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Abstract

Introduction: Adenomyosis prevalence among women with infertility is increasing;
their management during in vitro fertilization is usually based on ultrasound diagnosis
alone. Herein, we summarize the latest evidence on the impact of ultrasound-
diagnosed adenomyosis on in vitro fertilization outcomes.

Material and methods: The study was registered with The International Prospective
Register of Systematic Reviews (CRD42022355584). We searched PubMed, Embase,
and Cochrane Library databases from inception to January 31, 2023, for cohort
studies on the impact of adenomyosis on in vitro fertilization outcomes. Fertility
outcomes were compared according to the presence of adenomyosis as diagnosed by
ultrasound, concurrent endometriosis and adenomyosis, and MRI-based or MRI- and
ultrasound-based adenomyosis diagnosis. Live birth rate was the primary outcome
while clinical pregnancy and miscarriage rates were secondary outcomes.

Results: Women diagnosed with adenomyosis by ultrasound had lower live birth
(odds ratio [OR]=0.66; 95% confidence interval [CI]: 0.53-0.82, grade: very low),
lower clinical pregnancy (OR=0.64; 95% Cl: 0.53-0.77, grade: very low), and higher
miscarriage (OR=1.81; 95% Cl: 1.35-2.44, grade: very low) rates than those without
adenomyosis. Notably, symptomatic and diffuse, but not asymptomatic adenomyosis
as diagnosed by ultrasound, adversely affected in vitro fertilization outcomes, with
lower live birth (OR=0.57; 95% Cl: 0.34-0.96, grade: very low), clinical pregnancy
(OR=0.69; 95% CI: 0.57-0.85, grade: low), and miscarriage (OR=2.48, 95% CI:
1.28-4.82, grade: low) rates; and lower live birth (OR=0.37; 95% Cl: 0.23-0.59,
grade: low) and clinical pregnancy (OR=0.50; 95% CI: 0.34-0.75, grade: low), but
not miscarriage rate (OR=2.18; 95% Cl: 0.72-6.62, grade: very low), respectively.
Concurrent adenomyosis in endometriosis is associated with a significantly lower live
birth rate (OR=0.44; 95% Cl. 0.26-0.75, grade: low) than endometriosis alone. Finally,

Abbreviations: Cl, confidence interval; CPR, clinical pregnancy rate; GnRH, gonadotrophin releasing hormone; IVF, in vitro fertilization; LBR, live birth rate; MR, miscarriage rate; MRI,
magnetic resonance imaging; OR, odds ratio; TVUS, transvaginal ultrasonography; US, ultrasound.
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outcomes).
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1 | INTRODUCTION

Adenomyosis, characterized by the presence of islands of endo-
metrial tissue within the myometrium surrounded by hypertrophic
smooth muscle cells, may be associated with a significant symptom
burden, primarily painful or heavy menstrual periods and chronic
pelvic pain. The disease is also associated with reduced fertility and
poor reproductive and obstetric outcomes.*

With the introduction of transvaginal ultrasonography (TVUS)
and MRI, adenomyosis, once diagnosed only by histopathological
examination, is increasingly diagnosed in patients with infertility,
suggesting that the condition may be linked to subfertility or infertil-
ity. Furthermore, a recent meta-analysis reported that adenomyosis
had a negative impact on in vitro fertilization (IVF) outcomes; the
live birth rate (LBR), clinical pregnancy rate (CPR), and ongoing preg-
nancy rate were lower, while the miscarriage rate (MR) was higher
in patients with adenomyosis than those in the control group.2
However, a considerable proportion of patients with adenomyosis
do not experience adverse IVF outcomes. Thus, adenomyosis re-
mains an enigmatic disorder with poorly understood pathogenesis
and pathophysiology.®

Existing evidence on the association of adenomyosis with IVF
outcomes and related risk factors remains scarce and controver-
sial due to the lack of standardized imaging diagnostic criteria.*
Moreover, sonographic markers of adenomyosis in asymptomatic
patients do not seem to be associated with adverse outcomes in
clinical practice, and different types of adenomyosis (focal and dif-
fuse) appear to have different impacts on fertility. In addition, young
women are only diagnosed and treated for adenomyosis, while
endometriosis may not be recognized and treated.> Adenomyosis
continues to stagger scientists, gynecologists, and patients, and the
standardization of ultrasound (US) diagnosis may be a top priority in
addressing this dilemma.

Therefore, we conducted a systematic review and meta-
analysis to (1) investigate the impact of adenomyosis diagnosis

by US on IVF outcomes, including the effect of the adenomyosis

the use of MRI-based or MRI- and ultrasound-based adenomyosis diagnosis showed

no significant association with in vitro fertilization outcomes (grade: very low for all

Conclusions: Considering ultrasound findings, symptoms, and different subtypes
of adenomyosis may aid in offering personalized counseling, improving treatment

decisions, and achieving better outcomes of in vitro fertilization.

Key message

Adenomyosis possibly remains a priority consideration
when planning IVF treatment, even when comorbid with
endometriosis. Different treatment regimens for symp-
tomatic vs asymptomatic patients with US-diagnosed ad-
enomyosis may contribute to better counseling for IVF.
Furthermore, a comprehensive classification of adenomy-
osis is warranted.

type and symptoms; (2) explore the impact of concurrent en-
dometriosis; and (3) assess the predictive power of MRI or MRI
combined with TVUS for better management of women with
infertility with US-diagnosed adenomyosis planning to undergo
IVF.

2 | MATERIAL AND METHODS

2.1 | Study design

A panel of five US experts formulated four clinical questions includ-
ing “whether ultrasonographic adenomyosis negatively impacted IVF
outcomes,” “does concurrent endometriosis have a negative impact
on the IVF outcomes in adenomyosis,” “does concurrent adenomyosis
have a negative impact on the IVF outcomes in endometriosis,” and
“whether MRI or MRI combined with US-diagnosed adenomyosis has
an impact on IVF outcomes” through detailed discussions and com-
munication. Expertise was defined as the performance and interpreta-
tion of at least 1000 gynecological TVUS examinations. We registered
our study with the International Prospective Register of Systematic
Reviews (CRD42022355584) and followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses 2020 guidelines.

2.2 | Search strategy and selection criteria

We searched PubMed, Embase, and Cochrane Library (CENTRAL)
databases frominception to January 31, 2023, for cohort studies on
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the impact of adenomyosis diagnosis by US on IVF outcomes. The
following search terms were used: “adenomyosis” and “ultrasound”
or “MRI” and “endometriosis” and “IVF.” After removing duplicate
records with EndNote X9, two reviewers (W. X. and X. Z.)
independently screened the retrieved studies, first the title and
abstract, and then the full article text. Studies were considered
eligible if they enrolled patients with infertility diagnosed with
adenomyosis who were planning to undergo IVF regardless of
the stimulation protocols they accepted. Any discrepancies were
referred to a third reviewer (H. Y.) and resolved by consensus. The
following data were extracted: year of publication, study design
and setting, study population, patients' baseline characteristics,
number of patients and cycles, diagnostic method and criteria,
treatment protocol, and outcomes (Table S1).

