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Adenomyosis and fertility: does adenomyosis impact
fertility and does treatment improve outcomes
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Purpose of review

Adenomyosis has recently been associated with infertility. Relief of bleeding and pain has been demonstrated
with medical and surgical therapy. Less is known about reproductive outcomes after treatment.

Recent findings

Imaging findings during infertility evaluation can be suggestive of adenomyosis without pathologic
evaluation. Among women with infertility undergoing assisted reproductive technologies (ART),
adenomyosis is associated with lower live birth rates and clinical pregnancy rates. Treatment with
gonadotropin releasing hormone (GnRH) modulators prior to frozen embryo transfer may increase the live
birth rate and clinical pregnancy rate among women with adenomyosis. Pregnancy has been documented
following image-guided adenomyosis ablation; however, the reproductive impact is not well established.
Pregnancy following excisional procedures appears to be well tolerated, although may carry a higher risk
of uterine rupture compared with pregnancy following myomectomy. It is not clear if ablative therapy or
resection increases pregnancy rates.

Summary

Adenomyosis is associated with lower embryo implantation rates and ongoing pregnancy rates.
Adenomyotic changes in the uterus can be seen by ultrasound and MRI. GnRH modulators may be useful
for women with adenomyosis undergoing ART. Additional prospective data is warranted to determine the
optimal medical or surgical therapy for women with adenomyosis desiring conception.
Video abstract Supplementary digital content, http://links.lww.com/COOG/A78.

Keywords

adenomyosis, in-vitro fertilization, infertility, ultrasound
Minimally Invasive Gynecologic Surgery,Women's Health Center, New-

ton-Wellesley Hospital, Newton, Massachusetts, USA

Correspondence to Hannah M. French, MD, Fellow, Minimally Invasive

Gynecologic Surgery,Women's Health Center, Newton-Wellesley Hos-
INTRODUCTION

Adenomyosis describes the disorderwherein endome-
trial glands and stroma are abnormally located in the
uterine myometrium. Adenomyosis leads to changes
in the endometrium and abnormal uterine contrac-
tility, which can cause dysmenorrhea, abnormal ute-
rine bleeding, and infertility. Changes in the uterine
morphology thought to be because of the presence of
adenomyosis can be seen by transvaginal ultrasound
(TVUS) and MRI in women undergoing infertility
evaluation. Treatment of adenomyosis in patients
with infertility may improve reproductive outcomes.
The primary objective of this review is to summarize
the impact of adenomyosis on fertility and the impact
of treatment on reproductive outcomes.
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BACKGROUND

In adenomyosis, ectopic endometrial glands and
stromaare associatedwithchanges in the surrounding
rs Kluwer Health, Inc. All rights rese

t © 2022 Wolters Kluwe
myometrium[1]. Altered tissue structure and function
at the endometrial myometrial junction may impact
fertility and reproductive outcomes. Among women
with infertility, adenomyosis has been associatedwith
a lower clinical pregnancy rate, higher miscarriage
rate, and lower live birth rate [2

&

–4
&

]. Additionally,
adenomyosis may be associated with obstetric com-
plications, such as abnormal placentation [5

&

]. Histor-
ically, adenomyosiswas ahistologic diagnosismade at
the time of hysterectomy. Now, changes associated
rved. www.co-obgyn.com
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KEY POINTS

� Adenomyosis-associated uterine changes can be
visualized using transvaginal ultrasound and MRI,
though there is no consensus regarding the specific
features and number of features required for diagnosis.

� Adenomyosis is associated with decreased live birth
rates among women undergoing IVF.

� GnRH agonist treatment may improve reproductive
outcomes among women with adenomyosis undergoing
IVF; however, the data is mixed for duration of therapy
and fresh versus frozen cycles.

� Although pregnancy has been documented following
image-guided ablation and excision of adenomyosis,
risks of pregnancy after treatment and impact on
infertility are not well established.

