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Abstract
Background: Adenomyosis (AM) and endometriosis (EM) often coexist. Laparoscopic surgery is one of the main
methods for diagnosing and treating these conditions. This study aims to investigate the pregnancy outcomes of
women with infertility with both AM and EM after laparoscopic surgery and to identify the relevant associated
factors.
Methods: This is a retrospective study involving women with infertility diagnosed with EM and AM. All patients
had undergone laparoscopic surgery and were divided into two groups according to their pregnancy outcomes.
Demographic data, operation records, and pregnancy outcomes were collected.
Results: A total of 226 female patients with infertility diagnosed with both AM and EM underwent laparoscopic
surgery. Of these, a total of 176 patients completed follow-up. Ninety-seven patients had live births, including 81
full-term and 16 preterm deliveries. The clinical pregnancy and live birth rates were 67.4 and 55.11%, respectively.
One hundred thirty-five patients received in vitro fertilization (IVF), with 70 (51.85%) of these patients having live
births. Age, endometrioma size, and uterus size were significantly lower in those who had a successful delivery.
There was no statistically significant difference in symptoms, except that those who achieved live birth had a lower
rate of anaemia (13.40% vs. 25.32%, p = 0.044). The group that did not proceed to have a live birth had a higher
percentage of ovarian and peritoneal endometriosis (p < 0.05), while the distribution of deep infiltrating
endometriosis and adenomyosis types were similar. Mean uterus diameter (OR: 0.636, 95% CI: 0.434–0.932, p = 0.020)
and endometriosis fertility index (EFI) (OR: 1.299, 95% CI: 1.101–1.531, p = 0.002) were significantly correlated with
live birth in the multivariable analysis.
Conclusions: Endometriosis and adenomyosis appear to have an adverse effect on pregnancy outcome. These
might be related to the size of the uterus and EFI. Obstetricians and gynaecologists should be alert to this potential
adverse effect and manage these patients accordingly.
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Background
Adenomyosis (AM) and endometriosis (EM) [1] are benign
conditions of the uterus, defined by the presence of endometrial glands and stroma within the myometrium and
outside of the uterus, respectively. Histological diagnosis is
the most accurate method for identifying these conditions,
but they can also be diagnosed clinically [2, 3] with imaging
modalities when patients present with symptoms. These
symptoms include dysmenorrhea, dyspareunia, abnormal
uterine bleeding, and infertility. AM shares some pathogenic mechanisms with EM [4]. Our previous study
reported that 39.9% of women with endometrioma also
had AM [5], while 33.3% [6] of 72 patients histologically
diagnosed with AM had concomitant EM. Chapron et al.
[7] reported that the coexistence percentage could be as
high as 87.4%.
AM and EM both have adverse effects on fertility,
complicating treatment [8, 9]. In addition to impacts on
reproductive performance (infertility and spontaneous
pegnancy loss), pregnancy outcomes (preterm labour,
foetal growth restriction, placenta previa and even uterine
rupture) are also affected by AM [10, 11] and EM [12].
Laparoscopic surgery is one of the primary ways [13]
to diagnose and treat these conditions, but difficulty
remains in predicting pregnancy outcomes in women
with infertility diagnosed with both AM and EM. The
endometriosis fertility index (EFI) has been proven to be
a useful model to predict pregnancy outcomes [14];
however, it does not include adenomyosis. Additionally,
the effect of the type of coexisting adenomyosis on
fertility outcomes has not been fully evaluated, with few
studies specifically concentrating on this topic. In this
study, we aimed to explore pregnancy outcomes through
long-term follow-up and analyse the factors related to
fertility outcomes of women with infertility with both
AM and EM after laparoscopic surgery.
Methods
Ethical approval and informed consent for study

This study was approved by the Ethics Committee (institutional review board of Peking Union Medical College
Hospital, No. S-K1055), and all procedures involving
human participants followed the ethical standards of the
institutional review board (IRB) from the study centre.
Informed verbal consent was obtained from all patients
at their follow-up interviews.
Subject selection

