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Abstract

Purpose of Review To critically evaluate the most recent evidence on obstetric outcomes in women with adenomyosis.
Recent Findings There is growing evidence suggesting an increased risk of obstetrical complications in women with
adenomyosis.

Summary An electronic search was conducted among the databases of PubMed, Google Scholar, and Cochrane review from
January 2016 to March 2021. Nine observational studies fulfilled the inclusion criteria. Limitations of eligible studies include
the presence of a majority of pregnancies achieved by ART, despite ART pregnancies being reported to be associated per
se with a higher risk of adverse obstetric outcome; lack of information regarding the presence or absence of endometriosis;
nonhomogeneous diagnostic criteria for adenomyosis; lack of the description of the severity of adenomyosis; and different
timing of the diagnosis either before or during pregnancy. All studies reported that adenomyosis is associated with preterm
delivery. Moreover, available data suggest that adenomyosis is associated with lower pregnancy rates after assisted reproduc-
tive techniques (ART) and higher rates of small-for-gestational-age (SGA)/low-birth weight (LBW) infants, cesarean delivery,
and hypertensive disorder of pregnancy (HDP). Further studies on naturally conceived pregnancies, accurately designed in
order to consider potential confounding factors, are needed in order to estimate the actual role of adenomyosis on fertility and
obstetric and neonatal outcomes. Until more accurate data are available, it seems wise to foresee, when managing pregnant
women with adenomyosis, the possible need for additional obstetric and intra-partum care.
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Introduction obstetrical outcome [1]. On the other hand, 5 years later,

in 2021, a systematic review and meta-analysis reported

In the last decade, several studies have evaluated the poten-
tial role of endometriosis in determining an adverse obstetric
outcome. However, previous studies evaluating obstetric out-
come in women with adenomyosis have reported conflicting
results. On the one hand, a relatively recent review, pub-
lished in 2016, concluded that adenomyosis does not affect

This article is part of the Topical Collection on Uterine Fibroids
and Endometrial Lesions

< Nicola Berlanda
nicola.berlanda @unimi.it

' Fondazione IRCCS Ca’ Granda Ospedale Maggiore
Policlinico, Universita Degli Studi di Milano, Via della
Commenda, 12-20122 Milan, Italy

Department of Clinical Sciences and Community
Health, Universita Degli Studi, Via della Commenda,
12-20122 Milan, Italy

Published online: 08 April 2022

impaired fertility outcomes after assisted reproductive tech-
niques (ART), such as a reduced clinical pregnancy rate and
a higher miscarriage rate, as well as a significant association
between adenomyosis and an increased risk of preeclampsia,
preterm delivery, cesarean delivery, fetal malpresentation,
small-for-gestational-age (SGA) infants, and postpartum
hemorrhage (PPH) [2ee].

Published studies on this subject are potentially biased,
because they do not always take into account potential con-
founding factors such as age, parity, mode of conception,
concomitant endometriosis, diagnostic criteria, and severity
of adenomyosis and previous medical or surgical treatment
of adenomyosis [2e¢]. In the last years, however, the impor-
tance of overcoming such methodological biases has been
repeatedly pointed out and standard and reproducible ultra-
sonographic and MRI diagnostic criteria for adenomyosis
have been established [3, 4].
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In order to ascertain whether the increased focus on
the adenomyotic disease in recent years contributed to the
availability of more solid evidence, we sought to pursue this
narrative mini-review investigating the evidence published
in the last 5 years regarding the association of adenomyo-
sis with reproductive, obstetric, and neonatal outcomes of
women who conceived either naturally or by ART.

Materials and Methods

A search of PubMed publisher-supplied records for stud-
ies published between January 2016 and March 2021 was
performed. We searched “adenomyosis and obstetrical
outcome” and found 6318 articles. Two reviewers inde-
pendently reviewed titles, abstracts, and full article’s text
to identify eligible studies. Discrepancies were resolved by
discussion. Studies were excluded for the following reasons:
4873 were deemed clearly unrelated to the topic, 395 were
not comparative, 178 were not in English, 439 lacked to
consider obstetric and neonatal outcomes or to describe
how adenomyosis was diagnosed or whether infertility
was present, 26 used animal models (Fig. 1). One reviewer
abstracted data into standard evidence tables, and the second

Fig.1 The flowchart of the
study selection process

Study reports identified through
database searching (n= 6318)
PubMed (n=177), Google Scholar
(n=6102), Cochrane Review (n=39)

reviewer checked them for accuracy. Some outcomes were
calculated from raw data reported in study publications
to facilitate comparability across trials and thus may dif-
fer from the findings highlighted in the main results of the
original publications.