� Adenomyosis and endometriosis often co-occur, and the
presence of both entities is associated with
worse infertility.
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with adenomyosis can be seen using imaging in
women who may desire future fertility [6

&&

].
INCIDENCE AND PREVALENCE

Estimates regarding the incidence and prevalence of
adenomyosis vary widely. A US population-based
study of women ages 16–60years found a 1% inci-
dence of adenomyosis [7]. A recent systematic
review estimated prevalence from 15 to 67%. This
wide range is attributable tomultiple factors, such as
different diagnostic criteria and inclusion of symp-
tomatic versus asymptomatic patients [8

&

].
Althoughmany women are asymptomatic, asso-

ciated symptoms include dysmenorrhea, abnormal
uterine bleeding, and infertility. In a cohort of
women 18–42years undergoing benign gynecologic
surgery, the prevalence of infertility was estimated
at 30% (75/248) among women with adenomyosis
[9

&

]. The prevalence of adenomyosis among patients
with infertility increases with age [10].
IMAGING FINDINGS

The gold standard for diagnosis of adenomyosis is
histology from hysterectomy specimens. Additional
diagnostic tools include directed tissue sampling
through hysteroscopic or laparoscopic biopsy; how-
ever, biopsy is not routinely used because of poor
sensitivity [11]. More recently, features seen on
TVUS and MRI have been used for diagnosis of
adenomyosis without histologic confirmation,
which is of particular importance to patients with
228 www.co-obgyn.com
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infertility who are seeking uterine-conserving diag-
nosis and treatment. There is no consensus regard-
ing the specific features or number of features for
diagnosis of adenomyosis using imaging. The lack of
consensus makes interpretation of research publica-
tions challenging, as studies utilize different imag-
ing criteria to define adenomyosis. Here we
summarize recent advances in imaging that the
clinicianmay utilize for diagnosis and the estimated
sensitivity and specificity of different techniques.
Ultrasound

In 2015, the Morphological Uterus Sonographic
Assessment (MUSA) group introduced consensus
terminology to describe the myometrium using
ultrasound (US), such as asymmetrical myometrial
thickening, myometrial cysts, hyperechoic islands,
fan-shaped shadowing, echogenic subendometrial
lines and buds, translesional vascularity, and an
irregular junctional zone [12]. The junctional zone
describes the appearance of the interface between
the endometrium and the myometrium on both
TVUS and MRI.

The diagnostic accuracy of adenomyosis on
TVUS compared with histologic confirmation has
sensitivity and specificity ranging from 11–85% to
25–98%, respectively [13

&

,14,15]. Addition of US
technologies, such as 3D TVUS, elastography, and
Doppler studies may increase TVUS accuracy for
detecting adenomyosis. 3D TVUS can help evaluate
the junctional zone and increase diagnostic accu-
racy [15,16

&

,17
&

]. Elastography has been proposed to
help differentiate between fibroids and adenomyo-
sis, withmixed results [16

&

,18
&

]. The results of recent
studies investigating accuracy of different TVUS
criteria are summarized in Table 1. Heterogeneous
myometrium and uterine wall asymmetry appear to
have the highest sensitivity and specificity.
MRI

US and MRI have comparable accuracy for diagnos-
ing adenomyosis [16

&

,19,20
&

]. Features of adeno-
myosis on MRI include an enlarged asymmetric
globular uterus, the presence of cysts or foci on T1
or T2 weighted images, and increased junctional
zone thickness, typically greater than 12mm [21

&

].
A prospective study looking at MRI compared with
hysterectomy samples found that junctional zone
thickness was not correlated to a diagnosis of adeno-
myosis, and instead the presence of an irregular
junctional zone had the best association with
adenomyosis (sensitivity 74%, specificity 83%)
[22]. MRI also has been used to specify the location
and extent of adenomyosis [23]. Similar to US
Volume 34 � Number 4 � August 2022
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Table 1. Transvaginal ultrasound accuracy in diagnosing adenomyosis

Overall accuracy Ultrasound feature accuracy

First author, year Sensitivity (%) Specificity (%) US feature Sensitivity (%) Specificity (%)

