorder with similar clinical symptoms and signs. A recent study measured blood
flow impedance (Pulsatility Index, Resistive Index, Maximum Velocity) around and within the
lesions™. The presence of “central vascularity” and “ill defined junctional zone in 3D ultrasound”
appears to have a high sensitivity and specificity (95.6% and 93.4%, respectively) in diagnosing
adenomyotic foci. MRI is a non-invasive technique, traditionally considered more accurate than
TV-US in the diagnosis of adenomyosis, even if a recent study showed comparable sensitivity and
specificity™. Given its high costs, it is often performed only in selected cases, (e.d. concomitant
presence of leyomyomas, polypes, endometriosis). MRI allows the identification’of'the JZ as a low
signal banding in T2-weighed images when compared to myometrium or/endometrium. In 2001
Bazot et al., proposed some diagnostic criteria, which are still taken into.account: i) high-signal
intensity spots in the myometrium; ii) JZ thickness > 12mm (diffusetor+<focal) and/or low signal

intensity ill-defined lesions; iii) JZ thickness/myometrium thickfess. >40%".

In the International Classification of Disease codes, adenomyosis'is thought to be a specific form of
endometriosis and is defined as “endometriosisw.of ‘they uterus”. Indeed, women with severe
endometriosis (American Fertility Society stage IV)yare often diagnosed with adenomyosis with
higher incidence and deeper uterine wall invasien when compared with other stages (42.8% vs
29.4%)Y". Nevertheless, patients with adenomyosis present different clinical features than those
with endometriosis. Women with, endometriosis are generally young, nulliparous and often a
mother or a sister is also affected. On the contrary, adenomyosis is mostly diagnosed in the forth
and fifth decades and is associdted with early menarche, multiparity and history of miscarriage®#*°.
Consequently, adenomyesisiwas thought to be a disease entity different from endometriosis.
However, recent studies pointed out that adenomyosis can coexist with endometriosis in younger
women, suggesting a'common pathogenesis?® and that it could responsible for implantation failure
in patients with" endometriosis®. Patients affected by adenomyosis generally complain about
menometrorrhagia and pelvic pain, but given the fact that many women delay their pregnancy until
their late 30s or 40s the relation between adenomyosis and infertility is becoming a focal topic. The
exact link is still not fully established, but recent studies suggested a possible negative effect on
female fertility. By systematically reviewing the available evidence, this paper discuss the current
medical and surgical uterus-sparing treatment options in infertile women and the fertility outcome

after the treatment.
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Material and methods

We search Pubmed for articles published in the English language with the use of the following
MeSH search terms: “adenomyosis” combined with “treatment” and “fertility outcome” with the
restriction to the human species. Titles and abstracts were examined by two reviewers ( 1.S. and
R.M.) and full articles that met the selection criteria were retrieved. A manual search of review
articles and cross-references completed the search. All selected articles were assessed for study
design, patients characteristic, diagnosis of adenomyosis, type of treatment, post-treatment rates of

conception, full-term pregnancy and completeness of information of the data sets.

PATHOPHYSIOLOGY OF INFERTILITY/SUBFERTILITY

Even if adenomyosis is usually diagnosed in the forth and fifth decades, the recent improvement of
the diagnostic tools and a better understanding of the pathology allewed clinicians to postulate a
possible relationship between adenomyosis and infertility and, toi*diagnose it in younger
asymptomatic women during infertility work-up, making its treatment even more challenging®%.
The exact link is still under debate®*?®. Several theories regarding the possible correlation between

adenomyosis and infertility have been proposed.

Anatomical distortion

The exact anatomical mechanism by which adenomyomas may have a detrimental effect on
reproduction are still unknown. Obstruction of the tubal ostia and impaired sperm migration and
embryo transportation caused_by an anatomical distortion of the uterine cavity may be the principal
determinants (Figure 1). Several studies have investigated how submucosal and intramural fibroids

in the presence of intrautering anatomical abnormalities are associated with infertility?®2’.