To investigate the impact of US-diagnosed adenomyosis on IVF out-
comes, we analyzed all relevant articles, including all studies comparing
the clinical outcomes of IVF treatment between two infertility groups
(women with and without adenomyosis as diagnosed by US). Studies
that included patients who underwent MRI or both MRl and TVUS and
those with a statistically significant number of endometriosis cases and
in either group were excluded. Furthermore, studies were excluded
when the included patients did not match by age or the difference be-
tween the two groups was not adjusted in the statistical analyses.

To explore the impact of concurrent endometriosis on the IVF
outcomes of adenomyosis, we analyzed studies comparing IVF out-
comes between adenomyosis combined with endometriosis (study
group) and adenomyosis alone or endometriosis alone (control
group), regardless of the radiographic method used for the diagnosis
of adenomyosis.

Finally, to investigate the predictive power of MRI-based diag-
nosis of adenomyosis for IVF treatment outcomes, we analyzed all
studies in which patients underwent MRI or both MRI and TVUS.

2.3 | Studyoutcomes

The primary outcome was the LBR, while the CPR and MR were sec-
ondary outcomes. All outcomes were expressed as odds ratios (ORs)
with 95% confidence intervals (Cls). Live birth was defined as any
birth event in which at least one baby was born alive. Clinical preg-
nancy was defined as the presence of at least one intrauterine ges-
tational sac as visualized by US. Miscarriage was defined as the loss
of a clinical pregnancy before 12 weeks of gestation. All the included
studies defined one of the three outcomes and were excluded if they

did not adhere to the definition or did not define their outcomes.

2.4 | Data analysis

Data were analyzed using Review Manager, version 5.3 (The
Update, London, UK).
Dichotomous variables were analyzed using ORs. The significance

Cochrane Collaboration, Software

level was set at p<0.05.

Study heterogeneity was evaluated using I? statistic and rated
as follows: 12 < 30%, low; I?=30%-50%, moderate; or I*°>50%, high.
If the heterogeneity was low, the fixed-effects model was used to
analyze the overall effect; otherwise, the random-effects model
was used. To further observe the heterogeneity, forest plots were
generated.

We also performed prespecified subgroup analyses of the fol-
lowing baseline variables: asymptomatic vs symptomatic vs com-
bined asymptomatic and symptomatic adenomyosis; and definite
diffuse adenomyosis vs focal and diffuse adenomyosis.

Two reviewers (W. X. and X. Z.) independently judged the meth-
odological quality of the included studies using the Newcastle-
Ottawa scale (Table S2). To assess the quality of the studies, we
assigned stars to indicate their risk of bias, with the highest quality
studies receiving up to nine stars. We awarded in three domains: (1)
selection of study groups (4 points), (2) comparability of groups (2
points), and (3) ascertainment of exposure and outcomes (3 points)
for case control and cohort studies, respectively. For ranking the ad-
equacy of comparability, we awarded one star to studies if the case
group and the control group were matched by age or there was no
statistical difference between the two groups. Furthermore, stud-
ies controlling for other significant confounders or comparisons of
other significant confounders between the two groups of popula-
tion were not statistically different; another star was awarded. We
considered studies with a total score of seven or more stars as high
quality, a score between four to six as moderate quality and one to
three as low quality of assessment.

We evaluated the quality of the body of evidence for each out-
come according to the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) handbook.® The body of ev-
idence was assessed based on the following considerations: risk of
bias, inconsistency, indirectness, imprecision, and publication bias.

The overall rating reflects our certainty in the evidence.

3 | RESULTS

The process of literature identification and study selection is shown
in Figure 1. A total of 477 potentially relevant studies were identified
through a literature search. After removing 302 duplicates and
excluding 97 studies based on the title and abstract screening, 78
articles were fully reviewed, of which 18 were deemed eligible for
final quantitative analysis. The US features used in the diagnosis of
adenomyosisintheincludedstudies were as follows: myometrial cysts
(12/13), myometrial wall asymmetry (9/13), irregular endometrial-
myometrial junction (9/13), heterogeneous echogenicity (9/13),
linear striations radiating out from the myometrium (9/13), global
uterine enlargement (5/13), fan-shaped shadowing (3/13), ill-defined
myometrial lesions (1/13), subendometrial echogenic nodules
(1/13), hyperechoic islands (1/13), and adenomyomas (1/13).”*
Furthermore, only two studies used three-dimensional US and
only one study descripted sonographic features in accordance with
terms defined by the morphological uterus sonographic assessment
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FIGURE 1 PRISMA flow diagram.

(MUSA) group. The characteristics of the studies included in the
quantitative analysis are summarized in Table 1.

For the analysis of the impact of adenomyosis as diagnosed by
US on IVF outcomes, data from nine studies that included 2240
women with and 15022 women without adenomyosis as diagnosed
by US were included for LBR analysis, while data from 13 studies
that included 2758 women with and 16 536 women without adeno-
myosis as diagnosed by US were included for CPR and 1806 women
with and 13040 women without adenomyosis as diagnosed by US
were included for MR analysis.

Compared with women without adenomyosis as diagnosed by
US, those with adenomyosis as diagnosed by US had a lower LBR
(random-effects OR=0.66; 95% Cl: 0.53-0.82; p<0.0001, grade:
very low, Figure 2A), lower CPR (random-effects OR=0.64; 95%
Cl: 0.53-0.77; p<0.0001, grade: very low, Figure 2B), and higher
MR (random-effects OR=1.81; 95% Cl: 1.35-2.44; p<0.0001,
grade: very low, Figure 2C). All related studies had high or mod-
erate heterogeneity, with an 12 of 70, 70, and 59%, respectively.
However, the subgroup analysis according to symptoms showed
that asymptomatic adenomyosis as diagnosed by US was not as-
sociated with the LBR (OR=1.46; 95% Cl: 0.75-2.86, grade: low),
CPR (OR=1.48; 95% Cl: 0.94-2.32, grade: low), or MR (OR=1.24;
95% Cl: 0.65-2.35, grade: low), while symptomatic adenomyosis
as diagnosed by US had a negative effect on IVF outcomes, with
lower LBR (OR=0.57; 95% Cl: 0.34-0.96, grade: very low), lower
CPR (OR=0.69; 95% Cl: 0.57-0.85, grade: low), and higher MR
(OR=2.48; 95% Cl: 1.28-4.82, grade: low). In the subgroup anal-
ysis according to the type of adenomyosis (diffuse vs. all types),

diffuse adenomyosis as diagnosed by US was associated with a
lower LBR (OR=0.37; 95% Cl: 0.23-0.59, grade: low) and lower
CPR (OR=0.50; 95% Cl: 0.34-0.75, grade: low), but showed no
association with the MR (OR=2.18; 95% Cl: 0.72-6.62, grade:
very low). The above results are shown in Figure 2 and the grade
evidence profile for outcomes are shown in Table S3.

