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1 | INTRODUCTION

| Fuminori Taniguchi

| Tasuku Harada

Abstract

Background: Reproductive-age women occasionally face the pathological condition
of adenomyosis, which is often concurrent with endometriosis. It is believed that en-
dometriosis and adenomyosis increases the risk of obstetric complications. Although
new insights into the mechanism of obstetric complications due to endometriosis are
emerging, there is little information on the etiology of adverse pregnancy outcomes
in pregnant women with adenomyosis.

Methods: We performed a literature review focusing on the pathophysiological path-
ways of obstetric complications in women with adenomyosis using currently available
basic and clinical studies. We used the internet search engines PubMed and Google
Scholar to search for studies published between January 2000 and June 2021. We
carefully read pertinent sections within each document to ensure relevancy.

Main findings: The prevalence of adverse pregnancy outcomes in women with adeno-
myosis is increased after adjusting for conceiving by assisted reproductive technol-
ogy. Thus, adenomyosis emerges as a relevant factor associated with several obstetric
complications such as preterm birth, preterm premature rupture of membranes, pla-
cental abruption, small for gestational age/fetal growth restriction, and preeclampsia.
Conclusion: It is plausible that the impact of adenomyosis on pregnancy outcomes is
not always the same; rather it is dependent on the degree of uterine involvement and

subtypes.
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that adenomyosis is present in 20-35% of women.! Women with

Adenomyosis is a gynecological disorder characterized by a patho-
logic condition in which endometrium or endometrial-like structures
are present and function in the myometrium. Adenomyosis is symp-
tomatic in two-thirds of cases; the most frequent symptoms are men-

orrhagia, dysmenorrhea, and metrorrhagia. It is generally estimated

adenomyosis are aware of various degrees of clinical symptoms and
exhibit diverse diagnostic imaging findings.

Adenomyosis often coexists with other benign pelvic diseases,
uterine leiomyomas, and endometriosis. According to a study that
diagnosed thickening of the junctional zone (JZ) on MRI as adeno-

myosis, the coexistence of endometriosis with adenomyosis was
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80.6% in women with dysmenorrhea.? Endometriosis is character-
ized by the presence of endometrial-like tissue outside the uterus,
and the main clinical manifestations are chronic pelvic pain and
infertility. Generally, adenomyosis and endometriosis share vari-
ous clinical symptoms and biological and molecular features, but
recent structural and molecular research has shown that they are
a single disease representing different clinical characteristics.®
Many studies conducted in recent decades show the associa-
tion of endometriosis with adverse pregnancy outcomes for the
mother and fetus, such as preterm birth, small for gestational age
(SGA) infants, fetal growth restriction (FGR), preeclampsia, and
placental abnormalities. The mechanisms of obstetric complica-
tions in women exhibiting endometriosis histologically after lap-
aroscopic surgery have already been proposed. Published studies
have demonstrated that surgical excision of endometriosis be-
fore conception does not reduce the risk of adverse pregnancy
outcomes.* Recent studies suggested that adenomyosis has a
negative impact on female infertility.> A systematic review from
Denmark demonstrated that adenomyosis may impair fertility by
altering endometrial function and receptivity and cause miscar-
riage,6 The high risk of obstetric complications in women with
adenomyosis has been elucidated based on limited available evi-
dence intended for pregnant women conceiving using assisted re-
productive technology (ART) therapy, which is one of the factors
increasing poor pregnancy outcomes. The reasons why obstetric
complications caused by adenomyosis have not been clarified in
detail are that women with adenomyosis become pregnant very
infrequently, and their diagnostic criteria have not been estab-
lished. Thus, the mechanism of obstetric complications in patients
with adenomyosis still remains unclear.

Clarifying the relationship between adenomyosis and adverse
pregnancy outcomes is necessary to improve maternal and fetal
mortality and morbidity. The present review aimed to demon-
strate the clinical evidence of the relationship between adeno-
myosis and adverse pregnancy outcomes. Furthermore, based
on our findings, we presented the pathophysiological pathways
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of increasing obstetric complications in pregnant women with

adenomyosis.