Uterine dysperistalsis

The abnormal contractility, consequence of the altered architecture of the JZ myometrium, may
impare both implantation and sperm transport®. A study published in 2006 showed how
adenomyosis is associated with impeded hyperperistaltic and dysperistaltic uterotubal transport
capacity®®. The study population included 41 infertile patients with endometriosis (laparoscopically
proved) and patent tubes, 35 of them with additional signs of adenomyosis. 99m-Tc-labelled
macroalbuminaggregates with a size of 5-20 pum, diluted with 2 ml 0.9% saline solution, were

placed into the posterior vaginal fornix and scans with a gamma camera (directly after
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administration and at various time intervals) were taken. Fertile women showed a uni- and
ipsilateral transport with concentration of radioactivity on the side of the dominant follicle.
Otherwise in patients affected by diffuse adenomyosis in 70% of the cases the radionuclides
remained in the uterine cavity, in 22% of the patients a contralateral transport was detected and only
in 8% of the women an ipsilateral transport was proved. In addition, some differences at cellular
level were found, too. Mehasseb et al. recently concluded that smooth muscle cells of an
adenomyotic uterus are ultrastructurally different because they exhibite cellular and nuclear
hypertrophy when compared normal uterine smooth muscle cells®®. This ultrastructural alteration
may be responsible for an abnormal uterine contraction, disturbing the uterotubal transport.
Furthermore, another element that could explain the altered peristaltic activity is the loss of nerve

fibres at the endometrium-myometrium interface associated with adenomyosis®".

Altered implantation

Implantation represents a subtle process starting with a controlled invasion of the decidualized
endometrium by the early embryo, where proper endometrial development and proliferation are key
factors. Thus, any abnormal process interfering with the endometrial proliferative and secretory
phases could potentially impair implantation. At the present time, there are no available data
regarding atypical endometrial proliferation in women affected by adenomyosis, but altered
vascularization and molecular markers have been documented. Ota and Tanaka performed a
morphometric analysis of the endometriumyin fertile women and in patients affected by
adenomyosis®2. They found that in the first.group (fertile women) the mean and total surface area
and the total number of capillaries where significantly increased during the secretory phase when
compared to the proliferative one. In.the second group (women with adenomyosis) there was no
difference between the two/phases, ,with values significantly higher in comparison to the fertile
group, suggesting an overexpression of regulatory factors involved in the vascular proliferation. At
molecular level several anomalies have been described. Li et al. studied the role of matrix
metalloproteinasisy(MMP-2 and MMP-9) and their relationship with microvessel density (MVD)
and with a major mediator of angiogenesis, such as vascular endothelial growth factor (VEGF)®,
MMPs are enzymes normally expressed in the human endometrium during the menstrual cycle,
necessary for extracellular matrix remodeling. The results showed a greater activity of all
considered factors, in both eutopic and ectopic endometrium of patients affected by adenomyosis.
Furthermore, a positive correlation was found between VEGF and MMP-2/-9 expression and
between MVD and MMP-2/-9 expression in the ectopic endometrium, suggesting that MMP-2 and

MMP-9 overexpression could contribute to the endometrial invasion of the myometrium and to the



Downloaded by [Gothenburg University Library] at 10:59 21 October 2017

angiogenetic process. Afterwards Goteri et al. investigated the expression of VEGF and hypoxia-
inducible factor-1a (HIF-1a) expression and microvessel density (MVD) in eutopic and ectopic
endometrium, confirming the possible role of VEGF-mediated angiogenesis in the development of
the disease®*. Improper secretion of cytokines has also been reported, suggesting that an abnormal
inflammatory response could also impair fertility. IL-8 represents an important signaling factor that
modulates several processes during the menstrual cycle, including endometrial remodeling. Two IL-
8 receptors have been identified on the surface of human neutrophils (CXCR1 and CXCR2), which
are both highly expressed in women with adenomyosis®. IL-10 is another inflammatory cytokine,
which plays an important role in chronic inflammatory diseases and cancers. Higher levels of IL-10
have been found in both eutopic and ectopic endometrium, possibly leading to an‘abnormal
immunitary response and subsequently to infertility®*. Another important factor thdt seems to be
involved in the implantation process is the HOXA10 gene, the expression of which seems to be
necessary for implantation. In the normal endometrium its cyclic expressionis regulated by
estrogen and progesterone, with a peak during the window of implantation. In women with
adenomyosis the HOXA10 gene expression is significantly diminished+during the midsecretory
phase, suggesting its possible role in the reduced implantation rate,observed in patients affected by
adenomyosi537. Another “implantation marker” associated \with endometrial receptivity is the
leukemia inhibitory factor (LIF). Its expression is normally-higher in the mid-late secretory phase,
but lower levels have been found in the endometriumeand in the flushing fluid of women affected
by adenomyosis®*°. For a successful implantation and for the maintenance of a pregnancy, an
intense remodeling of the endometrium..is required. This process is called decidualization and
includes the expression of factors involved in the suppression of the immune response. Recently
Wicherek dosed the serum blood coneentration of RCAS1, which is responsible for the inhibition of
growth and activation of NK»cells"and T lymphocytes®. In fertile women its concentration
fluctuates during the menstrual-Cycle with a peak in the secretory phase, while it remains almost
constant in patients with adenomyosis. Another factor, which is overexpressed in patients affected
by adenomyosistis.the*P450 aromatase, leading to increased local endometrial estrogen production.
This overexpression might alter the balance between estrogens and progesterone, with an
upregulation of estrogen receptor o (which is normally downregulated by progesterone). This
overexpression ends up with a decreased production of integrines (molecules necessary for the