For the analysis of the impact of concurrent endometriosis on the
IVF outcomes of adenomyosis, data from two studies that included
121 women with adenomyosis and endometriosis and 149 women
with adenomyosis alone were included for LBR and CRP analysis,
while those of 53 women with adenomyosis and 100 women with-
out adenomyosis were included for MR analysis. Four studies inves-
tigated the effect of adenomyosis in patients with endometriosis;
data from two studies that included 230 women with endometriosis
and adenomyosis and 117 women with endometriosis alone were
included for LBR analysis, data from three studies that included 126
women with endometriosis and adenomyosis and 168 women with
endometriosis alone were included for CPR analysis, while those of
96 women with endometriosis and adenomyosis and 90 women with
endometriosis alone were included for MR analysis.

The results showed that concurrent endometriosis had no ef-
fect on the IVF outcomes in women with MRI- or TVUS-diagnosed
adenomyosis: LBR (OR=1.45; 95% Cl: 0.55-3.81, grade: low), CPR
(OR=1.47; 95% Cl, 0.58-3.78, grade: very low), and MR (OR=0.77,
95% Cl: 0.27-2.20; grade: Iow).lo'20 The above results are shown in
Figure 3. However, the presence of adenomyosis in patients with
endometriosis resulted in a lower LBR (OR=0.44; 95% Cl: 0.26-
0.75, grade: low) than that in women with endometriosis alone but



(senuijuo))

NV 40 sisouselp e Joj paiinbai a1om ||e jou

puUe |\ JO 92uasaJd ay3 WJIJuod 03 Pasn aJaM eI}
9Y3 JO Japulewal ay] "INV 40 sisouselp e 1oj Alojepuew
2J9M (I1) pue (1) eLI91D (A 40 uoiulap Jood (A) 1o
‘S1SAD |elI3DWOAW (A1) ‘s||em Joliaisod pue Joliajue

U29M19q WNLIJDWOAW Pauax Iy} Aj|edl3awwAse (i) (-INV)
4N ‘suofjelsys aloysaodAy/winiiawoAw Jo Ayauasolalay () (ct-81) 9'vE 1(T102)
ddd ‘sndiod aulIaIN 3yl JO JUsWa3Ie|ud aAII3[qNS (1) :elia1lId ‘SA (+INV) Apnis 310402 ‘e
L 441 V/N Suimo||o} a3 03 Sulplodde |NY Jo 2duasaid 3y L/ SN-Ag V/N 3siuoge 3uo] (cv-L2) 06E  dAdadsoliay 0||33s0D
"J9j3oWelp ul
HIN ww g-T Seale dloydaue punoJd ulyym pue pajeinsdeous (-INV)
¥dD J0U SeaJe |elI}dWOoAW SN0aU80.4933Y 240W JO dUO |j0d0304d Ju0YsS pue 8'CFH'GE "SA Apnjs 310402 0r(666T)
/ NIk asnyg pue snuain pagiejua Ajasnjip e Jo aduasald ay] /SN-AZ V/N eHYyuo |od0joud 8uoT (+INV) 9°2F 09 aAI3dadsold  |e3a Suelyd

'S1SAD |eli3owoAw pue eale
|eLiawoAw snoausdolalay Jo 9duasaud (f|\F paullap

RN Al1ood {jjem |el3owoAw 10119350d JO JOLISUE PIUSNIIYY (-INV)
¥dD Al|e21433WWASE (snuain Jeingo|3 se yans ‘eldallid P'EFOEE SA Apnis 310402 6102)
8 ¥al asnyjig 2lydea3ouos 9a4y3 }ses| 3e uaym pasoudelp sem |NV/SN-AZ oewoldwAs  eHyus |0d0104d 3uo (+FINVY) 62F8°CE 9A1109ds0U19y  °|e 39 ewueys
(24n3xa30Y23
|eli3owoAw snosuad0Ja3lay pue :sisoaql) pue s3sAd e|SeyJiouaw
|eld32WOAW (SUOIIeLI}S |elI3DWOAW |elI3DWOPUANS pue
‘wn3awoAw Jo1193sod pue Joiajue ayj Jo AljowwAse ‘eayJIouswsAp (-INV)
N {[INT Y3 JO UOI3DUI}SIP OU) S24NJeS) SAL SUIMO||0) Atepuodas juswieal) (ve-62) 9°1E
ddd 9y3 JO 0M] uey] aJow pue ‘sudis |edlul]d ‘swojdwAs ‘QnIssa130ud 1s1uose Hyuo ‘SA (+INV) Apnis 110402 4(0z02)
8 441 V/N [B21UI]D PAPN|DUL [NV 104 BLI9}LID dl3souselp 3yl /SN-AC oewoldwAg 8uoj-eJ3|n Jo uoT (P€-62) 8'TE  ADadsolay ‘e 32 noH
IV Se pasouselp

uaa( sey aJnjesy dlydea3ouos Tz Jo 9duasald ayj se
‘SUOISD| [elI3dWOoAW paulyap-||I pue 3uimopeys padeys

RN -ueyj ‘s3SAD |el3pWoAW ‘rIAg Jejndaul ‘Ajdiusdoyda eHYuo |020304d Buo| (-NV) 9V F6'GE
¥dd SN0aua80.433aY ‘AJJDWWASE ||em |elI}dWOAW /lednjeu SA Apnjs 310402 ,(0202)
8 ¥g1 V/N ‘Quawadiejua aulaln |eqo|3 :dnoud yYSNIA/SN-AE o1rewoldwAsy /IBYIUAS  (+INV) 2 SFT'LE 9A1129dsoud ‘[e 39 |eaN

'POAISSO SEM (AT J€|NS3.14] JO WNLIFWOAW
33 WoJy 3no Suljeiped suoljers}s Jeaul| Jo wni3awoAw

dN (Gz=u) 3y} UIY}IM puNO4 219M Seale DI3SAD Jejn3a.ll 1o pajiuapl siayjo (-WV) ¥ Fse @?HONV
¥dD asnyjip pue SeM WNIIIDWOAW JO S||em J0LI93sod pue Jolidjue ay) Jo pue ‘|joo030.d 340Ys ‘SA - Apnjs 1104yod HERE]
6 ¥91  (yg=u)|edo4 SuluddIY} |E21IIDWIWASE USYM pasoulelp sem INV/SN-AZ o13ewoldwAsy  ‘eHyuo [020304d 3uoT] (+INV) ¥ FGE 9AI309dsold e||deusag

SaW023IN0 4A| UO |\l 4O sisouSelp s [euiSeAsuedy jo joedu]

£2IUSPIAS  SBWO02INO NV el19)142 pue poyiaw di3soudeiq swoldwAg  |020j04d uoneINWIS (saeah) a8y usisap Apnis Apnis
Jo Ajjjend Jo sadAiqng

"S31PN3S PAPN|OUI Ay} JO SINSLIDIDEIEYD URlN T IT79VL

WANG ET AL.