Nine observational studies were eventually considered
eligible for the present mini-review. Five studies were ret-
rospective [5e, 6-9], and 4 were prospective [10—13]. In four
studies, pregnancies achieved by ART only were evaluated
[7, 11-13]. In the remaining five studies, both naturally
conceived (NC) and ART pregnancies were evaluated [5e,
6, 8—10]. In thesestudies, results were presented altogether
without differentiating NC and ART pregnancies,with the
exception of one study presenting, in addition to the overall
results, also the resultsseparately for NC and ART pregnan-
cies [8].

All studies included one or more control group/s of
women without adenomyosis. In onestudy, all women in
both adenomyosis and control group had endometriosis
[6]. In another study, women with adenomyosis only and
women with adenomyosis and endometriosis wereseparately
evaluated, and controls included women with endometriosis
without adenomyosisas well as women with tubal infertility
[7]. In two studies, focal adenomyosis, located in onlyone

Study reports duplicated
(n=398)

Study reports after duplicates
removal (n=5920)

Study reports not pertinent
(n=4873)

Full text articles assessed for
eligibility (n=1047)

Full text articles excluded
with reasons (n=1038)

Studies included in this narrative
review (n=9)

@ Springer



Current Obstetrics and Gynecology Reports

part of the myometrium, and diffuse adenomyosis, defined
as the presence of ill-definedlesion dispersed within the
entire myometrium [6, 9], were separately evaluated. In one
study,the outcomes of ART in women with adenomyosis
receiving a long vs. ultra-long GnRHagonist were compared
[13]. In one study, clinical pregnancy rates were evaluated
accordingto a sonographic score that classifies adenomyosis
in different grades of severity [12].

Adenomyosis was diagnosed by transvaginal ultrasonog-
raphy (TVUS) alone in six studies: 2D TVUS was used in
four of them [6-8, 13], and 3D TVUS in the remaining two
studies [11, 12]. In two studies, adenomyosis was diagnosed
by TVUS and/or MRI [5e, 9], and in one study, data were
collected with a self-reported questionnaire [10].

Adenomyosis was diagnosed before conception in five
studies [6, 7, 11-13], before pregnancy, or in early preg-
nancy in two studies [5e, 9] and in the first trimester of preg-
nancy in one study [8].

Clinical pregnancy was defined as the detection by TVUS
of an intrauterine gestational sac [11] or as the presence
of an embryo with a heartbeat assessed by TVUS either at
4 weeks [7], 6 weeks [12], or 8 weeks [13] after embryo
transfer. Miscarriage was defined as clinical pregnancy loss
before 20 weeks [7, 11], between 13 and 22 weeks [5e],
before 28 weeks [13], or regardless of gestational age [12].
Live birth was defined as the delivery of an alive fetus after
26 completed weeks of gestation [7]. SGA were neonates
with a birthweight below the 10th percentile [5e, 6, 9], or
below —1.5 standard deviations for gestational age [10].
Low birth weight (LBW) was less than 2500 g [8, 10] and
very low birth weight was less than 1500 g [10] regard-
less of gestational age. Preeclampsia was defined as gesta-
tional hypertension and proteinuria > 300 mg/24 h [5e, 6,
7]. Hypertensive disorder ofpregnancy (HDP) was defined
as blood pressure persistently higher than 140/90 mmHg
after20 weeks of gestation in a previously normotensive
woman [5e, 9]. Post-partum hemorrhage(PPH) was defined
as a blood loss > 1000 ml after cesarean delivery or > 500
ml after vaginaldelivery.

Results

The findings of studies that included only women who
conceived by ART, both in the adenomyosis group and in
the control group, are reported in Table 1. A total of 837
women with adenomyosis and 5331 without adenomyosis
were included.