successful interaction between embryo and endometrium), compromising the uterine receptivity*".

Intrauterine free radicals

Several enzymes producing or eliminating free radicals are present in the glandular epithelium of
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the endometrium and their concentration varies during the menstrual cycle. Some of these enzymes
are the superoxide dismutase (SOD), nitric oxide synthase (NOS), xanthine oxidase (XO),
glutathione peroxidase (GPx) and catalase. It is well known that in fertile women SOD and NOS
concentration are low during the proliferative phase and increase during the secretory phase*. In
patients affected by adenomyosis these enzymes are overexpressed, leading to abnormal levels of
free radicals (i.e. superoxide, nitric oxide)*® that could jeopardize the early embryo, impeding
implantation and embryo development and leading to early miscarriage™.

A recent review published by Yen et al. summarizes the specific molecular characteristics of the
endometrium in uterine adenomyosis and its biochemical microenvironment®. = Whether
adenomyosis is a genetically determined disease or the result of a dysregulated hormeonal milieu

under the influence of several microenvironmental factors remains to establish.

Effect on IVF treatment

In the adenomyotic endometrium many endometrial receptivity markers_ are altered, but none of
these has been proven to be predictive of implantation in humans?>?*°_Up to now, the only studies
that have examined the effect of adenomyosis on natural conception are on animal models

(baboons), showing a negative influence even in the absence of endometriosis®’.

Soares et al. suggested women requiring oocytes donation followed by in vitro fertilization (IVF) as
a good model to study the relationship between adenomyosis and fertility*®. However, so far there’s
no available data concerning the possiblerimpact of adenomyosis on endometrial receptivity in
oocytes donation IVF cycles. A study,published in 2005 showed how patients with JZ thickness of
10-12 mm or > 12 mm have lower pregnancy rates (16% and 5%, respectively) when compared to
patients with JZ <10 mm( (45%), ‘concluding that MRI evaluation of JZ thickness could be
considered as the most important negative predicted factor for implantation failure in IVF cycles®.
A further prospective study conducted by the same group evaluated the influence of JZ thickness on
pregnancy outcomesin 152 infertile patients with an indication for IVF*°. All patients had a pelvic
MRI scan before IVF. The obtained results showed that JZ thickness increase is significantly
correlated with implantation failure. In fact, patients with a JZ of 7-10 mm had an implantation
failure rate of 95.8% compared to the 37.5% of all other patients (P < 0.0001).

Recently, Thalluri and Tremellen published a retrospective cohort study of 213 patients (38 with
ultrasound diagnosed adenomyosis and 175 with no signs of adenomyosis on the scan) who

underwent GnRH antagonist stimulation for IVF treatment®!. All patients were <39 years old, had
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good quality Day 4/5 embryo for single-embryo transfer and showed no uterine fibroids,
hydrosalpinx or endometrial polyps on the scan. The viable clinical pregnancy rate was 23.6% in
the adenomyosis group and 44.6% in the non-adenomyosis group (P = 0.017). The decline in viable
pregnancy rate in the adenomyosis group remained statistically significant even after the logistic
regression analysis performed because median maternal age and duration of infertility were
significantly higher in the adenomyosis group (OR 1/4 0.408, CI 14 0.181-0.922, P 1/4 0.031 when
adjusting for maternal age; OR 14 0.417, CI 1/4 0.175-0.989, P 14 0.047 when adjusting for
duration of infertility). A recent meta-analysis, published in 2014, supports the negative influence
of adenomyosis on implantation of good quality embryos in patients undergoing IVF treatment®.
This analysis included nine studies with a total of 1865 women, 306 of which diagnosed with
adenomyosis. The authors find out that women with adenomyosis exert a 28% reduction‘in clinical
pregnancy when compared to women without adenomyosis. Miscarriage rates are also increased in

women with adenomyosis.