WANG ET AL.

L

-9IUIPIAD
J0 Aijend

dN
ddd

N
ddd

4N
ddd

dN
ddd

dN
ddd
441

4N
ddd
441

N
ddd
441

sawodnQ

(SST=U)
asnyyip pue
(pg=u) |ed04

asnyid

*SUOI]BIJIS JBaUl| [BeLI}DWOPUSINS PUEB WNIISWOPUD
3y3 JO 24N3xd3-0Y2d pasealdul ‘sazis SulAlen Jo
$15A2 10 9BUNDE| P3)||1}-POO|] [B1IJDWOAW dI0Ydaue
‘WNIIIDWOAW Y3 UIY}IM Seade paqroswnoi Ajiood
SN02Ua304919Y ‘||eM |elI1aWOoAwW Jol1a1sod Jo Jolslue
ay3 40 SuluaydIY} J1IJDWWASE ‘SPIoJqI) JO DUISE Y3

V/N ul sniain Jejngojs, pasiejua ue jo aduasaid ay] /SN-AZ

‘winiJ3aWoAW ay3 wody 3no Suljelped
SUOI3EI3S JBaUl| pUB WNLIIBWOAW Y3 UIYIM Seade D13SAd
Jejn3aull ‘wn3awoAw oy Jo SuluaddIy} [edlI3owwAse

V/N Sem 243y} uaym pasoudelp Ajuo sem |N/SN-AZ

[INT Jen8auan
(11A) ‘sewoAwouape (IA) ispuejst o1oydatadAy (A) (s3sAD
|elIIaWOoAW (Al) isuonjells Jeaul| () :Suimopeys |9||esed
(11) {8ulUa|21Y3 |ELI}OWOAW |EDLIJDWWASE (1) :B1I9}1ID
SuIMO||0J Y3 JO 2J0W JO BUO pamoys SuiSew punosetjn

V/N 31 NV YHMm pasougelp aq p|nod juaijed e /SN-A¢ pue SN-AZ
‘snJain Supeadde-ieinqo|3
€ U] J9J2WE.IP Ul WW Z UeY) 2J0W JO S| |eli3dWoAWeIIUl
213d1][9 Yy3IM pajerdosse A3ID1uadoyda pasealdap yim
seaJe snoauadoualay pue djusadoydaodAy papnjoul

V/N NV 40 sisouSelp o1ydeaSouos 1oy elalud 3y /SN-AZ
‘pa12919p AIoM
WN1JI32WOAW JO S||EM J0142150d pue JolIalue Jo Suluaydly)
|edLI}dWWASE J0/pue ‘S3SAD |eLI}dWOAW d10YdauUe punoJ
Jo 9duasaud ‘AJIsuadouialay [eli3awoAw paulyap-||i

‘fINT Jejn3aull uaym pasoudelp sem |\ 2snpjid/SN-AZ

TNT
a3 Jo 3uluaxd1yy pue uoniulap Jood pue ‘fN7 Jeinsall
‘s9INpou d1us80Yda9 |eliIBWopuUagns ‘wnliawopuagns
93 Ul SUOIeLI}S 21U30YId JO 92Udsad ‘SISAD |eLIIDWOoAW
JO s3uipuly ‘seale [el}aWoAw sNosus30.49313Yy JO
92uasald ‘Bujuaydiy} [eld}oWoAW [edli3oWWASE
‘JusWaJe|UD DULIDIN :S2UNJeDY SUIMO||04 DY) JO dJoW
V/N 10 93.1y3 pamoys s JI pasouselp 3q p|nod |NV/SN-AT
‘paulwexs
9J9M ‘[|AIT 9Y3 JO uoljuljap Jood pue ‘s3SAD |eli3owoAw
‘wnlJ3dWoAW sNoaua3013)ay ‘SUoljel)s [elI}dWoAW se
yans |\ 40 9A13sad8ns sSuipuly oiydesSouos syl /SN-AZ

WY 1133140 pue poyjaw di3souseiq

Jo sadAigns

V/N

(€T)
JljewojdwAse

pue ()
eay.IouUdWSAp
‘(€) e13eyaious|n

V/N

V/N

V/N

V/N

V/N
swoldwAg

]02030.d 3sjuoSejuy

|02030.4d eHYUD U0

j020304d eHYuUD) SuoT]

1¥H Yyam jod0r04d
uojeuop 234200

1¥H yam jod0304d
uoljeuop 934200

joo030.d
eHyuo 3uoj Jo

‘eHYUD ‘eHYUD 1Ioys

1siuose 3i0ys

|02030.d uonEINWNRS

(-INY)

(9e-0€) €€

“SA (+INV)
(e26-LTE) S€

(-NV)
L'EFOYE SA
(+HAVY) TYF9vE

(-nV)
(0£e-0'1€) O'E
SA (+INV)
(£'8€-0'€€) 0'9¢

(V) (9'TF

-£°0%) 601

SA (HINV)
(€' T¥r-86€) S0V

-V (S°TY

- TYE TV

SA (+INV)
(Tev-TTh) 9Th

(-NV)
9 EFLEE SA

(+WV) 0 F0ve

(-INV)
L'EFOEE SA

(tWV) LEF9°€e
(saeah) a8y

Apnjs ju04yod
9AI309ds0a19y

Apnis 110402
9AI309dsold

Apnis 310402
9AI309dsold

Apnis 1u04yod
9AI}09dsoa1ay

Apnjs ju04yod
Jajuadi3nw
9AI309dsoa19y

Apnis 110402

9AI29dsoud

Apnjs 110402

9AI309dsoa1ay

usisap Apnis

(panunuo)d)

£(2102)

‘le3a ey L

+1(CT02)
‘|e 3o wijes

er{£102)
‘le3e
HeJESEIN

2(1102)