Sam, 2020 37 92 Bulky uterus 77 59

Heterogeneous myometrium 75 57

Myometrial cysts 33 89

Streaky uterus 34 93

Subendometrial echogenic striations 32 93

Ill-definition of endometrial --myometrial interface 44 81

Liu, 2021 81 87 Asymmetrical thickening 44 79

Myometrial cysts 54 93

Hyperechoic islands NA NA

Fan-shaped shadowing NA NA

Echogenic subendometrial lines and buds 40 92

Translesional vascularity NA NA

JZ abnormalities 64 73

Da silva, 2021 31 91 Myometrial cysts 18 98

Asymmetry of uterine wall 7 99

Heterogeneous myometrium 82 19

Hypoechoic linear striation 2 97

Globular uterus 11 72

Zannoni, 2020 77 96 Globular shape 77 46

Asymmetry 80 70

Heterogeneous myometrium 100 7

Poorly defined interface 85 56

Fan-shaped striations 54 96

Myometrial cysts 30 92

Question mark sign 41 96

Tenderness 69 65

JZ at least �8mm 40 99

JZ interruption 70 88

DJZ 60 87

Doppler 55 88

Chapron, 2020 65--84 64--100 Asymmetric myometrial wall 57 72

Myometrial cysts 72 63

Hypoechoic linear striation 71 80

Heterogeneous myometrium 86 61

Poor definition JZ 59 80

Question mark sign 75 92

3D TVUS

Asymmetric myometrial wall 59 53

Myometrial cysts 58 54

Hypoechoic linear striation 53 61

Heterogeneous myometrium 83 41

Poor definition JZ 88 56

JZ, junctional zone; TVUS, transvaginal ultrasound.
aNA, not applicable.
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criteria, there is no consensus regarding specificMRI
features required for diagnosis, although junctional
zone thickness and irregularity appearmost accurate
for diagnosis.

The reported accuracy of imaging findings for
the diagnosis of adenomyosis varies greatly and
there is no universally agreed upon diagnostic cri-
teria. Studies looking at the impact of adenomyosis
on infertility define adenomyosis based on any or a
minimum number of imaging findings on TVUS
and MRI.
PATHOGENESIS OF ADENOMYOSIS AND
INFERTILITY: PROPOSED MECHANISMS

Although the cause of adenomyosis is debated, the
presence of adenomyosis is associated with predict-
able molecular changes in the endometrium and
surrounding myometrium leading to abnormal
function [24–26]. Dysmenorrhea is thought to be
a result of myometrial hypercontractility, while
abnormal uterine bleeding is thought to be related
to neoangiogenesis, abnormal uterine contractility
and high microvessel density [25]. Adenomyosis
may contribute to infertility and poor embryo
implantation. Proposedmechanisms include abnor-
mal contractility, alterations in the uterine environ-
ment, increased inflammation, and abnormal
endometrial receptivity [25,26].

The myometrium is constituted of the inner
and outer myometrium. A derivative of the Mul-
lerian system, the inner myometrium is hormo-
nally responsive to changes in the menstrual
cycle. The inner myometrium exhibits cervical to
fundal contractions during the follicular phase to
facilitate sperm transport, and fundal to cervical
contractions during the luteal phase to facilitate
menstruation. Adenomyotic lesions induce a
response leading to myometrial hypertrophy and
abnormal hormone signaling, which may be asso-
ciated with abnormal contractility [24]. Abnormal
contractions of the inner myometrium may con-
tribute to altered sperm transport and decreased
implantation [26,27

&

,28
&

].
Abnormal hormone signaling pathways involv-

ing estrogen and progesterone receptors in the inner
myometrium, dysregulation of immune factors, and
increased inflammatory oxidative stress may lead to
reduced uterine receptivity for implantation [25,26].
Epigenetic changes in the endometrium seen in
adenomyosis, such as downregulation of Hox-A10,
may lead to disordered decidualization and thereby
reduce endometrial receptivity [26]. Animal models
suggest that targeting the pathway leading to fib-
rosis may improve endometrial receptivity [29

&

].
This complex disease of inflammation, fibrosis,
230 www.co-obgyn.com
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and altered hormonal signaling provides multiple
areas to target for future study and treatment.
TREATMENT OF ADENOMYOSIS FOR
PATIENTS WITH INFERTILITY

Therapies for adenomyosis target different features
of the disease process. Medical therapies include a
diverse array of options ranging from antiplatelet
agents to hormonal agents. Techniques for destruc-
tion of adenomyotic lesions include uterine artery
embolization (UAE), thermal ablation, and resection
through hysteroscopy, laparoscopy, or laparotomy.
Although medical and surgical treatments have
been demonstrated to relieve bleeding and pain,
less is known about reproductive outcomes.
Medical treatment

In women undergoing in-vitro fertilization (IVF),
adenomyosis appears to be associated with lower
live birth rate, although not all studies have dem-
onstrated this association [2

&

–4
&

,30
&

]. The majority
of recent data regarding reproductive outcomes after
medical treatment of adenomyosis comes from pre-
treatment with GnRH agonists in women under-
going assisted reproductive technology (ART) and
IVF, summarized in Table 2.