TREATMENT OPTIONS AND REPRODUCTIVE OUTCOME

Several pregnancies were achieved after the treatmenti,of adenomyosis (hormonal therapy, HIFU,

conservative surgery, combined therapy) (Table 1).
Medical treatment

Several medical regimens have been‘used over the last 20 years in the treatment of adenomyosis
associated infertility®®. The first drugs“eémployed for this purpose were gonadotropin-releasing
hormone agonists (GnRHa)>*. It seems in fact that GnRHa could have specific effects in women
with adenomyosis. Firstof all,'they may reduce or suppress the expression of nitric oxide synthases
(NOS) in the endometrium” and thus reducing the free radicals concentration in the glandular
epithelium®. They.could also decrease the expression of P450 aromatase, that is overexpressed in
patients with ‘adenomyosis, enhancing uterine receptivity’®. Furthermore GnRHa do not
significantly affect the decidualization process of endometrial stromal cells and they seem to have

no repercussion on human blastocyst invasion®”.

The first pregnancy obtained after a 6-month treatment with GnRHa was first achieved by Hirata et
al. in 1993, The patient was 36 years old and had a history of 4 years secondary infertility. She
conceived spontaneously shortly after cessation of the treatment, but later experienced a

spontaneous abortion at 10 weeks of gestation. The same years Nelson and Corson published a case
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study of a 19 years old patient affected by adenomyosis (histologically diagnosed) that
spontaneously conceived after cessation of a 3 months course of GnRH-a>. Although, this patient
had no previous history of infertility. The first live birth after a long term treatment with GnRH-a in
a patient affected by adenomyosis associated secondary infertility was reported by Silva and
colleagues in 1994%. Other small studies also reported successful conceptions and deliveries after

using GnRHa® %,

High Intensity Focused Ultrasound

High intensity focused ultrasound (HIFU) or focused ultrasound surgery (FUS) is a non-invasive
technique that causes typical coagulation necrosis by focusing high intensity ultrasound on a
targeted area. Over the last 10 years it has been widely used for the treatment of gynecological
diseases (solid tumors, fibroids) and recently it has received increasing ‘interest in treating
adenomyosis®*®. Both MRI and US could be used for guidance. MRI offers a)better anatomical
resolution and, thanks to MRI-based thermal mapping, a real-time temperature monitoring during
HIFU. On the other hand US is less expensive, quiet and greyscale change during HIFU offers a
real-time anatomical monitoring imaging®. Furthermore the patient'doesn’t need to be enclosed in a
confined place. An accurate selection of the patients seems t0'be utmost important because several
elements may influence the ablative efficiency of HIFU.uIn a recent retrospective study published
by Gong et al. 245 patients affected by adenomyosis underwent US guided HIFU and received a
MRI before and after the procedure in ordef to, evaluate the efficacy of the treatment®’. Several
factors were found to influence the treatment:abdominal thickness, location and volume of the
lesion and its blood supply®® ™. In the, last-years few studies have examined the feasibility and the
efficacy of HIFU (MRI- or US-guided) in the treatment of diffuse and focal adenomyosis indicating

that is safe and that represents a'goodioption for symptomatic adenomyotic lesions ablation® /474,

The first live birth after MRgFUS for focal adenomyosis was reported in 2006”>. Rabinovici et al.
published a caSereport.of a 36-years-old patient with a secondary infertility due to a symptomatic
focal adenomyosis. The patient underwent MRgFUS with an improvement in menometrorrhagia
and with a significant reduction in lesion size. 3 menstrual cycles after she conceived spontaneously
with the delivery at term of an healthy baby. So far, the role of HIFU as a treatment option for
adenomyosis associated infertility has not yet been sufficiently clarified and there are limited data
concerning its potential impact on fertility and pregnancy outcome. Although some general
considerations on side-effects could be made. A permanent amenorrhea resulting in early

menopause due to an accidental direct sonication of the ovaries could be a serious complication of
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any interventional treatment with HIFU. Indeed, an ultrasonic beam accidentally focused on the
ovaries could lead to a permanent loss of the ovarian function’®. Although, so far there are no
studies on endocrine changes or on anti-Mdullerian hormone levels alterations after inadvertent
ovaries sonication during HIFU treatment for adenomyosis. Concerning the endometrium, it has
been reported that its selective sonication is associated with well known morphological
abnormalities’’, but the possibility that accidental sonication of adjacent endometrial tissue could
impair the endometrial function and consequently the implantation process has not been
demonstrated, yet. Moreover, the change in myometrial architecture after the degeneration of the
lesion and the potential presence of post treatment intracavitary adhesions may lead to a further loss

of uterine functionality, introducing an additional risk factor for uterine sterility.
Uterus-sparing surgical treatment