‘e3e

oJalpuo)
-Zaujleln

g1(cz0e)
‘leys
jueyduL]

o1(1202)
‘|e 32 3ueyz

«1(TT02)
‘|e 32 WnoA

Apms

1 3149vl



Juswissasse Jo Ajllenb y3iy-4 03 £ ‘Ayljenb ajelapow-9 03 ¢ ‘Ayijenb moj-¢ 03 T,

‘punosesyn ‘sn a|gedijdde Jou ‘y/N ‘dnoud Juswssasse

olydea3ouos snian |edi3ojoydiow ‘dnoud SN A 93 93el1iedsiu ‘YA 21ed YJiq SAI| “YgT ‘uollezi|i3aa) oJlA ul ‘YA ‘ASojouydsal aAl3onpoadal pajsisse ‘1 ¥H 8ojeue suowdoy 3uised|au uiydosjopeuod
‘eHYUD Bu0z [euol3dun(/uoi}dun( |el}sWOAW-|BLIISWOPUS ‘Z /(AT (SISOlIIBWOopPUS ‘| 93ed Adueudaud [ed1ul]d “YdD ‘SISOAWOUIPE ‘| |euoISuUsSWIpP-931y) ‘¢ |euoisuswiIp-om} ‘g :SUoljeinaiqqy

‘(S3SAD |ei3awopuagns ‘4ajealsd

10 WWZT Zf) INVY J0 sisouSelp ay3 93njaJ 10 WiIjuod 0}
pawojiad sem YA dIAj2d e ‘AJuieliaoun JO JUSAS Y3

u| 'sisouselp aAnisod e Joj paiinbau Suiaq |\ JO aiow

JO WD Z JO BaJe Ue UM pue (f|NF) paulyap Aliood ‘sjjiem

4N 2Ul493N JO 3UlUDIY] [BDIIIDWWASE ‘S)SAD pue suoljel)s (-INV) ¢z(8702)
¥dD |el32WOAW |eli3aWopUaCNS ‘WNIIIdWOAW snouagdolalay 1siuo3e 9t F6°GE "SA Apnis 34040d ‘le1s
8 441 V/N ‘snJajn Jejnqo|3 pasie|us/[YIN YHm paulquiod sn-ag V/N HYuo Suoj-enn  (+IWV) 07 FOLE  dARdadsoilay EAOX3UE]}S
S9WO02IN0 4| UO AV JO SIsoudelp 10} SN Y1IM pauiquiod YA 10 [YIA Jo 10edw|
pajoesIxa jod030.4d
9q jouued ‘1204 [eLdwWoAwW Aysuap-ysiy a1e1ound (111) pue %0t 1siuodejue pue Apnis 310402 2z(2T02)
elep ‘(SSaUXD1Y1 |BlIIDWOAW/XeW Z[) Xewolled (1) ‘Ww gT 1ses| eHyus 1oys Jajuadinw ‘le1s
L ddD snondiqueun 1€ JO (Xew [IA3) [INT [ewixew (1) :Aq pauljop sem INV/IYIN V/N ‘eHyu9 3uo V/N aA13dadsold J21s9||eg
‘uoIs|

ay1 Jo JapJioq ays 1e (19jddo 40|02 AqQ paulwiialap)
UOI1eZIIB|NJSEA JB[NDJID JO 9DUBSAE ‘WNLI}DWOAW 3y} 03Ul
WINLI32WOpUa 3y} WoJj 3no Suljelped suoljells Jeaul|

10 S3Npou 21uaS0YII aNssiy [eld3aWopua d1dojolalay
Y3 UIYM 1204 213eYII0WdY 0 SISAD |BLIIDWOAW

||EWS UOIS3| |ELI}DWOAW BY3 JO 3ZIS Y} 0} dAIIE|a SI
U2IYyM BS0J3S 3y} JO WNLIIDWOPUS Y3 UO 333443 SSewl
|lewluiw ‘siapJaoq paulap Ajpood ypm Aydiuadoyos
SNoua3049319Y JO Seale [elijoWoAw [SewoAwold| Jo

92U9s3a4d 9y} INOYHM S||EM dULISIN JO Al}oWWASE 1z(0T02)
N :s24n3eay 21ydes30uos SUIMO||0) SY3 JO S10W 10 33.Y3 Apnjs 310402 ‘le1e
L ddd V/N SulA|dde Aq paysi|qelsa sem NV Jo sisouselp ayl/SN-AT V/N  [020304d EHYUS Su0T] V/N  3A1323dsou1ay d1n0zefi
paloeaixa (Ww gT>) AydoajiadAy 7 Inoym suolsa)
9 jouued |eLI}SWOPUSQNS PaZ1|ed0| pue PajeulwassIP 10 %0y < 0z(2202)
ejep Xew Ol1eJ e pue WW g 1Sea| Je JO XewZ( e :elid11id OM] Apnis 110yod ‘le19
L dyg1 snonsiquieun 8UIMoO||0} 33 JO UOIIeIDOSSE DY) A pauljap sem INV/IYIN V/N V/N V/N  3A1323dsou1ay uop.nog

INV UHM paulquiod |NF 10 AT Y}M USWOM US3M]S( SSW0IIN0 JA| Sutiedwo)

‘(1932Welp Ul Ww g<) 3SAd d130Awouspe

ue 03 3ulpuodsali0d Z| /T 1 Uo 120} [el}dwoAw (£T) po3Jodau (+INV)
N (G=u) Ajisuajul [eudis y31y Jo soussaid Jo/pue ‘%0t <oljed J0U (ST) sJ1ayjo pue Yy FYTE SA
¥dD asnyjip pue WNISWOAW/Z( ‘WW ZT< SUlua)d1yl Z 9Sn4JIp 10 J1jewoldwAse uowijsojindousiy (+IN3 pue Apnis 110402 «(Ceor)
6 ¥g1 (9T =u)[ed04 |B20) 919M |\l JO 92uasaid ay1 40J elISILD [YIN/IYIN  (8) eayJiouswsAg 4-leuon  +NV) 9°CFLEE  9AI30ads0.19Yy ‘[e 19 soay
AT UM pauIquiod |AY 40 AV YHM USWOM US3MISQ SSW021no 4A| Suliedwo)
£9IUSPIAS  SBWO02INQO NV e1193)142 pue poyjiaw di3souseiq swoldwAg  |020j04d uoneINWIS (saeah) a8y usisap Apnis Apnis
Jo Ajjend Jo sadAigns

WANG ET AL.

(penunuod) 1T 374VL



Gyneg@lBgica

(A)

AM positive negative s Ratio
Fvene Total Fvents . Total Weinlt b Nandnm 95%Cl

WANG ET AL.

0dds Ratio

(B)

AMpositve  AM

0dds Ratio
Th v 1 e

Odds Ratio
M., Random, 95% €.

©

AMposiive

negative 0dds Ratio
Events Total Events Total Weight 14, Random, 95% CI.