2 | CURRENT STUDIES INVESTIGATING
OBSTETRIC COMPLICATIONS CAUSED BY
ADENOMYOSIS

To generate and identify the most relevant literature for our re-

view, we isolated and used the following terms as a search criterion:

"adenomyosis," "obstetric complication," "preterm delivery," "fetal

growth restriction," "placental abruption," and "preeclampsia." We
used internet search engines such as PubMed and Google Scholar to
search for studies published between January 2000 and June 2021.
PubMed and Google Scholar generated 2,299 and 21,400 articles,
respectively, based on the set criteria. The number of articles gener-
ated by PubMed for the keywords "adenomyosis" AND "obstetric
complication" was 372. The number of reports generated by Google
Scholar for the keywords "adenomyosis" AND "obstetric complica-
tion" was 2,280. Table 1 shows the search results for all the com-
bined keywords including "adenomyosis." Pertinent sections within
each document were carefully read to ensure relevancy to our topic,
after which several articles were excluded and eight relevant reports
were selected for more detailed evaluation. Three co-authors exam-
ined the content of the selected articles. After reading the full text of
the reports, we included them in our study. In addition, publications
available for readers and explaining the physiological mechanisms of
obstetric complications in women with adenomyosis were adopted
as fit-for-purpose papers. Eligible studies were retrieved from an
electronic search engine at the Tottori University library, were pub-
lished in English, and explained the mechanisms of obstetric compli-
cations caused by adenomyosis.

This paper is not a systematic review and attempts to explain
the mechanisms of obstetric complications caused by adenomyosis.
Therefore, the validity of individual documents' results using statis-
tical methods has not been considered.

TABLE 1 Number of articles hit by
searching for each keyword alone or in
combination

No. of ref.

372
34
10

19

2,280
83
530
502
1,410
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3 | PROPOSED DIAGNOSTIC IMAGING
CRITERIA FOR ADENOMYOSIS

The direct invasion of endometrial tissue into the myometrium
has been accepted as the pathogenetic cause of adenomyosis.
Histological examination of adenomyosis specimens showed ectopic
endometrial tissue characteristics such as endometrial stroma and
glands within the myometrium. However, the gold standard is histo-
logical examination after hysterectomy that verifies the diagnostic
criterion of adenomyosis. The methodology for diagnosing adeno-
myosis has changed from histopathological to image-based tech-
niques due to diagnostic equipment becoming more widely available
within gynecological practices. Non-invasive imaging equipment
such as transvaginal sonography and MRI could access adenomyo-
sis correctly. Proposed signs of adenomyosis on both imaging mo-

» o«

dalities contain “heterogenetic myometrial profiles,” “myometrial

»u

poor definition of the endo-myometrial junction,” and “linear

striations radiating out from the endometrium”.’ Ultrasonography

cysts,

has the advantages of affordability and repeatability, but the disad-
vantage of poor accuracy. The Morphological Uterus Sonographic
Assessment consensus (MUSA) published in 2015 delineates ultra-
sonographic imaging of adenomyosis.8 This protocol includes seven
detailed items that present the imaging features of adenomyosis
and practical techniques to develop untrained sonographers. MRI
is purely an objective examination, but not an optional first choice
to diagnose adenomyosis. Direct findings indicating the presence of
adenomyosis are the low-intensity area on T2-weighted images, rep-
resenting the smooth muscle hyperplasia and the heterotropic endo-
metrial tissue. Furthermore, small high-signal-intensity areas consist
of small hemorrhages due to ectopic endometrium. Thickening of
the junctional zone due to the invasion of endometrial-like tissue is
one of the diagnostic criteria for adenomyosis.? The criterion of a
difference between junctional zone maximum thickness and junc-
tional zone minimum thickness >5mm is one of the reliable aspects
among the three features correlating with thickening JZ and adeno-
myosis.” However, there are no internationally approved MRI-based
geographic criteria for adenomyosis.