The standard surgical treatment of symptomatic adenomyosis is hysterectomy. However, this is not
an option for patients who want to preserve their fertility. A recent review published by Grimbizis
et al. shows that conservative surgery for adenomyosis may represent a feasible choice for patients
with childbearing desire, even if its impact on fertility outcomes needs further investigation’®. The
selection of good candidate and the choice of the optimal uterus-sparing surgical treatment could be
challenging for several reasons, some related to the disease itself. Adenomyosis is often associated
to other gynecological conditions (endometriosis, fibroids, polyps) and that could lead to significant
bias when analyzing the effect of the treatment.,Furthermore, there are no standardized diagnostic
criteria. This lack of a common consensus makes difficult to evaluate the treatment outcomes and to
compare studies where different criteria“are used. Moreover, the adenomyotic foci often deeply
invade the myometrium making: the ‘complete resection of the lesions almost impossible and the
removal of healthy myometrial tissue almost inevitable. Indeed the uterine cavity is often entered
during surgery” and it i§ difficult to repair®. An inadequate surgical reconstruction, complicated by
an incomplete removal of adenomyotic foci could lead to a poor healing of the scar, decreasing the
tensile strength of the.uterus and increasing the risk of uterine rupture during pregnancy or labor®",

Adenomyoma excision

Adenomyomectomy (open or laparoscopic) is an approach that is preferably used in case of focal
type adenomyosis. In fact, the complete excision is possible only if the lesions are clearly defined.
The technique includes the following steps’®: 1) recognition of lesions’ location and borders by
inspection/palpation (under ultrasound guidance if necessary), 2) longitudinal excision along the

adenomyotic lesion, 3) delicate dissection of the adenomyoma, 4) closure of the uterine cavity (if
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needed) with absorbable suture, 5) suture the uterine wall layer by layer (no dead space should be
left). The risk of entering the uterine cavity or of destroying unaffected myometrium with this

technique is really low.

Cystectomy

Cystic adenomyosis is a rare form of focal adenomyosis, more commonly encountered in young
patients. Large hemorrhage within ectopic cystic glands results in fact in the appearance of a
circumscribed lesion. Considered the rarity of these lesions and their closeness to the ovaries, they
are often considered endometriotic cysts. A recent review of the literature underlinesshow this type
of lesions have been described and classified with several terms, leading ‘to ‘considerable
confusion®. The authors propose a new classification based on the lining, epithelium and
recommend an accurate description of the lesions that allows adequate ‘comparison. The one
proposed follows the acronym MUSCLE (Myometrial location, Uterine site, Structure, Contents,
Level, Endometrial or inner lining). Given the fact that most of+the patients affected are young, a
minimally invasive approach is preferable. During laparoscopy the affected tissue appears paler and
less vascular. During suturing no dead space should beuleft/and if the endometrial cavity is entered
it should be repaired separately. Furthermore, an @ceurate reconstruction of the uterus is mandatory

in order to preserve fertility and to reduce the risk of uterine rupture in case of pregnancy.

Myometrial reduction

Myometrial reduction (or conservative cytoreductive uterine-sparing surgery) is a more complicated
technique that is performed in“easeiof diffuse adenomyosis. Different approaches, both laparotomic
and laparoscopic, have /been.described. In any of them the purpose is to remove as much of
adenomyotic tissue aspossible with a subsequent metroplasty. The classical method starts with a
midline incisign«(transversal or longitudinal) on the anterior or posterior uterine wall followed by
the resection “piéce by piece” of all clinically recognizable abnormal tissue®. In 2004 Fujishita et
al. proposed the transverse H incision technique, a laparotomic approach, mainly performed in case
of anterior adenomyosis. The main steps are: 1) a vertical incision followed by two other
perpendicular incisions along the superior and inferior edges of the uterus (H-shaped); 2) a 5 mm-
thick resection of the uterine serosa from the myometrium along the vertical incision; 3) serial
excisions of “slices” of adenomyotic tissue, using manual palpation to identify the normal