Odds Ratio
MM, Random, 95% C1

Study or Subarou 1.4, Random, 95% CI TrT—— Loveds_joual tvere ?;?‘Msm
1.1.1 Asymptomatic LA eyt S Nrvtemesc
: S Benagia 2014 1o 1M a9 29% 188081430 T— Benagia 2014 foa 5w 30w 0782311
Benagia 2014 1749 9 49 36% 2361093600 ] Neal 2020 Bomow s um o i 4 Neal 2020 09 @ s ss% 1400620
Neal 2020 66 95 361 543 69% 115072,1.84) e ‘Sublotal (95% C1) 148(094,2.32] > ‘Subtotal (95% C1) " 592 86% 1241065,2.35)
Subtotal (95¢% C1) 144 502 105%  146[0.75,2.86] Totaevets @ Totalevents “ o
Total events e, Tat= OO 0.4 < \pebsnra0s Heerogeney. Ta'= 000, CI"= 054, o= 1 (P = 0.46),P=0%
Heterogeneity Tau*= 0.12; e 183, 0= 1(9 0.18),F=45% Testioroverall efect 2= 168 (= Testioroverallefect Z= 065 (=
Testfor overall efect Z=1.12 (P = 0.26)
122 Symptomatic 132 Symptomatic
Hou2020 W 46 16 6T B1%  07IST08 S Hou2020 @ 22 196 1883 7% 2040144288 =
112 Symplometic - Shama 2019 156 61 48 39% 058032107 —=1 Sharma 2019 6 15 2 6 38% 4444 iaTe) =
Hou 2020 203 416 1620 2767  92% 067(0.55,0.83] Subtotal (95% C) “ 3233 100%  069[057,085] . ‘Subtotal (95°% C1) 27 054 148 248[1.28,482) ->
Shama 2019 8 64 128 466 45%  038[017,081) —_ Totaevrts 7 Tota events 5
Subtotal (95% CI) 480 3233 137%  057(0.34,0.96] > Heterogenely. Tau'= 000, Ch*= 0.38, f= 1 (P= 054), P= 0% Heterogenely. Tau"= 012, Ch=1,67,df= 1 (= Soanreion
Total events 2 Testior overal efect Z= 357 (P= 00004) Testforoverall efect 2= 268 = 0.007)
Heterogeneily Tau*= 0.08; Ch* = 206, dl 1(P 015 F=52%
Lo i el i 23 Wcht oot wt eetc L33t o st
Chang 1999 B oW 2% 129046,369 —_ Chiang 1989 8 3% 4531221680
Costalo 2011 - R At ] Costelo 2011 Yo ow m oae owpnae
1”““'"“‘“‘“"9‘“"‘3‘" and W”""’"W“C Matinez-Conejero 2011 52 13 85 W 46% 083[051,1.34) Martinez-Conejero 2011 78 2 % 23% 214[041,1123)
Chiang 1999 % 14 17% 035008160 —T Manslos 2017 nonmomowm a% 05603200 Wanelos 2017 T n om % 026003207
Costello 2011 1 31 42 161 44%  120[055254) T Salm 2012 4 18 108 23 19% 032010100 — Saim 2012 2 ¢ 3B % 3500Bs13%020]
Trinchant 2022 67 170 1560 3128 84%  060[0.44,082 - Thatun 2012 U5 0% 039017,08 = Thalun 2012 3 7 26%  383081,1806]
mem” W w ' n ol mmme — = gImmn e = fI%EE =
4 8 e i l69% 05963788 - hang 2021 T 180 7 180 0% 098064148 T Znang 2021 B o180 7 180 62%  23[12443]
iu:‘o'all::*ul 496 3686 258%  053[033,085] Subtotal (95% €1 75 w3 new 0s303070) - Subtotal 95% C) 02 W 1% 1911097,378)
otal event Totolavert 257 Total verts
Heterogeneity Tau*= 0.17, Chi*= 11.44, m u? 002),7=65% Hetsogenedy. Taue= 018, ChP= 2539, 1= 8 P = D001 P 68% gy Ta 051,023 PR —
Test for overall efect Z= 262 (P= 0.009) Testforoverall efect Z= 3.48 (P= 00005 Testioroverallefect Z= 167 (=
Lare Srami s owowoas e — S oo s
N Vang . — iang 3 ———
e R o b Sharma 2019 1 16 46 39% 058032107 =1 Sharma 2019 6 15 21 161 38% 44401461376 ——
arma 047,081 _ Trichant 2022 7178 1869 328 56%  045[033,067 - Trinchart 2022 [T W am em penRI —
Trinchant 2022 60 179 1560 3128 83%  051[037,070) Youn 2011 # 8 @ 7T 3% 031016080 == Youm 2011 1Bou s 236073,760] =
Yourn 2011 181 33 73 44%  019(009,042) o Subtotal(95% €1 i M8 050034,075) 4 ‘Subttal 95% C) 2 s wm sweres ——
Subtotal (95% C1) 343 3811 190%  0.37[023,059] L d Totalavents 10 Tota everts 35
Total events 8 1757 oy Ta 00808 562,30~ 013, = 7% ey Tas 066,01 141,123 70002 P2 0%
Heterogeneity Tau"= 0.10: Cht= 534, df= 3 (P = 0.15), = 44% Testioroveral efoct 2= 335 (P= 0.0008) Testior overallefect Z=137 0= 017)
Testioroversliefioct 2= L1207 00001 2sicutedspnpect 4 1.3 Included all phenotye of AM
Benagia 2014 @ w9 29 18808LA3g — Benagia 2014 4w 5w 3% 78RN —
1.1.5 Included all phenotype of AM Costello 2011 1: 375 B 26% 014[006,034) Costelio 2011 213 16 50 24% 049010, 245] —
Benagia 2014 1749 9 43 36%  236(093,600 Hou 2020 M M6 10 767 61% 071057089 Hou2020 @ 22 19 1993 76% 2040144280
Costello 2011 137 42 161 44%  120(055,264 NatherConeeo2011 52 131 65 T 48% 083813 Martnez Conejero 2011 Ta 2 owoam o aupaing
i b A vy ez Bow oo oom ixomam I Vo W% 0o e renea
Neal 2020 86 95 31 543 69% 115[072,1.84) T ud ‘ shaly ¥
oot B 0 80 Jw s ia :n 37‘“‘: o~ Salm 2012 Ot 18 29 19% 0320010100 — Salm 2012 T4 3 18 1% 3500361, 39020)
e ey o L o0l S0 mpe - Thatun 2012 3 % 7 s 0% 03901708 —] Tl 2012 9 9 78 26% 3830811800
ublotal (95% C1) 2 92[062,1.35] hang 2021 ™10 7 10 50% 098084148 Zrang 2021 B o180 7 180 62% 231024431
Total events 338 Sublotal(95% €1 103% 4T M 0581048,097) Subtotal 95% C) 666 063 295 A741106,286)
Heterogeneit Tau= 0,12 ChP = 1231, df= 4 (P=0.02), = 67% Totaevrts 5 Tota everts 112
Testfor overall effect Z= 0.43 (P = 0.67) Heterogenely. Tau"= 0.19; Chi*= 30.13, df = B(P nnnuz) r=13% Heterogeneity. Tau?= 0.23;, Chi'= 1518 m-x(P 004;P=51%
Testioroverall efect Z= 211 (P= 0.03) Testfor overaleflect Z= 219 P = 003)
% 0% .66 [0.53, 0. *
ey ozl sz e osnesus Taaosa e e osnssarm . - wo oo s B
Totolevrts 10 Total verts
Heterogeneily. Tau"= 0.13; ChF*= 57.53, df=17 (P < 0.00001); F= 70% ) 10 S0 Hetogenedy Tau's 014;ChP=8450,of= B p—— S T T e Hewosenety Taw= JE T p— T T
Testfor veral efect 2= 373 (P = 0.0002) A posiive A nagai Testoroverallfct 2= 463 P < 000001 PREL L Testioroverallefect 2= 3342 <0001) Niputi Ailnossiy