Based on MRI findings, Kishi et al. categorized adenomyosis into
four subtypes.10 Intrinsic type adenomyosis develops in the inner
uterine layer without affecting the outer structures and originates
from the invagination of the basalis of the endometrial tissue into
the myometrium. Extrinsic type adenomyosis arises in the outer
myometrium of the uterus, disrupting the serosa but not affecting
the inner components. An appropriate suggestion about the lead-
ing cause of extrinsic type is that pelvic endometriosis first creates
utero-rectal adhesion and then invades anteriorly into the uterus. In
this type of adenomyosis, concomitant endometriosis and oblitera-
tion of the cul-de-sac have been observed in almost all cases.® The
presence of intramural type adenomyosis in the myometrium keeps
the JZ and the serosa intact. Subtype IV adenomyosis, recognized
as a diffuse type, has a distinct morphological presentation from
the other three subtypes. Women with adenomyosis are aware of
various degrees of clinical symptoms and exhibit diverse diagnostic
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imaging findings. However, the unresolved globally recognized and
fixed criteria for diagnostic imaging characteristics of adenomyosis
may cause different outcomes in studies of pregnancy outcomes in

women with adenomyosis.

4 | CLINICAL EVIDENCE OF
CORRELATION BETWEEN ADENOMYOSIS
AND OBSTETRIC COMPLICATIONS

The increasing awareness of obstetric complications in adenomyosis
is an important opportunity to detect adenomyosis before concep-
tion because the diagnostic approach changed from pathological ex-

amination to imaging modalities.

4.1 | Preterm delivery, preterm premature
rupture of membranes

Table 2 shows the clinical evidence of the correlation between ad-
enomyosis and obstetric complications, reported in the past two
decades. Eight studies presented data on this outcome. The inclu-
sion diagnostic criteria for adenomyosis were apparent uterine en-
largement and having already known features on MRI or ultrasound
examination before or after conception. However, two prospec-
tive studies used the responses to a self-reported questionnaire
by pregnant women for the presence or history of adenomyosis. A
case-control study was the first to report that adenomyosis was as-
sociated with a significantly increased risk of spontaneous preterm
delivery and preterm premature rupture of membranes (PROM) (odds
ratio [OR] 1.84 and 1.98, 95% confidence interval [CI] 1.32-4.31 and
1.39-3.15, respectively).11 A Japanese retrospective case-control
study clarified that the adenomyosis group was more likely to have
preterm delivery than the control group matched to adenomyosis
cases.!? Furthermore, the same study by Hashimoto et al. demon-
strated an increased risk of preterm birth attributed to adenomyosis
by matched analysis adjusted for age and ART therapy (OR: 3.1, 95%
Cl: 1.2-7.2). Mochimaru et al. found higher rates of extreme preterm
delivery (OR 4.3, 95% Cl 1.0-18.4) and preterm PROM (OR 5.5, 95%
Cl 1.7-17.7) compared with the control group.13 Multiple logistic re-
gression analyses showed that the risk of preterm births in women
with adenomyosis was higher at less than 37weeks (OR 2.49, 95%
Cl 1.81-3.41) and less than 34weeks of pregnancy (OR 1.91, 95%
Cl 1.02-3.55).2 Shinohara et al. classified uterine adenomyosis into
focal and diffuse types and examined the risk of preterm birth. The
risk of preterm birth (OR 5.24, 95% Cl 2.15-12.8) and preterm PROM
(OR 5.56, 95% Cl, 1.42-21.7) in diffuse-type adenomyosis was signifi-
cantly increased compared with the control group.15 Regarding ob-
stetric complications, the risk of preterm birth in the focal-type group
was not found to be higher than that in the control group.

In vitro fertilization is a likely risk factor for preterm birth. 16
However, only two studies have stratified the effects of infertil-
ity treatment and analyzed the impact of adenomyosis on preterm
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TABLE 2 Studies on the frequency of obstetric complications in patients with adenomyosis

Study Year Type of study and cases
Juang 2007 Retrospective case-control
Mochimaru 2015 Retrospective case-control
Hashimoto 2018 Retrospective case-control
Shin 2018 Retrospective case-control
Scala 2018 Retrospective study
Yamaguchi 2019 Prospective cohort