myometrium; 4) multiple chromoperturbation tests with indigo carmine solution to reduce the risk
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of uterine cavity penetration; 5) endometrial and myometrial closure by layers. In their study the
authors also compared the two techniques in 11 patients, where 5 underwent the classical reduction
(classical group) and 6 the modified H incision method (modified group). Results showed no
difference in operation time, blood loss and size of removed specimens, with a greater pain relief
and a spontaneous pregnancy in the modified group®. In 2010 Nishida et al. proposed a third
surgical approach: the asymmetric dissection of the uterus®®. This laparotomic technique allows to
preserve both the uterine cavity and the uterine arteries. The uterus is dissected longitudinally using
a high-frequency electric surgical knife in an asymmetrical fashion to divide inside and outside.
From this incision, the myometrium is dissected diagonally, as if hollowing out the uterine cavity.
Next the uterine cavity is opened by a transversal incision, the index finger is inserted into the
uterine cavity and the adenomyotic tissue is removed by using a loop electrode, Then the uterine
cavity is closed using a 3-0 absorbable suture and the uterine flaps rejoined in layers.:This technique
was performed in 44 patients with diffuse adenomyosis and menstruation resumedsin all patients 3
months after the surgery. A significant improvement in dysmenorrhea and anemia due to
menorrhagia is reported. Furthermore 2 patients became pregnant “after the procedure (1
spontaneous interstitial pregnancy and 1 normal pregnancy after IVF/ET still continuing during the
time of publication). Myometrial reduction may represent a, good option for patients with
childbearing desire. Although this type of surgery results‘in‘a reduce volume uterus and causes
uterine scars, burdening future pregnancies. Indeed;the.reduced myometrial surface may predispose
to spontaneous abortion and premature labor.and the uterine scaring may weaken the uterine walls

increasing the risk of uterine rupture®®'.

Fertility Outcome

Data regarding the impact of uterine-sparing surgery on fertility potential are controversial, also
because most of the published studies weren’t designed to address this issue. Uterus-sparing surgery
includes different technigues that change the anatomy of the uterus itself. Intrauterine and pelvic
adherences and “uterine deformation as well as a decreased uterine capacity are possible
complications and could be responsible for a reduced postoperative pregnancy rate®™. However, in
the paper published by Grimbizis et al. pregnancy rates were reported to be 46.9% in women treated
with cytoreductive surgery and 60.5% in women who underwent adenomyomectomy’®. Other
studies support the beneficial effect of uterus-sparing surgery on fertility potential; patients with
localized adenomyosis after myomectomy had a high pregnancy rate (from 48,2% to 77,5%) with a
successful delivery rate that ranges from 26.8% to 69%°%%°. Furthermore, in a recent study

published in 2014, 102 women who underwent laparoscopic adenomyomectomy were evaluated®.
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The total clinical pregnancy rate (spontaneous and after IVF) was 31.4%. In addition, the authors
analyzed pregnancy rates considering the age of the patient. Better results were found in the group <
39 years old (41.3%) when compared to patients > 40 years old (3.7%) concluding that surgery
represents a feasible option for patients affected by adenomyosis especially at ages < 39 years. Even
though conservative surgery might not have a comparable effect on reproductive performance in
patients with diffuse-type adenomyosis, some studies report a pregnancy rate of > 30-40% in
women with diffuse adenomyosis after surgery®°*%. In addition, spontaneous pregnancy might
occur 36 months after complete conservative surgery, compared with the 6 months of subfertile
women with adenomyosis treated with GnRH agonist, advising that the therapeutic effect of

conservative surgery could last longer than medical treatment®.
Combination therapy

The combination of uterine-sparing surgery and medical therapy (i.g. GnRH agonists) in managing
adenomyosis-related symptoms is still controversial. A prolonged treatment with GnRH agonists
causes a deep suppression of gonadotropin secretion, suppressing the ovarian function and
consequently leading to a profound hypo-estrogenism. Since<GnRH, receptors have been found in
endometrial and adenomyotic tissue, they could have a(direct. anti-proliferative action, reducing
uterine vascularity®. Possible advantages of a preoperative treatment with GnRH agonists
comprehend a reduced bleeding during surgery ‘and the possible amelioration of a frequent
preoperative anemia. On the other hand, the differentiation between normal and adenomyotic tissue
could become more difficult, increasingtherisk-of endometrial perforation and incomplete removal
of the lesions®. Concerning the postoperativé administration of GnRH agonists, a prospective study
published in 2009, evaluated 165 patients. All patients underwent a uterus-sparing surgery for
adenomyosis (minilaparotomy; ultraminilaparotomy or laparoscopy) and 114 of them received a
six-course treatment with GnRH agonist regimen postoperatively. Both groups showed a significant
symptom improvement (dysmenorrhea, menorrhagia) during the 2 years follow up with lower
symptom recurrencesin the surgical-medical group®. On the other hand, in a recent study published
by Chong et al, 'no significant difference was found in terms of long-term symptom control after
laparoscopic/robotic adenomyomectomy with or without GnRH agonist treatment®. Concerning the
reproductive outcomes, Wang et al. found no difference in terms of clinical pregnancy and
successful delivery in patients treated with conservative surgery alone and patients who underwent

a postoperative GnRH agonist treatment®°.