GnRH modulators may improve reproductive
outcomes among women with adenomyosis under-
going IVF. In a large retrospective cohort, pretreat-
mentwith an ultra-long GnRH-agonist (2–4months
prior to embryo transfer) compared with a long
GnRH-agonist (single dose given in the preceding
cycle luteal phase prior to ovarian stimulation)
improved the live birth rate, 43 vs. 26%,
P¼0.019, and clinical pregnancy rate, 55 vs. 38%,
P¼0.025 [31

&

]. In a similar retrospective cohort, an
ultra-long GnRH agonist protocol compared with a
long agonist protocol was also associated with
increased live birth rate and clinical pregnancy rate
with fresh transfer [32

&

]. The impact of GnRH-ago-
nist pretreatment on live birth rate and clinical
pregnancy rate may be different for fresh and frozen
cycles [33

&

].
One recent retrospective cohort demonstrated

no difference in outcome using GnRH-agonist pre-
treatment in frozen embryo transfer; however, this
cohort had a wide range of pretreatment ranging
from one dose of leuprolide acetate in the preceding
cycle up to several monthly injections of a GnRH
agonist prior to transfer [34

&

]. Another retrospective
trial found lower live birth rate and clinical preg-
nancy rate in patients who underwent GnRH-ago-
nist pretreatment (up to threemonthly doses) versus
no pretreatment in a fresh transfer cycle [35].
Volume 34 � Number 4 � August 2022
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Although GnRH-agonist pretreatment appears to
improve live birth rate among women with adeno-
myosis pursuing IVF, future prospective data would
better inform the choice of GnRH modulator, dura-
tion of treatment, and use prior to fresh or
frozen cycle.

Regression of adenomyosis evidenced by a
decrease in uterine size may represent a treatment
goal prior to pregnancy. Larger uterine volume
because of adenomyosis has been associated with
decreased live birth rate in the setting of IVF [36

&

].
However, prospective study is required to under-
stand if a decrease in uterine size improves fertility
or pregnancy outcomes.
Uterine artery embolization

Well studied as a treatment for uterine fibroids,
uterine artery embolization (UAE) has recently been
shown to reduce symptoms associated with adeno-
myosis, such as bleeding and dysmenorrhea.
Although successful pregnancy has been demon-
strated in retrospective cohorts following UAE for
adenomyosis, the incidence of obstetric complica-
tions, such as placental abnormalities and preterm
labor may be increased [37

&

,38
&

] Additional prospec-
tive data is needed to determine if pregnancy after
UAE for adenomyosis is well tolerated and improves
pregnancy rates.
Image-guided thermal ablation

The increasing success of image guided thermal
ablation for bleeding and dysmenorrhea associated
with adenomyosis has raised questions about preg-
nancy outcomes after treatment [39]. Techniques
for image-guided thermal ablation include high-
intensity focused ultrasound (HIFU), MRI-guided
focused ultrasound, ultrasound-guided radiofre-
quency ablation, and percutaneousmicrowave abla-
tion. In HIFU and MRI-guided focused ultrasound,
the ultrasound probe induces a temperature rise at
the target tissue causing coagulative necrosis. In
radiofrequency ablation and percutaneous micro-
wave ablation, an instrument is inserted into a
lesion to raise the temperature and cause tissue
destruction.