Harada 2019 Prospective cohort
Shinohara 2020 Retrospective case-control

Outcome

Preterm delivery (OR 1.84, 95% Cl 1.32-4.31)

Preterm delivery (OR 5.0, 95% Cl 2.2-11.4)
SGA (OR 4.3, 95% Cl 1.8-10.3)

Preterm delivery (OR 3.1, 95% Cl 1.2-7.2)
Placental malposition (OR 4.9, 95% Cl 1.4-16.3)
SGA (OR 3.5, 95% Cl 1.2-9.0)

Preeclampsia (OR 21.0, 95% Cl 4.8-124.5)

Preterm delivery (OR 3.36, 95% Cl 1.66-6.82)
SGA (OR 3.74,95% Cl 1.16-12.1)

Preterm delivery (OR 2.49, 95% CI 1.81-3.41)
SGA (OR 1.68, 95% Cl 1.13-2.51)

Preterm delivery (OR 2.95, 95% Cl 2.14-4.09)
Placental abruption (OR 3.29, 95% Cl 1.22-8.89)
FGR (OR 2.88, 95% Cl 1.70-4.86)

Preeclampsia (OR 1.86, 95% Cl 1.11-3.14)

Preterm delivery (OR 2.60, 95% Cl 1.23-5.50)
HDP (OR 2.68, 95% Cl 1.06-6.80)

Abbreviations: Cl, confidence interval; FGR, fetal growth restriction; HDP, hypertensive disorders of pregnancy; HR, hazard ratio; OR, odds ratio;

SGA, small for gestational age.

delivery. Shin et al. showed that patients with adenomyosis had higher
preterm birth rates than those without adenomyosis (OR 3.36, 95%
Cl, 1.66-6.82).7 The authors stated that the prevalence of preterm
birth was significantly higher in pregnant women with adenomyosis
after ART therapy than in those with natural conception (OR, 8.75;
95% Cl, 1.66-46.19). In addition, the risk of preterm birth before
32weeks was much higher in the adenomyosis group than in the non-
adenomyosis group (OR 24.53, 95% Cl, 9.12-66.02). We have earlier
shown that women with a history of adenomyosis had an increased
risk of adverse pregnancy outcomes than those without adenomyosis
(OR 1.72,95% Cl 1.37-2.16).X8 The odds ratio of preterm birth, preterm
PROM, and extremely preterm birth significantly increased in women
with adenomyosis (OR 2.95, OR 3.74, and OR 3.63, respectively). We
used logistic regression analysis to adjust for the influence of adeno-
myosis from the effects of ART therapy. Women experiencing adeno-
myosis, who conceived naturally or after infertility treatment (except
for ART therapy), had higher frequencies of preterm birth (OR, 2.57
95% Cl 1.77-3.75), preterm PROM (OR 2.80, 95% Cl 1.43-5.46), and
extremely preterm birth (OR 4.76, 95% ClI 1.75-12.91).

4.2 | Small for gestational age infant/Fetal growth
restriction

Two retrospective case-control studies and one Japanese prospec-
tive cohort study demonstrated that the birth of small for gestational
age (SGA\) infants or fetal growth restriction (FGR) was significantly
more likely to occur in the adenomyosis group than in the control
group: OR=4.3(95% CI 1.8-10.3), 3.5 (95% Cl 1.2-9.0), 1.68 (95% ClI
1.13-2.51), respet:tively.lz'14 Scala et al. reported a higher odds ratio
of SGA infants in pregnant women with endometriosis complicated

by diffuse adenomyosis.19 The prevalence of SGA was significantly
different between women with endometriosis and those with diffuse
adenomyosis. In addition, logistic regression analysis demonstrated
that the presence of diffuse adenomyosis was the only contributing
factor associated independently with the birth rate of an SGA infant
in pregnant women with endometriosis (OR 3.74, 95% Cl 1.16-12.1).
We also found that the risk of FGR in women with adenomyosis con-
ceived by spontaneous or infertility treatment without ART therapy
was higher than that in women without adenomyosis (OR 2.88, 95%
Cl 1.70-4.86).18