The first live birth after combined therapy was first reported in 1999%. A year later Wang et al. also
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reported 3 successful pregnancies”’. In a large prospective study published in 2009, 114 patients
underwent conservative surgery followed by a 6-course GnRHa treatment and 32 of them had

successful deliveries®.

Perinatal complications of the pregnancy

The potential consequences of adenomyosis during pregnancy are difficult to evaluate because, at
the present time, there are few data available concerning adenomyosis and major obstetrical
complications. Early miscarriage, preterm delivery, abnormal placentation, intrauterine growth
restriction and spontaneous uterine rupture are possible adenomyosis-related. complications

recorded in the literature.

A recent study conducted by Mochimaru and colleagues compared pregnancy outcomes between
patients diagnosed with adenomyosis before pregnancy and a control ‘gfoup®™. The adenomyosis
group showed higher rates of preterm premature rupture of membranes (19.4% vs 4.2%), preterm
delivery (41.7% vs 12.5%) and small-for-gestational age (33.3%.vs 10.4%).

The risk of uterine rupture after uterine surgery is well“known: reports of vaginal birth after
caesarean delivery (VBAC) or laparoscopic myomectomy reported a 0.27% and 1.0% incidence,
respectively®®'®. The risk of uterine rupture after conservative surgery for adenomyosis is also well
established'®. In case of adenomyosis the ‘connective tissue matrix that separates the myocites
contains less elastic collagen fibrils; diminishing the elasticity of the tissues. Furthermore, the
uterine scars may also contain adenomyetic remnants that could lead to a reduced tensile strength

and increase the risk of rupture®®*%

A recent study published.in 2016 investigates the correlation between uterine wall thickness after
uterine-sparing.surgery and pregnancy outcome’®. 23 healthy women, who become pregnant after a
laparotomic surgical procedure for symptomatic adenomyosis, were evaluated. For this uterine-
sparing surgery, in all cases, the uterus was dissected asymmetrically in a longitudinal manner. A
measure of minimum and maximum uterine wall thickness (from the serosa to the uterine
endometrium) was then performed (MRI and/or sonography) in the time interval between surgery
and conception. Of all patients, 54.5% proceeded to delivery, 34.8% had a miscarriage and 8.7%
had a uterine rupture and fetal loss before 20 weeks of gestation, where a strong correlation between
uterine wall thickness <7mm was found. The authors also found that patients with a minimum

uterine wall thickness >15 mm were more likely to have a miscarriage, even if no significant
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difference was shown. The cases of uterine rupture were likely related to the invasion of the
placenta into the myometrial layer with residual adenomyotic foci. Altered placentation (e.g.
placenta accreta/increta/percreta) could be another possible perinatal complication of uterine-
sparing surgery because of the risk of small perforation of the endometrium during surgery. Indeed,
a defect on the subendometrial myometrium could promote the invasion of the placenta into the
outer myometrium®. Few reports have also pointed out the risk of a severe post-partum hemorrhage
non-responding to conservative treatment, in which a peripartum hysterectomy was required*®*'%>,
Given the absence of systematic data and the lack of experience, an elective caesarean section after

uterine-sparing surgery seems to be the best option so far.

Conclusions

Adenomyosis represents a common gynecological disorder with a negative=impact on fertility.
However, it remains challenging to establish if adenomyosis is the only cause of the infertility or
not, because patients, in both case and control groups, /may be" affected by concomitant
endometriosis. Furthermore, at the present time, limited data,are,available concerning the efficacy
of the different treatment options of adenomyosis on fertility outcome and the only ones published
are retrospective evaluations or small case series. Further studies are required to determine the
reason of implantation failure in women with adenomyosis and the impact of adenomyosis on

infertile women with or without endometriosis.
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Figures and Tables

Figure 1. Anatomical distortion of the uterine cavity caused by the presence of adenomyosis

especially on the posterior wall of the uterus.