Reproductive outcomes for each technique are
limited. A recent systematic review and meta-anal-
ysis documented pregnancy rates following thermal
ablation of 17% (HIFU), 5% (microwave ablation),
and 36% (radiofrequency ablation); however, the
primary outcomes of most studies included impact
on bleeding and pain rather than the impact on
pregnancy outcomes [40

&

]. A retrospective cohort of
81 patients who underwent radiofrequency ablation
1040-872X Copyright © 2022 Wolters Kluwer Health, Inc. All rights rese

Copyright © 2022 Wolters Kluwe
for adenomyosis and desired future fertility noted
that 36% of the cohort achieved pregnancy with a
live birth rate among women who conceived of 67%
[41]. Another systematic review and meta-analysis
of HIFU noted that anti-Mullerian hormone was
unchanged after HIFU; however, only one series
reported pregnancy outcomes including six total
pregnancies [42]. In a retrospective cohort of 93
patients with adenomyosis who underwent HIFU
vs. laparoscopic excision, the rate of pregnancy
was 52. vs. 30%, P¼0.034. Of note, patients were
treated with a GnRH-agonist following HIFU or
laparoscopy, which may have influenced reproduc-
tive outcomes [43]. In summary, pregnancy may be
safe after image-guided thermal ablation, though it
is not clear if treatment improves fertility or
pregnancy outcomes.
Excisional techniques

Surgical resection of focal and diffuse adenomyosis
reduces vaginal bleeding, pain, and uterine volume
[44]. Sparse data exists for reproductive outcomes
after excisional therapy and is largely from
retrospective cohorts.

Hysteroscopy could be considered for resection
of cystic or solid lesions close to the endometrial
cavity, though this has not been studied prospec-
tively in terms of reproductive outcomes. Laparo-
scopic or open approaches can be used to resect focal
lesions via adenomyomectomy or diffuse lesions
using a wedge excision, classical incision, or flap
reconstruction. Obstetric risks following excision of
adenomyosis may be similar to myomectomy in
which the uterine muscle is incised and repaired.
Possible sequelae include uterine rupture, abnormal
placentation, or intrauterine adhesive disease.
Reported rates of uterine rupture following adeno-
myosis excision vary widely, from 0 to 13% depend-
ing on the patient cohort referenced, which is
generally higher than following myomectomy [45].

A recent systematic review suggested that preg-
nancy is likely safe after excisional procedures with
low rates of uterine rupture (1/126, 0.8%) and a
delivery rate of 81% [44]. These positive findings
were echoed in a retrospective cohort comparing
patients who underwent adenomyomectomy vs.
myomectomy via laparoscopic or open approach,
with a live birth rate of 46 vs. 71%, P¼0.076 [46]. In
patients whose endometrial cavity was entered
intra-operatively, hysteroscopy 3months later
revealed 35% with stage I intrauterine synechiae,
treated with adhesiolysis [46]. A retrospective series
of all 22 pregnancies after adenomyomectomy per-
formed by a single surgeon from 2011 to 2019 found
four placental abnormalities, one case of uterine
rved. www.co-obgyn.com 233

r Health, Inc. All rights reserved.
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rupture, and no hysterectomies [47]. Another retro-
spective cohort among infertility patients with both
adenomyosis and endometriosis demonstrated a
12% incidence of placental abnormalities after a
laparoscopic surgery to remove endometriosis and
adenomyosis, though the type of excisional proce-
dures were variable [48

&

]. The addition of medical
therapy with a GnRH modulator following surgical
excision has not shown an improvement in live
birth rate compared with surgical excision alone
[49].

In conclusion, pregnancy appears safe following
excisional procedures; however, it is not clear if
particular excisional approaches improve reproduc-
tive outcomes or if a particular type of excision
minimizes potential harms, such as abnormal pla-
centation or uterine rupture.
ASSOCIATION OF ADENOMYOSIS AND
ENDOMETRIOSIS

Endometriosis is the presence of ectopic endome-
trial glands and stroma outside of the uterine cavity
and commonly presents with dysmenorrhea, pelvic
pain, and infertility. There appears to be a link
between the presence of endometriosis and adeno-
myosis. Additionally, adenomyosis appears to be
associated with a greater number of deep infiltrating
endometriotic lesions [50]. In patients with sus-
pected or diagnosed endometriosis based on symp-
toms, imaging, and pathologic findings, concurrent
adenomyosis has been found in 21–59% of patients
[51

&

,52
&

].
In women with findings of endometriosis and

infertility, the additional presence of adenomyosis
appears to worsen fertility outcomes. In a long-term
follow-up study after laparoscopic cystectomy for
endometriosis, 40% of patients were diagnosed with
concomitant adenomyosis by US criteria. In the
6years following cystectomy, patients with adeno-
myosis had a significantly lower rate of successful
pregnancy (25 vs. 47%, P¼ <0.05) compared with
patients without adenomyosis [53