Clinical Pregnancy Rate

Clinical pregnancy rate was significantly lower in women
with adenomyosis in three out of four studies. In the study by

Sharma et al., a higher pregnancy rate was observed in tubal
factor control group as compared to both groups endome-
triosis plus adenomyosis (34.5% vs. 22.7%; OR: 1.79, 95%
CI: 1.05-3.06; p=0.03) and adenomyosis only (34.5% vs.
23.4%; OR: 1.72,95% CI: 0.93-3.17; p=0.07); similarly, a
higher pregnancy rate was observed in endometriosis control
group as compared to both groups endometriosis plus adeno-
myosis (36.6% vs. 22.7%; OR: 1.96, 95% CI: 1.14-3.38;
p=0.01) and adenomyosis only (36.6% vs. 23.4%; OR:
1.89,95% CI: 1.02-3.50; p=0.04) [7]. Hou and colleagues
observed that the clinical pregnancy rate was significantly
lower in women with adenomyosis receiving a long GnRH
agonist treatment as compared to both controls (50.5% vs.
68.4%; p<0.001) and to women with adenomyosis receiv-
ing an ultra-long GnRH agonist treatment (50.5% vs. 63.8%;
p=0.017) [13]. In the study by Mavrelos et al., the clini-
cal pregnancy rate was significantly lower in women with
adenomyosis as compared to controls (29.2% vs. 42.6%, RR
0.68; p=0.044) [12]. Neal et al. did not find any significant
difference in clinical pregnancy rate between adenomyosis
group and controls (80% vs. 75%, p=0.29) [11].

Miscarriage

Miscarriage rate was significantly higher in women with
adenomyosis in two out of four studies. In the study by
Sharma et al., a lower miscarriage rate was observed in tubal
factor control group as compared to both groups endome-
triosis plus adenomyosis (13.04% vs. 35%; OR: 0.27, 95%
CI: 0.09-0.77; p=0.01) and adenomyosis only (13.04% vs.
40%; OR: 0.22, 95% CI: 0.07-0.69; p=0.009); similarly, a
lower miscarriage rate was observed in endometriosis con-
trol group as compared to both groups endometriosis plus
adenomyosis (14.6% vs. 35%; OR: 0.32,95% CI: 0.11-0.90;
p=0.03) and adenomyosis only (14.6% vs. 40%; OR: 0.26,
95% CI: 0.08-0.80; p=0.02) [7]. Hou et al. observed the
miscarriage rate to be significantly higher, as compared
to controls, in women with adenomyosis that were either
treated with long GnRH agonist (10.4% vs. 25.5%; p <0.05)
or with ultra-long GnRH agonist (10.4% vs. 17.4%; p <0.05)
[13]. A comparable rate of miscarriage between adenomyo-
sis and control groups was reported in the studies by Neal
etal. (10.5% vs. 7.7%, p=0.36) [11] and by Mavrelos et al.
(4.8% vs. 16.3%, RR 0.29; p=NS) [12].

Live Birth Rate

Live birth rate was significantly lower in women with
adenomyosis in two out of three studies. In the study by
Sharma et al., a higher live birth rate was observed in
tubal factor control group as compared to both groups
endometriosis plus adenomyosis (27.5% vs. 11.3%; OR:
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2.95, 95% CI: 1.48-5.88; p=0.002) and adenomyosis
only (27.5% vs. 12.5%; OR: 2.65, 95% CI: 1.22-5.71;
p=0.01); similarly, a higher live birth rate was observed
in endometriosis control group as compared to both
groups endometriosis plus adenomyosis (26.5% vs.
11.3%; OR: 2.81, 95% CI: 1.40-5.65; p <0.04) and
adenomyosis only (26.5% vs. 12.5%; OR: 2.52, 95% CI:
1.16-5.49; p=0.02) [7]. Hou et al. found that live birth
rate was significantly lower in women with adenomyosis
receiving a long GnRH agonist treatment as compared to
both controls (37.6% vs. 58.5%; p <0.001) and to women
with adenomyosis receiving a ultra-long GnRH agonist
treatment (37.6% vs. 52.4%; p=0.01) [13]. Neal et al.
did not find any significant difference in the live birth
rate between adenomyosis group and controls (69.5% vs.
66.5%, p=0.57) [11].