4.3 | Placenta-related abnormalities

Only two studies presented data on placental abnormalities, show-
ing a significantly higher risk in the adenomyosis group. The preva-
lence of placenta previa and low-lying placenta was significantly
higher in the adenomyosis group than in the control group (OR, 4.9;
95% Cl: 1.4-16.3).}2 Of note, ART was used in more than 45% of
cases. A Japanese prospective cohort study on women who con-
ceived using ART therapy revealed that the risk of placenta previa
in women with a history of adenomyosis was higher than that in
women without adenomyosis (OR 4.31, 95% Cl 1.05-17.77).28 On
the contrary, the risk of placenta previa in women who experienced
adenomyosis was not higher than in women who did not receive
ART therapy. Women who successfully undergo in vitro fertiliza-
tion have a higher risk of placenta previa than women who conceive
naturally. Pregnant women with a history of adenomyosis who con-
ceived naturally or after infertility treatment without ART therapy
had higher frequencies of placental abruption (OR 3.29, 95% ClI
1.22-8.89).18
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4.4 | Hypertensive disorders of pregnancy,
preeclampsia

In women of reproductive age, the prevalence of concurrent high
blood pressure and adenomyosis increases with advanced age.20 The
definitions for hypertensive disorders of pregnancy (HDP) include
preexisting hypertension before pregnancy. To assess the contribut-
ing factors in the development of preeclampsia by adenomyosis, two
studies excluded chronic hypertension from HDP. They found that
the prevalence of preeclampsia in the adenomyosis group was much
higher than that in the control group (OR: 21.0, 95% Cl: 4.8-124.5).12
Hashimoto et al. also found that the higher risk of preeclampsia in
primiparous women with adenomyosis was independent of maternal
age (OR, 16.2; 95% Cl 3.6-97.8). Pregnant women with adenomyo-
sis, but not endometriosis, had a higher risk of mild preeclampsia
than those without adenomyosis (OR 1.86, 95% Cl 1.11-3.14).'8
Mild preeclampsia refers to a pregnant woman characterized by new
onset of hypertension and proteinuria, which does not conform to
severe features. HDP accompanying preexisting adenomyosis devel-
oped in 8 of 61 (13.1%) subjects, and the prevalence of HDP in the
control group was 5.3% (OR 2.68, 95% Cl 1.06-6.80).1° In addition,
diffuse-type adenomyosis was more likely to concur with HDP (OR
3.54, 95% Cl 1.23-10.2) and severe HDP (OR 7.45, 95% Cl 1.70-
32.6). However, the risk of developing HDP was not significantly dif-

ferent between the focal-type and control groups.

5 | PROPOSED MECHANISMS OF
OBSTETRIC COMPLICATION IN PATIENTS
WITH ADENOMYOSIS

Endometriosis is observed in the pelvis other than the uterus and
also in the extra genitalia organs, while adenomyosis is defined as
endometrial-like foci that exist within the uterine myometrium.
Therefore, the adverse effect of adenomyosis on pregnancy outcomes
has been considered more intense than that of endometriosis. The
exact mechanisms of obstetric complications caused by adenomyo-
sis remain unknown, because information from biopsy of the uterus
collected immediately pre- and post-delivery was not available. Few
studies have accounted for the pathophysiology of adenomyosis-
complicated pregnancies; however, many reports have only investi-
gated the effects of endometriosis on pregnancy outcomes.

The etiology of infertility and miscarriages in reproductive-age
women with adenomyosis undergoing embryo transfer could po-
tentially explain how adenomyosis alters the course of pregnancy.
Although it is uncertain whether the potential proposed mechanisms
that impede embryo implantation and placenta formation in infer-
tile patients with adenomyosis give rise to obstetric complications
beyond mid-pregnancy, we presume the process of adverse preg-
nancy outcomes attributed to adenomyosis using aforementioned
mechanisms.

The eutopic endometrium in women with adenomyosis has ab-
errant immunological changes contributing to implantation failure.

50f9
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Bourdon et al. noted in their systematic review that numerous im-
munological cells and soluble factors are present in eutopic and ec-
topic endometrial-like tissues.?? Macrophages, uterine natural killer
(uNK) cells, HLA molecules, and T lymphocytes are potentially in-
volved in immune-inflammatory pathways. A potential mechanism
of implantation failure resulting in obstetric complications can be
the immunological changes that collaborate with steroid-hormonal

aberrations, known as progesterone resistance.