&

]. The type of
adenomyosis (focal, diffuse, or adenomyoma) did
not affect live birth rates in patients with endome-
triosis and adenomyosis following laparoscopy
[48

&

]. Women who were diagnosed with adenomyo-
sis by ultrasound and underwent endometriosis sur-
gery were found to have higher rates of infertility,
more need for IVF treatment, and greater number of
IVF cycles compared with women without ultra-
sound findings of adenomyosis [52

&

]. Although
co-occurring adenomyosis and endometriosis is
associated with increased infertility and decreased
live birth rate, additional prospective study is war-
ranted to determine if treating adenomyosis
234 www.co-obgyn.com

Copyright © 2022 Wolters Kluwer H
medically or surgically in the setting of endome-
triosis and infertility improves fertility outcomes.
CONCLUSION

Adenomyosis causes dysmenorrhea and abnormal
uterine bleeding, and is associated with infertility.
TVUS and MRI during infertility evaluation can
identify myometrial changes associated with adeno-
myosis with reasonable sensitivity and specificity,
potentially avoiding more invasive tissue diagnosis.
The lack of consensus for features required for imag-
ing diagnosis creates challenges for interpreting
studies that utilize different diagnostic criteria.Med-
ical treatment with GnRHmodulators may improve
fertility among patients with adenomyosis under-
going IVF. Ablative and excisional treatment appear
to be associated with low rates of complication, such
as abnormal placentation; however, it is not known
if these therapies improve reproductive outcomes.
Future study utilizing in-vitro models can better
understand the mechanisms of disease and provide
specific targets for treatment [24]. Prospective trials
can inform optimal medical and surgical manage-
ment for uterine-sparing treatment of adenomyosis
among women desiring fertility.
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This systematic review and meta-analysis included 15908 women and assessed
symptom relief, uterine volume, adverse event rates, and pregnancy rates following
high-intensity focused ultrasound, percutaneous microwave ablation, and radio-
frequency ablation. The highest pregnancy rates were reported after radiofre-
quency ablation; however, there was a lower average age in the single included
study that reported pregnancy rates after radiofrequency ablation.
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This retrospective study included 176women with infertility and endometriosis and
adenomyosis (diagnosed by >2 MUSA features) who underwent laparoscopic
surgical treatment. One hundred and thirty-five (74%) of patients underwent IVF,
70 patients (52%) had live births, and 35 (19%) failed to conceive at all.
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This retrospective study included a cohort of 419 women with infertility and US
evidence of endometriosis for concomitant uterine disorders. Using MUSA criteria,
US diagnosis of fibroids was found in 3.1% of patients and adenomyosis was
found in 21.2%.
52.
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Decter D, Arbib N, Markovitz H, et al. Sonographic signs of adenomyosis in
women with endometriosis are associated with infertility. J Clin Med 2021;
10:2355.

In a retrospective study of 402 women who were referred to an endometriosis
center, 244 (60.7%) underwent surgical treatment for endometriosis and 158
(39.3%) underwent conservative management. Adenomyosis was diagnosed by
US features. Any feature of adenomyosis seen on United States was present in
292 of 402 (73%) of patients, with more than three ultrasound features seen in
259 of 402 (64%) of patients and more than five ultrasound features seen in 156 of
402 (39%) of patients. In women who underwent surgical treatment, more than five
ultrasound features of adenomyosis was associated with higher rates of infertility,
IVF treatments, and higher number of IVF cycles.
53.
&

Sun TT, Li XY, Shi JH, et al. Clinical features and long-term outcome after
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In this retrospective study of 358 patients who underwent laparoscopic cystect-
omy for endometriosis, 142 (39.7%) were found to have concomitant adenomyo-
sis and 216 (60.3%) did not have adenomyosis by ultrasound diagnosis (�3
features). There was no difference in prevalence of infertility prior to surgery
between the two groups, following surgery 75% (107/142) of patients with
adenomyosis had failed pregnancy vs. 53% (114/216) in the nonadenomyosis
group; overall live birth rate 97% for both groups.
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