Other Outcomes

Shin et al. reported a higher rate in the adenomyosis group
of preterm delivery before 37 weeks (28.0% vs. 6.4%;
p=0.003) and of low birth weight <2500 g (28.0% vs.
4.8%; p=0.003) [8]. Sharma et al. reported an increased
rate of SGA infants in women with adenomyosis (with
and without endometriosis) as compared to tubal factor
controls (22.7% vs. 5%, OR: 0.17, 95%, CI: 0.05-0.62;
p=0.007) [7]. In this study, no significant differences
were observed for the following outcomes: preeclampsia,
PPH for both cesarean and vaginal delivery, antepartum
hemorrhage, severe preterm delivery, intrauterine demise
(p=NS) [7]. Hou et al. found that implantation rate was
significantly lower in women with adenomyosis receiv-
ing a long GnRH agonist treatment as compared to both
controls (36.9% vs. 49.5%; p=0.001) and to women with
adenomyosis receiving an ultra-long GnRH agonist treat-
ment (36.9% vs. 43.5%; p=0.047) [13].

The outcomes of the studies that included both NC and
ART pregnancies are reported in Table 2 and Table 3. A
total of 551 women with adenomyosis and 101,904 with-
out adenomyosis are included. The prevalence of ART
pregnancies among cases and controls was comparable in
three studies, ranging between 17.2 and 46.9% in women
with adenomyosis and between 12.8 and 46.9% in controls
[Se, 6, 9]. In the remaining two studies, the proportion of
women who conceived by ART was significantly higher in
the adenomyosis group than in the control group: 34.7%
vs. 2.3% and 19.3% vs. 3%, respectively [8, 10].

In the subgroup of NC pregnancies only, reported in
one study only, the rate of preterm delivery (4.3% vs.
4.0%) and the rate of LBW neonates (6.4% vs. 3.1%;
p=0.175) were comparable between women with adeno-
myosis and controls [8].

Preterm Delivery

All the four NC/ART studies evaluating this issue found
a significantly higher risk of preterm delivery before
37 weeks. Shin et al. found preterm delivery to be signifi-
cantly higher in the adenomyosis group as compared to con-
trols both before 37 weeks (12.5% vs. 4.1%, OR: 3.36, 95%
CI: 1.66-6.82; p <0.001) and before 32 weeks (6.9% vs.
0.3%, OR: 24.53,95% CI: 9.12-66.02; p < 0.001) [8]. In the
study of Yamaguchi et al., preterm delivery was significantly
more frequent in the adenomyosis group than in the control
group, both before 37 weeks (15.8% vs. 5.2%; p <0.001) and
before 34 weeks (3.5% vs. 1.2%; p <0.001) [10]. Preterm
delivery before 37 weeks was found to be significantly more
frequent in the adenomyosis group than in the control group
in the studies by Hashimoto et al. (24.4% vs. 9.3%, OR: 3.1,
95% CI: 1.2-7.2; p=0.003) [5¢] and Shinohara et al. (21.3%
vs. 9.4%, OR: 2.6, 95% CI: 1.23-5.5; p=0.01) [9]. In the
study by Shinohara et al., women with diffuse adenomyosis,
as compared to women with focal adenomyosis, showed a
higher rate of preterm delivery before 37 weeks (29.3% vs.
7.3%, OR 5.24, 95% CI 2.15-12.8, p<0.001) as well as a
smaller median gestational age at delivery (35.8 +4.3 vs.
38.7+1.4, p=0.004) [9].

Small-for-Gestational-Age and Low Birth Weight

A significantly higher rate of SGA neonates was observed in
three out of four NC/ART studies and a significantly higher
rate of LBW neonates in two out of three NC/ART studies
evaluating these issues. Scala et al. reported that the rate of
SGA babies, as compared to control women with endome-
triosis and without adenomyosis, was significantly increased
in women with endometriosis and diffuse adenomyosis (40%
vs. 10.8%; p < 0.005), but was not significantly increased in
women with endometriosis and focal adenomyosis (21.1%
vs. 10.8%, p=0.093) [6]. Shin et al. reported that women
with adenomyosis, as compared to women without adeno-
myosis, had a significantly higher risk of LBW neonates
(13.9% vs. 3.1%, OR: 5.05, 95% CI: 2.56-9.97; p < 0.001)
as well as of VLBW neonates (4.2% vs. 0.3%, OR: 15.54;
95% CI: 4.56-52.97; p <0.001) [8]. Hashimoto et al. found a
significant difference in the risk of delivering a SGA neonate
in the adenomyosis group vs. the control group (20.9% vs.
7.0%, OR: 3.5,95% CI: 1.2-9.0; p=0.004) [Se]. In the study
by Yamaguchi et al., women with adenomyosis, as com-
pared to controls, had a significantly increased rate of SGA
neonates (8.7% vs. 5.2%, p=0.006), LBW neonates (18.3%
vs. 8.8%; p<0.001), and VLBW neonates (2.9% vs. 0.7%;
p<0.001) [10]. Shinohara et al. did not find any significant
difference in the rate of SGA neonates when comparing
women with diffuse adenomyosis and controls (14.6% vs.
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8.5%) or women with focal adenomyosis and controls (10%

g . vs. 7.5%) [9].