Table 1. Reproductive outcome after treatment of adenomyosis
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Type of Treated Age Infertilit Interval ART/ Pregnanc
Reference yp patients g 1ty time Spontaneous g y
treatment ") (y) duration conception Outcome
Viable first-
NeIsonS%nd GnRHa (over 1 19 No infertility | 1 month spontaneous | trimester
Corson 3 years)
pregnancy
4 years, 1 spontaneous
Hirata et al. *® GnRHa (6 1 37 secondary 4 months spontaneous | abortion at
months) ) o
infertility 10w
10 years,
Silvaetal,®© | G1RHa( 1 36 secondary 5months | spontaneous Cesarean
months) : . section at term
infertility
Strizhakov and | Combined 8 181034 | - <12 SDONtaNeous 4 clinical
Davydov'® therapy months P pregnancies
Term, healthy
Huang et al, ©! GnRHa (3 5 28 - 34 2yearsand4 | 4to6 spontaneous infant, vaginal
months) years months and cesarean
section
Combined 5 years Cesarean
Ozaki etal. ®® | therapy 1 33 secondary ~ 3 months_|'spontaneous ;
) - section at term
(danazol) infertility
g | COMbIned 32-36- 3-12 Delivered
Wang et al. therapy 3 5 years - i .
37 months viable infants
(GnRHa)
Igarashi etal. 3 successful
6 Danazol IUD | 4 - - - spontaneous o
deliveries
Shawki and
Igarashi ® Danazol IUD |9 - - 6 months | spontaneous | 2 pregnancies
Fujishita et al. Conservative 1 clinical
84 6 271040 | - ~ 4 months | spontaneous
surgery pregnancy
Conservative 4 years Cesarean
Wang et al. **’ 1 27 (secondary | 30 months | spontaneous i
surgery infertility) section at term
Combined 9 years Cesarean
Wang et al. 2 | therapy 1 38 secondary 21 months | spontaneous X
; - section at term
(danazol) infertility
. Conservaituye -
I;'g‘ke“Ch' etal surgery and 8 2810 39 | 1-5 years - spontaneous 2 cllnlcal_
pregnancies
hysteroplasty
Vaginal
L delivery with
Rat;énovm et MRgFUS 1 36 _Secoqo!ary 3 months spontaneous | manual
al. infertility .
extraction of
the placenta
;?rpaerroscoplc 33.0 <30 3 spontaneous
Landi et al. ' gery 26 +4.3 - spontaneous | clinical
treated for months

endometriosis

pregnancies
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4 pregnancies

32.7 !
79 GnRHa (6 <12 with 3
Wang et al. months) 37 1.4 >3 years months spontaneous successful
deliveries
79 ;:uorgz‘iyr/v g’;lve 343+ ;fegnancies
Wang et al. combined 28 2.1 >3 years 36 months | spontaneous with 9
therapy deliveries
20 clinical
. 37.0+ pregnancies
Wangetal, ® | COnservative | g 48 : <24 : with 17
surgery months
successful
deliveries
35 clinical
Combined 389+ 3.22 pregnancies
Wang etal. % | therapy 114 3.8 - onths - with 32
(GnRHa) successful
deliveries
1 spontaneous
abortion, 1
343+ ectopic
Al Jamaetal. | GnRHa (6 5-18
110 months) 22 4.6 6-15 years months - pregnancy, 1
vaginal
delivery at
term
. 2 spontaneous
Al Jama et al. Combined 381+ 4-30 abortion, 6
110 therapy 18 0.9 6-15wyears -
months cesaren
(GnRHa) )
section
16 clinical
pregnancies,
Conservative 267'9 + spontaneous i:cf[:ii)sr? raetan
Osada et al. '** surgery 26 ' - - (4), ART term, 2
(12) spontaneous
abortion at
16w and 5w
3 clinical
. regnancies
91 | Combined ] pre
Huang et al. therapy. 9 31to 37 | >3 years 62-83 ART with 2
months cesarean
(GnRHa) )
sections at
term
Clinical
pregnancy rate
. 90 | Conservative <92 spontaneous 41.3% in
Kishi et al. 102 26 to 51 | 3-6 years women aged
surgery months and ART
39 years or

younger and
3.9% in
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women aged
40 years or
older

Saremi et al.
112

Conservative
surgery

70

37.46 +
5.37

~ 6 years

20-50
months

spontaneous
and ART

21 clinical
pregnancies ,
16 live births:
4 spontaneous
abortions, 1
still birth