5.1 | Preterm delivery, preterm premature
rupture of membrane

Spontaneous preterm birth is a multifactorial condition and likely re-
sults from specific interactions between the environment and genetic
factors.?>% Thus, a specific cause is difficult to discern in most cases
of preterm births. Inflammation can be proposed as one of the rea-
sons for the association between adenomyosis and preterm birth. A
study by Tamura et al. revealed that the rate of uterine infection in pa-
tients with diffuse-type adenomyosis was higher than that in patients
with focal-type adenomyosis.24 However, we often encounter many
clinical cases of preterm births without apparent pathogen infec-
tion. Sterile inflammation can induce a common inflammatory path-
way leading to labor and contribute to the onset of parturition and
preterm birth.2> The pathogenic processes from microbial or sterile
inflammations can induce a common pathway, so-called progester-
one resistance, resulting in preterm birth. Pathogenic organisms bind
to toll-like receptors in decidual and induce the transcription factor
NF-kappaB, which triggers an inflammatory response and activates
various pro-inflammatory mediators (e.g., interleukin [IL] 1, 6, and 8;
tumor necrosis factor [TNF]).2¢ The IL-1beta binds to its receptor to
activate the ERK1/2 MAP kinase signaling cascade and inhibits de-
cidual cell progesterone receptor expression.27 Like microbial inflam-
mations, thrombin inhibits progesterone receptor protein and mRNA
expression. In addition, the critical mediators of this response are IL-
1beta and TNF, which enhance prostaglandin production by inducing
COX-2 expression in the amnion and decidua.? A synopsis of mecha-
nisms of preterm labor caused by abnormal inflammatory response
mimics immune changes seen in epithelial to mesenchymal transition
in the uterus affected with adenomyosis (Figure 1).2128

Other studies have reported increased intrauterine pressure in
patients with adenomyosis, leading to preterm birth. Increased con-
tractility of the myometrium and intrauterine pressure often precede
preterm birth. Regarding the high risk of preterm PROM in patients
with adenomyosis, Juang et al. believed that increased prostaglan-
din expression may play a role in the irritable uterine contraction
and fragile fetal membranes in patients with adenomyosis associ-
ated with preterm PROM.™ A study of myometrium thickness by
ultrasonography showed that the uterine wall was thicker and less
stretched during the second trimester of pregnancy in the preterm
delivery group than in the term delivery group.29 More frequent pre-
mature births were noted in women who had little change in the
thickness of the uterine myometrium from the first to the second
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trimester. These results suggest a positive correlation between the
rate of preterm birth and uterine wall thickness and stiffness. A re-
cent study reported that women with deep infiltrating endometrio-
sis have pathological conditions of endometriotic-like lesions in the
decidua in close contact with fetal membranes at term pregnancy.30
The authors observed that the fetal membranes in puerperium
women with deep infiltrating endometriosis were thicker than that
of controls and microscopically noticed that the trophoblastic layer
was altered by extracellular material and inflammatory infiltrates.
These data support the hypothesis that maternal deep infiltrating
endometriosis persists during pregnancy and affects the decidual
side of the chorion, possibly involved in preterm PROM.

Studies to date have demonstrated that surgical excision of
endometriosis before conception did not decrease the prevalence
of adverse pregnancy outcomes in women with a history of endo-
metriosis.*%! These findings suggest that women with or without
treatment for endometriosis are more likely to have irreversible
epigenetic changes in the eutopic endometrium. These are endome-
trial abnormalities that subsequently lead to preterm birth. In ad-
dition, because epigenetic changes are reversible and sensitive to
environmental changes, alterations in endometrial gene methylation
and gene expression affect adverse pregnancy outcomes by altering
endometrial function. One study hypothesized that the alterations
of an imprinted gene in endometriosis, the hypomethylation of pros-
taglandin E receptor 2 (PTGER?2), could be associated with preterm
birth.>?