g:2:5  |Z:

gasges v o Postpartum Hemorrhage

[2]

§ Postpartum hemorrhage was significantly higher in women
& gz with adenomyosis in one out of two studies that evaluated
E S ; g,: this outcome. In the study by Shinohara et al., a significant

increase of PPH in the adenomyosis group vs. control group
was observed for the total amount of women in the study

. E7% (57.3% vs. 36.8%, OR: 2.30, 95% IC 1.30-4.07; p=0.004)
% 8 _ 8 &‘i o and for women undergoing cesarean delivery (82.6% vs.
“ESEZS “ 35.7%, OR: 8.55, IC 2.45-29.8: p<0.001), but not for
2 women who delivered vaginally (40.7% vs. 37.7%, OR: 1.13,
'fj g £ IC 0.49-2.61; p=0.76). In the cesarean delivery group, the
SE < rate of PPH was significantly more frequent as compared

Cases: diffuse Age, parity, 35.2 vs

Hypertensive disorder of pregnancy and preeclampsia were
significantly higher in women with adenomyosis in two out

@ to controls in women with diffuse adenomyosis (89.5% vs.
o " @ .
28 % =5 34.6%, OR: 16.1,95% IC: 3.01-85.6; p <0.001), whereas it
=X : = . .
g g '% é =g was comparable to controls in women with focal adenomyo-
g % 8 S 23 sis (50% vs. 44.4%, p=NS). In the vaginal delivery group,
<285T the incidence of PPH, as compared to controls, was not
significantly different for women with diffuse adenomyosis
< (58.3% vs. 45.9%, OR: 1.64, 95% CI: 0.49-5.50; p=0.54)
S 2 § o and for women with focal adenomyosis (50.3% vs. 45.9%,
N <[=< p=NS) [9]. Hashimoto et al. did not find any significant dif-
2 ference in blood loss in the adenomyosis group compared to
%D 3 controls after cesarean delivery (32% vs. 12.5%) or vaginal
E g %g delivery (53.3% vs. 41.6%) [5e].
Cesarean Delivery
> ° f Cesarean delivery rate was significantly higher in women
S
< [=< with adenomyosis in three out of four studies that evaluated
EQ this outcome. A significant increase of cesarean delivery rate
%‘ < 9, was reported by Hashimoto et al. (65.1% vs. 31.4%, OR: 4.0,
_qg % O © § g 95% CI: 1.9-8.6; p<0.001), Yamaguchi et al. (36.7% vs.
< & A S 19.5%; p <0.001), and Shinohara et al. (46.0% vs. 20.9%,
Q
5085 o OR: 3.22 95% IC: 1.68-6.19; p<0.001) [Se, 9, 10]. Shin
8 2 < g é % et al. did not find a significant difference between women
|72] < . . . .
.= o E 5B %ﬂ with adenomyosis and controls in cesarean delivery rate,
O =
23 S5 EZ| 8 43.8% vs. 36.4%, p=NS [8].
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2 £E E Hypertensive Disorder of Pregnancy
288 z and Preeclampsia
25 £23 | ¢
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NS not significant, TVUS transvaginal ultrasound

>
= E g of two studies and in one out of two studies that evaluated
é S 5 v these outcomes, respectively. Hashimoto et al. reported an
g S increase risk in the adenomyosis group as compared to the
= . £ = é control of both HDP (30.6% vs. 6.1%, OR: 6.7, 95% CI:
% :cf . é = E 2.7-18.2; p<0.001) and preeclampsia (18.3% vs. 1.2%,
e 28 5" = OR: 21.0,95% CI: 4.8-124.5; p <0.001) [Se]. In this study,
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preeclampsia was significantly more common in nulliparous
than in multiparous women with adenomyosis and it was not
related to increased maternal age [Se]. Shinohara et al. found
that the incidence of HDP was significantly higher in the
adenomyosis group as compared to the control group (13.1%
vs. 5.3%, OR: 2.68, 95% CI: 1.06-6.8; p=0.045). Severe
HDP (blood pressure > 160/100) was more frequent in the
adenomyosis group, but the difference was not significant
(9.8% vs. 3.6%, p=NS) [9]. Scala and colleagues, compar-
ing the diffuse adenomyosis group to controls (20.0 vs. 8.1%,
p=NS) and the focal adenomyosis group to controls (15.8%
vs. 8.1%, p=NS), did not find any significant difference in
the prevalence of preeclampsia [6].