Testfor subaroun differences: Chi*=15.21. df= 4 (P = 0.004). F=73.7% Testforsuborouo diferences: CNP= 15,31, of= 4 (= 0.004). = 739% Testfor suborouo oferences: Ch'= 2.37.df= 4 (P= 067, F= 0%

FIGURE 2 Association between in vitro fertilization outcomes and ultrasound-diagnosed adenomyosis. (A) Live birth rate, (B) clinical
pregnancy rate, and (C) miscarriage rate. Women with adenomyosis as diagnosed by ultrasound (US) had lower LBRs and CPRs and higher MRs
than women without adenomyosis as diagnosed by US. However, asymptomatic adenomyosis as diagnosed by US was not associated with

IVF outcomes, while symptomatic adenomyosis as diagnosed by US had a negative effect on IVF outcomes, with lower LBRs and CPRs and
higher MRs. In addition, diffuse adenomyosis as diagnosed by US was associated with lower LBRs and CPRs, but not with the MR. CPR, clinical
pregnancy rate; IVF, in vitro fertilization; LBR, live birth rate; MR, miscarriage rate; US-diagnosed AM, ultrasound-diagnosed adenomyosis.
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FIGURE 3 Comparison of in vitro fertilization outcomes between women with adenomyosis combined with endometriosis and those with
adenomyosis alone. (A) Live birth rate, (B) clinical pregnancy rate, and (C) miscarriage rate. There was no significant difference in the LBR, CPR, or
MR according to the presence of endometriosis. CPR, clinical pregnancy rate; IVF, in vitro fertilization; LBR, live birth rate; MR, miscarriage rate.

showed no association with the CPR (OR=0.51; 95% Cl, 0.20-1.29,
grade: very low) and MR (OR=1.24; 95% Cl. 0.32-4.79; grade:
low).2°"2% The above results are shown in Figure 4 and the grade

Adenomyosis diagnosed by MRI or both MRI and TVUS was
not associated with the LBR (OR=0.43; 95% Cl: 0.11-1.69, grade:
very low), CPR (OR=0.46; 95% Cl: 0.11-1.84, grade: very low), or
MR (OR=1.78; 95% Cl: 0.42-7.59; grade: very low).2%?* The above

results are shown in Figure 5 and the grade evidence profile for out-

evidence profile for outcomes are shown in Table S3.

For the analysis of the impact of MRI-based diagnosis of ade-
nomyosis on IVF outcomes, two studies were included, with data comes are shown in Table S3.
from 67 women with and 190 women without adenomyosis for LBR
and CPR analysis; of these 52 women with and 169 women without

adenomyosis were included in the MR analysis.
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FIGURE 4 Comparison of in vitro fertilization outcomes between women with endometriosis combined with adenomyosis and those
with endometriosis alone. (A) Live birth rate, (B) clinical pregnancy rate, and (C) miscarriage rate. Women with endometriosis and concurrent
adenomyosis had a lower LBR than those with endometriosis alone. CPR, clinical pregnancy rate; IVF, in vitro fertilization; LBR, live birth

rate; MR, miscarriage rate.
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FIGURE 5 Overall association between in vitro fertilization outcomes and MRI or MRI combined with ultrasound (US) in the diagnosis of
adenomyosis. (A) Live birth rate, (B) clinical pregnancy rate, and (C) miscarriage rate. Diagnosing adenomyosis using MRI or MRI combined
with US did not have a significant effect on IVF outcomes. CPR, clinical pregnancy rate; IVF, in vitro fertilization; LBR, live birth rate; MR,

miscarriage rate.

4 | DISCUSSION
The key findings of our study indicate that patients diagnosed with
adenomyosis by US may have poorer IVF outcomes than those
without the condition. Our analysis also reveals that symptomatic
and diffuse adenomyosis, but not asymptomatic adenomyosis
diagnosis by US, may adversely impact IVF outcomes. Furthermore,
concurrent adenomyosis in women with endometriosis may affect
the LBR; however, concurrent endometriosis in women with
adenomyosis may have no negative effect on IVF outcomes. Finally,
MRI or MRI combined with US used for the diagnosis of adenomyosis
was not associated with IVF outcomes.

With the increasing availability of imaging techniques, the prev-
alence of adenomyosis has been estimated not only in patients

undergoing hysterectomy, but also in patients undergoing gyne-
cological TVUS examination. Most patients with adenomyosis un-
dergoing IVF receive medical treatment and have no histological
evidence of the disease. Presently, adenomyosis diagnosis is based
on features of two-dimensional (or three-dimensional) TVUS, al-
though there is no consensus on the TVUS features of adenomyo-
sis.?® Therefore, TVUS is crucial for the diagnosis and IVF treatment
in adenomyosis. However, from a clinical perspective, an optimal im-
aging technique should help determine the best treatment modality,
besides facilitating accurate diagnosis.