5.2 | Small for gestational age infant/Fetal growth
restriction

Numerous causes have been suggested for FGR attributed to ad-
enomyosis, among which placental dysfunction is predominant.

Research for identifying the distance between uterine adenomyosis

and the placenta-attachment position by MRI indicates that placen-
tal localization close to adenomyosis increases the risk of FGR.%3
The risk of FGR in pregnant women whose placenta overlapped
with adenomyosis was more frequent than that in the placenta de-
tached with adenomyosis. In particular, the pregnant women with
more than 1/2 placental area covering adenomyosis gave birth to
offspring of smaller birth weight. A Japanese radiologist conducted
a clinical study to assess the blood flow in the gravid uterus and fi-
broids using a non-contrast magnetic resonance angiography tech-
nique. The blood flow within the adenomyosis lesions was increased,
while the placenta had declined blood flow in women with adeno-
myosis and severe FGR.%* The larger the placental contact with ad-
enomyosis, the greater the risk of reduced blood circulation within
the intervillous space. One hypothesis is that the insufficient feature
of placental perfusion results in a small placenta, leading to fetal

growth restrictions.

5.3 | Placenta-related abnormalities

A recent cohort study comparing pregnant women with deep infil-
trating endometriosis associated with disruption of the uterine se-
rosa to a control group found that the rate of placental abruption
was significantly higher among those with rectovaginal deep endo-
metriosis.>® Uterine structural deformation due to leiomyoma, as
seen in adenomyosis, was proposed to be a modest risk factor for
abruption.36 The submucosal location of uterine fibroids and the
large volume of leiomyoma increased the risk of placental abrup-
tion. These mechanically and biologically unstable sites alter pla-
cental implantation after inadequate decidualization or increase
the shear stress of placenta attachment. In such cases, abnormali-
ties in the early maldevelopment of the spiral arteries lead to vas-
cular disruption and bleeding, resulting in decidual necrosis and

placental inflammation. Thrombin formation after bleeding plays
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a critical role in the pathogenesis of placental abruption. Chronic
retroplacental hemorrhage can lead to the rapid development of
potentially life-threatening clinical manifestations of abruption. In
addition, thrombin is a potent, direct uterotonic agent that can lead
to uterine hypertonus and contractions. The increased incidence of
placental abruption in women with preterm PROM was reported
in a retrospective study.®” We also demonstrated that the risk of
preterm PROM in women with adenomyosis was much higher than
that in women with endometriosis.'® Thus, one hypothesis is that, in
women with adenomyosis, the high incidence of preterm PROM may
be a causative factor for placental abruption.

5.4 | Hypertensive disorders of pregnancy,
preeclampsia

Defective remodeling of spiral arteries in the myometrial segment
was first described in patients with preeclampsia, alone or in combi-
nation with FGR.%® A major feature of the pathophysiology of preec-
lampsiais the failure of fetal trophoblasts to invade the spiral arteries,
resulting in reduced placental perfusion and hypoxia. Brosens et al.
coined the term “great obstetrical syndromes” to describe obstetrical
complications that may contribute to preterm delivery, fetal growth
restriction, and preeclampsia caused by abnormal placental remod-
eling and early incomplete placentation.®’ Brosens accounted for
the limited range of spiral artery remodeling in the JZ in pregnancy
complicated by severe preeclampsia compared with the physiologi-
cal remodeling in normal pregnancy.40 Histopathologic studies have
revealed that the rate of non-transformed spiral arteries in the uter-
ine myometrium is more frequent in women with preeclampsia than
in women with preterm labor.*! Obstetric complications in women
with adenomyosis may vary depending on the degree of remodeling
failure of the spiral artery in the uterine junctional zone. Increased
sterile inflammatory status during pregnancy is known to facilitate
the development of preeclampsia.*? Sterile inflammation potentially
develops as a consequence of chronic hemorrhage caused by ab-
normal placental malformation in early gestation and chronic inflam-
mation in the myometrium, concurrent with adenomyosis. The uNK
cells are a crucial component of immune response and play an essen-
tial role during implantation, which precedes accumulation around
spiral arteries before trophoblast invasion. The dysfunction of uNK
cells plays a crucial role in the impaired implantation, an event de-
scribed in women with adenomyosis.?! Therefore, it is plausible that
sterile inflammation caused by adenomyosis might interfere with

deep placentation, contributing to the onset of preeclampsia.