APGAR

Score
<7 (%)

5 min

GDM
(%)
14.8
8.6

VS

Miscarriage

Miscarriage

malpresentation (%)

(%)
82vs3.3

Fetal

Miscarriage was evaluated by one study only. Hashimoto
et al. reported a significantly higher rate of spontaneous sec-
ond trimester miscarriage in the adenomyosis group than
in the control group (12.2% vs. 1.2%, OR: 11.2, 95% CI:
2.2-71.2; p<0.001) [Se].

573vs36.8
=0.004;

Cesarean
delivery
Vs. controls
826vs
357,
p<0001*
Vaginal
delivery
Vs controls
40.7vs
377,p

PPH (%)

Placental Malposition

Placental
8.2vs3.3

(%)

Placental malposition was significantly higher in women
with adenomyosis in one out of two studies that evaluated
this outcome. Hashimoto et al. reported a significant increase
of incidence of placental malposition, including placenta
previa, in the adenomyosis group than in the control group
(14.2% vs. 3.2%, OR: 4.9,95% CI: 1.4-16.3; p <0.001) [Se].
Shinohara et al. found a not significant increase in the adeno-
myosis group as compared to the control group (8.2% vs.
3.3%, OR: 2.63,95% IC 0.83-8-36; p=0.14) [9].

delivery (%) malposition

Cesarean
46 vs
20.9%

eclampsia

Pre
(%)

Fetal Malpresentation

HDP

n (%)
13.1
vs 5.3%
Severe
HDP:
9.8 vs
3.6

Fetal malpresentation was not significantly increased in
women with adenomyosis vs. controls in both the studies
that evaluated this outcome (16.3% vs. 8.9% and 8.2% vs.
3.3%, respectively; p=NS) [Se, 9].

LBW (%)

Other Outcomes

SGA
(%)
13.1
Vs
9.8

Neonatal Apgar score after 5 minutes: none out of two stud-
ies found any significantdifference between the adenomyosis
group and controls (p = NS) [5e, 6]. The frequency ofges-
tational diabetes was not significantly increased in women
with adenomyosis vs. controlsin the studies of Shinohara
et al. (14.8% vs. 8.6%, OR: 1.83, 95% IC: 0.80-4.25, p =
NS) andHashimoto et al. (2% vs. 17.1%, OR: NA; p = NS)
[Se, 9]. Shinohara et al. reported pPROMto be significantly
increased in the diffuse adenomyosis group as compared

Preterm
delivery (%)
21.3 vs

9.4%
Numbers are expressed as absolut value (percentage) or percentage

Shinohara
et al.[9]
*p value < 0.05

HDP hypertensive disorders of pregnancy, LBW low birth weight (<2500 g), NS not significant, PPH postpartum hemorrage, SGA small for gestational age

Table 3 (continued)

Author,
year

@ Springer



Current Obstetrics and Gynecology Reports

to the controlgroup (12.2% vs. 2.4%, OR: 5.56, 95% IC
1.42--21.7, p = 0.02) [9].