We agree with other groups that adenomyosis should be part
of the differential diagnosis in patients with infertility at the first
consultation. While there may be benefits from surgical treatment
of adenomyosis before IVF, resection may be incomplete in case of
lack of capsule, and the risk of uterine rupture during pregnancy may
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be higher.2® Therefore, surgery may not be recommended for pa-
tients with infertility without symptoms. Furthermore, several stud-
ies demonstrated no difference in pregnancy outcomes between
women with and those without US-diagnosed adenomyosis under-
going long-term downregulation ovarian stimulation.” In addition,
a systematic review and meta-analysis targeting IVF outcomes re-
ported that symptomatic patients with adenomyosis had lower CPRs
and higher MRs, which is consistent with our results.”” Hence, in
our opinion, women with asymptomatic US-diagnosed adenomyosis
should be appropriately reassured that this finding may be incidental.
In the present study, patients with adenomyosis had poorer IVF
outcomes than those without adenomyosis, which is in accordance
with the findings of a preceding meta-analysis, but with higher het-
erogeneity of the included studies.? Notably, our study has an im-
portant difference from the previous meta-analysis. Namely, our
subgroup analysis findings demonstrated for the first time that
asymptomatic adenomyosis diagnosed by US may not have a sig-
nificant impact on the chances of IVF success, which supports the
negative impact of symptomatic adenomyosis diagnosed by US on
IVF outcomes, as indicated by lower LBRs, CPRs, and higher MRs.
Therefore, we concluded that additional therapy may not be nec-
essary for asymptomatic adenomyosis diagnosed by US may not
affect the chances of IVF success. Based on our findings, different
treatment regimens for symptomatic vs asymptomatic patients with
US-diagnosed adenomyosis may contribute to better counseling for
couples with infertility planning IVF. Patients with symptomatic ad-
enomyosis, may benefit from an ultra-long gonadotrophin releasing
hormone-agonist protocol, despite experiencing stronger pituitary
inhibition and lower ovarian responses than those treated with a
long gonadotrophin releasing hormone-agonist protocol. These
findings suggest that the former protocol may result in better IVF
outcomes. However, large, well-designed multicenter randomized
controlled trials for adenomyosis are required in the future.
Advances in TVUS have facilitated the diagnose of different
phenotypes of adenomyosis (diffuse or focal).?® In this study, we
attempted to extract data on diffuse adenomyosis, and the sub-
group analysis results demonstrated a significant decrease in overall
heterogeneity. Diffuse adenomyosis had an association with lower
LBRs and CPRs. The differences in biological properties between
focal and diffuse adenomyosis are not well understood and infor-
mation is scarce. A study attempting to elucidate the mechanism of
hormonal resistance in adenomyosis reported the absence of re-
duced estrogen and progesterone receptor expression in response
to gonadotrophin releasing hormone agonists in adenomyotic tis-
sues in women with diffuse adenomyosis, while those with focal
adenomyosis responded to the treatment, which supports our find-
ings. The 2015 MUSA criteria provide detailed, comprehensive, and
unified definitions of diffuse, focal, and mixed-type adenomyosis.?’
Unfortunately, no studies to date have investigated the impact of
different subtypes of US-diagnosed adenomyosis on IVF outcomes
based on these criteria. In our opinion, a comprehensive, clear, and
universal classification of adenomyosis, including pattern, location,
and histological variation, is warranted. Sonographers and clinicians

should be more aware of subtypes of adenomyosis based on US in
patients undergoing infertility testing in preparation for IVF.

Furthermore, adenomyosis often coexists with endometrio-
sis. Our results showed that the existence of endometriosis in
women with adenomyosis as the primary complaint does not in-
crease the risk of negative IVF outcomes. However, in women
with endometriosis as the primary complaint, concurrent adeno-
myosis was associated with a lower LBR than that in endome-
triosis alone. Thus, adenomyosis may be a crucial factor to be
considered when combined with endometriosis. Endometriosis-
related infertility may be associated with ovarian damage, while
adenomyosis may lead to infertility by disturbing the endometrial
environment by causing aberrant uterine contractions, abnor-
mal myometrial activity, and deranged endometrial milieu with
altered expression of implantation factors. Considering that pa-
tients undergoing IVF treatment have adjusted to good ovarian
function, adenomyosis seems to affect fertility even in the ab-
sence of endometriosis. Hence, our findings suggest that adeno-
myosis possibly remains a priority consideration for obstetricians
and gynecologists when planning IVF treatment, even when co-
morbid with endometriosis.

In a prior meta-analysis, Liu et al. demonstrated that both TVUS
and MRI had high and comparable accuracy in diagnosing adenomy-
osis.2% In this study, we found that using MRI or MRI combined with
TVUS did not negatively affect IVF outcomes; however, it was also
not conducive to predicting IVF outcomes in women with adenomy-
osis. Although the available evidence was of a very low-grade and
insufficient (only two studies), the results are still promising. TVUS
may have better sensitivity in diagnosing adenomyosis, while MRI
has more advantages in diagnosing endometriosis. Based on the
available data, adenomyosis may be an important factor that should
be considered for IVF treatment. Therefore, improving the diag-
nostic accuracy of TVUS for adenomyosis may be a possible break-
through point for future research. We speculate that standardized
US according to internationally recognized criteria would be more
beneficial for the diagnosis of adenomyosis. For better patient man-
agement, we reiterate the importance of TVUS in the assessment of
adenomyosis, while MRI should be recommended if screening for
endometriosis is necessary.

The strength of our study is that it is the first meta-analysis
to date to analyze the impact of adenomyosis on IVF outcomes in
consideration of the adenomyosis type, symptoms, and diagnostic
methods. However, there are also some limitations to this analysis.
First, the results on the effect of MRI or MRI combined with US on
IVF outcomes when used for adenomyosis diagnosis should be in-
terpreted with caution because the statistical power was limited and
data on adenomyosis subtypes were unavailable. Second, we did
not determine the impact on IVF outcomes in focal US-diagnosed
adenomyosis because there were no available data that clearly fo-
cused on focal adenomyosis. Third, as the analysis of the effect of
concurrent endometriosis was based on limited studies, further re-
search is needed to draw firm conclusions. Fourth, because of the
observational nature of the included studies, residual or unmeasured
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confounding factors cannot be excluded, which limits any conclu-
sions on the causality of the identified associations. Fifth, the inclu-
sion of studies that did not report live births as the primary outcome
may constitute a major source of bias, given that live birth rate was
the primary outcome of interest. Sixth, even transient changes in the
myometrium can simulate adenomyosis, making the interobserver
agreement about the sonographic diagnosis very poor. Last, there
is no consensus on the diagnostic criteria for adenomyosis, and as
the diagnostic criteria are not well defined, this issue can result in

heterogeneity.

5 | CONCLUSION

Our findings suggest that asymptomatic adenomyosis diagnosed
by TVUS may not have a significant impact on IVF outcomes in-
dicating that additional therapy for this condition may not be
necessary. Furthermore, adenomyosis possibly remains a prior-
ity consideration for obstetricians and gynecologists when plan-
ning IVF treatment, especially in the presence of endometriosis.
Moreover, diffuse and symptomatic adenomyosis may have im-
portant implications for the IVF outcomes in patients with ad-
enomyosis. Evaluation of individual MUAS criteria and adoption
of standardized reporting guidelines in the assessment of aden-
omyosis using TVUS may contribute to improving individualized
treatment, determining the correct approach to IVF treatment,

and favorable pregnancy outcomes.
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