6 | THE DIFFERENT SUBTYPES OF
ADENOMYOSIS EXERT A POSSSIBLE
INFLUENCE ON PREGNANCY OUTCOMES

We present a feasible explanation for the risk of obstetric com-
plications in women with adenomyosis that may vary depending
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on the conditions of the adenomyosis, such as location subtype.
Adenomyosis has been conventionally categorized into focal and
diffuse types according to the expansion of mimic endometrium-like
tissue within the uterine muscle. A Japanese multicenter retrospec-
tive survey revealed that women diagnosed with diffuse adeno-
myosis had a higher risk of preeclampsia and uterine infection than
women diagnosed with focal type.?* According to the systematic
review that analyzed women with adenomyosis receiving uterus-
sparing surgery, women with diffuse adenomyosis had reduced
pregnancy rates compared with women with focal type.43 Diffuse
adenomyosis involves alterations in the entire uterine muscle layer,
particularly sub-endometrial constituents, responsible for adverse
obstetric complications. A Japanese group recently proposed cat-
egorizing adenomyosis into four subtype groups adjacent to the
pathophysiological mechanism of adenomyosis.10 lwasawa et al. in-
vestigated ART therapy outcomes by classifying the adenomyosis
based on the location subtype from imaging of MRI.** They reported
that women with intrinsic adenomyosis (classical type adenomyo-
sis), demonstrated higher miscarriage rates and lower live birth rates
than women with extrinsic adenomyosis (located in extrinsic sites).
From the aforementioned, the alterations of the inner uterine layer
are integral components of normal decidualization and placentation
and contribute to adverse obstetric complications. In particular, the
intactness of the JZ or endometrial-myometrial border layer may sig-
nificantly impact the establishment of pregnancy and have negative
consequences for pregnancy outcomes. Further prospective stud-
ies, which explore the divergent obstetric complications according
to the subtype of adenomyosis, are needed to expand on current
findings.

7 | CONCLUSIONS

Adenomyosis is a heterogenic disorder with varying extent of le-
sions, ranging from multiple lesions with diffuse myometrial hy-
pertrophy to more discrete focal lesions. It has emerged as one of
the relevant factors associated with several late-term pregnancy
complications based on literature analysis. Therefore, it is plausi-
ble that the impact of adenomyosis on pregnancy outcomes is not
always the same; rather it is dependent on the degree of uterine
involvement and subtypes. The increased risk of obstetric compli-
cations caused by thickening of the myometrium, aberrant uterine
distensibility, and deformation of the uterine cavity attributed to
adenomyosis is different from the risk of obstetric complications
in women with endometriosis. The pathophysiological explana-
tion of adverse pregnancy outcomes in women with adenomyosis
includes many mechanisms, and complex biochemical pathways
remain unclear.

In order to prevent impaired inadequate placentation, tropho-
blast invasion, and uteroplacental perfusion with subsequent higher
risk for preterm birth, placental abruption, FGR, and preeclampsia,
there are no treatments before and after conception in women with

adenomyosis. Ultra-long gonadotropin-releasing hormone (GnRH)
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analog protocols for women with adenomyosis conceived with ART
therapy may increase the pregnancy rate.*® However, there is no ev-
idence that ART therapy after GnRH analog treatment reduces ob-
stetric complications. In addition, obstetricians do not recommend
adenomyomectomy before conception to reduce the risk of obstet-
ric complications due to the high risk of uterine rupture. Further
research in the field should aim at developing infertility treatments
for women with adenomyosis that can reduce the risk of obstetric
complications.

Further molecular research is needed to clarify the pathophysio-
logical pathways responsible for modifying the impact of adenomyo-
sis on pregnancy outcomes. Thus, future studies targeting pregnant
women categorized according to the different subtypes of adeno-

myosis are needed to confirm the preceding theories.
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