Discussion

The most recent studies published in the last 5 years on
the role of adenomyosis on pregnancy outcome still reveal
methodological flaws. The most evident confounding factor
is that the majority of pregnancies were achieved by ART,
despite ART pregnancies being reported to be associated
per se with a higher risk of adverse obstetric outcomes, such
as preeclampsia, preterm delivery, and low birth weight [14,
15]. In this regard, it has to be noted that the only study
comparing obstetric outcomes in women with adenomyosis
by mode of conception reported significantly higher rates
of preterm delivery and low birth weight neonates only
after conception by ART and not after natural conception
[8]. Another limitation, affecting five out of nine studies
included in this mini-review, is the lack of information
regarding the presence or absence of endometriosis in both
case and control groups [5Se, 8,9, 11, 12 ]. In fact, adeno-
myosis and endometriosis have the tendency to coexist and
they may share some of the biological mechanisms that are
supposed to impair pregnancy outcome such as activation
of local and systemic inflammatory pathways; change in the
immunologic milieu of the endometrium with higher lev-
els of pro-inflammatory mediators such as prostaglandins;
and altered uterine contractility [16—18]. Finally, we found
thatamong studies included in the present review, the diag-
nosis of adenomyosis was not uniform.In the largest study,
the diagnosis was based on a self-reported questionnaire
collected duringpregnancy, without an imaging assess-
ment by the authors [10], whereas in the remainingstudies,
although there was general agreement on the ultrasono-
graphic diagnostic criteria foradenomyosis, potential con-
founding factors were represented by lack of the description
of theseverity of adenomyosis in most study and by the dif-
ferent timing of the diagnosis, eitherbefore or during preg-
nancy. Due to these intrinsic limitations of previous studies
and theheterogeneity of data, we abstained from performing
a proper meta-analysis and decided tosimply report the most
recent findings on the relationship between adenomyosis
and obstetricoutcome in a narrative review.

Available results from the latest evidence do not seem to
allow definitive conclusions on the effect of adenomyosis on
obstetrical outcome. Among studies evaluating ART preg-
nancies only, previous findings reporting a lower clinical
pregnancy rate and a lower live birth rate in women with
adenomyosis [19, 20] are supported by three out of four
studies [7, 12, 13]. Confounding factors for these outcomes
are the potential older age of women with adenomyosis as
compared to controls [11] as well as the inclusion of almost

@ Springer

50% of parous women, thus possibly selecting a population
at better “a priori” fertility prognosis, in the study that did
not report any detrimental effect of adenomyosis [11]. Even
more uncertain was the evidence on the risk of miscarriage,
significantly correlated to adenomyosis in two studies [7,
13], but unrelated to adenomyosis in two other studies [11,
12], as well as on the risks of preterm delivery, LBW, and
SGA neonates that were evaluated and found increased for
women with adenomyosis in a single study only [8].

Among studies mixing NC and ART pregnancies, the
most solid evidence, in agreement with previous findings
evaluating this issue [16, 21, 22], concerns the risk of pre-
term delivery that was evaluated in four studies and found
significantly increased in women with adenomyosis in all
of them [5e, 8-10].

As for other obstetrical outcomes, although the quality of
evidence is lower due to conflicting results between studies
and/or to the small number of women recruited, the present
mini-review suggests, in agreement with previous findings
[2ee, 23], an increased prevalence among women with aden-
omyosis of SGA and/or LBW neonates (observed in four out
of five studies) [5e, 6, 8, 10], cesarean delivery (three out of
four studies) [5e, 9, 10], HDP (two out of two studies) [5e,
9], and miscarriage (one study) [Se]. These findings suggest
that pregnant women with adenomyosis face an increased
risk of obstetric complications and are in need of receiving
additional and specific obstetric care.

The evidence from the studies included in this mini-
review are inconsistent on whether adenomyosis might be
associated with an increased risk of preeclampsia, placen-
tal malposition, and hemorrhage after cesarean delivery.
Further studies are needed to draw definitive conclusions
on these relevant obstetric complications. In our opinion, a
particular consideration should be paid by future studies on
pregnant women with adenomyosis, to the evaluation of the
possibly increased risks associated with delivery. In fact, it
is imperative to know whether women with adenomyosis, or
what kind of women with adenomyosis, are to be equated,
as for the risk of peripartum complications, to women with
placenta previa and/or severe deep endometriosis [23]. Such
evidence is needed in order to allow women at increased risk
for life-threatening complications such as massive hemor-
rhage and visceral lesions and the need for obstetric hyster-
ectomy to be referred for delivery in tertiary care institutions
with the availability of expert surgeons and a blood bank
[24, 25].

Conclusion
In conclusion, the most recent studies, published over the

last 5 years, demonstrate that adenomyosis is associated
with preterm delivery. Also, available data suggest that
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adenomyosis is associated with lower pregnancy rates after
ART and higher rates of SGA/LBW infants, cesarean deliv-
ery, and HDP. Further studies on naturally conceived preg-
nancies, accurately designed in order to consider potential
confounding factors, are needed in order to estimate the
actual role of adenomyosis on fertility and obstetric and
neonatal outcomes.
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