We identified 257 patients who underwent surgery for the
first time in our hospital with a diagnosis of both EM and
AM between January 2013 and December 2017. Among
them, 226 (87.94%) patients with infertility underwent
laparoscopy and who wished to conceive after surgery were
followed-up for a minimum of 2 years after the operation.
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The exclusion criteria were as follows: (1) age < 20 or > 40
years; (2) bilateral oophorectomy or hysterectomy; (3) intraoperative conversion to laparotomy; and (4) concomitant
diseases that clearly affect fertility, such as submucosal fibroids, premature ovarian failure, systemic lupus erythematosus, malignant tumours, polycystic ovary syndrome, male
factor and reproductive malformation.
Clinical definitions

Infertility [15] was defined as the inability to conceive despite frequent, unprotected sex for at least one year, and a
successful delivery was defined as the patient having a live
birth. Primary infertility referred to a couple without a
pregnancy history, while secondary infertility was used for
couples who have had at least one conception.
Ultrasonographic exams were performed after the menstrual cycle immediately prior to surgery. Features on
ultrasound that suggest AM were as follows: asymmetrical
myometrial thickening, myometrial cysts, linear striations,
hyperechoic islands, or irregular and thickened endometrial–myometrial junctional zones [16]. If more than two
features were present and the lesions were located in only
one part of the uterine wall, a diagnosis of focal AM was
made. Diffuse AM was diagnosed for lesions in more than
one site within the myometrium, more often being widely
spread rather than forming a confined lesion [17]. Endometriosis was visually inspected by laparoscopy and histologically confirmed. Deep infiltrating endometriosis was
diagnosed as the presence of one or more endometriotic
nodules infiltrating deeper than 5 mm [18].
Surgical intervention, variables and measurements

During the surgery, endometriomas were removed, and
peritoneal endometrial tissue was treated with bipolar
electrocoagulation. Deep infiltrating endometriotic
nodules and adenomyoma lesions were resected after
consultation between doctors and the patient, especially
for those who had severe symptoms or repeated in vitro
fertilization and embryo transfer (IVF-ET) failure. Presurgical symptoms and surgical data, including postoperative complications, were retrieved from patient
admission and operative databases. The revised American
Fertility Society (rAFS) score, staging from the revised
American Society for Reproductive Medicine (rASRM),
and EFI [19] were collected according to surgical records
and infertility history. Post-surgical symptoms and pregnancy outcomes were collected from follow-up interviews
with outpatients.
In this study, independent variables were classified into
three groups: demographic factors, including age, body
mass index (BMI), history of abortion and assisted reproductive therapies (ART), menstrual cycle length, dysmenorrhea, anaemia, CA125 and follicle stimulating hormone
(FSH). Surgical factors included mean uterus diameter,
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mean cyst diameter, type of EM and AM, blood loss,
surgical time, resection of AM and deep infiltrating endometriotic (DIE) nodules, rAFS score and EFI. Medical
treatment and IVF after surgery were also examined as
potential variables related to pregnancy outcome. The
dependent variable for all these was live birth.

Statistical analysis

Continuous data are presented as the median (interquartile range) or mean ± SD and were compared using the
t-test or ANOVA. Categorical data are described by the
number of patients (including percentages) and were
compared with Fisher’s exact test or the chi-square test.
Variables identified with univariable analysis with a P
value less than 0.2 were subjected to multiple logistic
regression (stepwise). Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated as measures of the
impact of the variables on live birth. All analyses used a
two-tailed α of 0.05 and were performed using SPSS

Fig. 1 Flowchart of patient selection
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software (Version 20.0, IBM Corp., Armonk, NY, USA),
and p < 0.05 was considered significant.

Results
Patient characteristics

During the study period, 226 patients with infertility
with both AM and EM were identified and underwent
laparoscopic surgery. Forty-three patients were excluded
due to either age criteria (n = 32) or insufficient follow-up
data (n = 11). Seven patients who became pregnant did
not deliver and were thus also excluded. To report the factors associated with successful live births, we divided the
176 remaining women into two groups: Group A (n = 97)
contained 81 women who give birth to full-term infants
and 16 who birthed preterm infants, and Group B (n = 79)
consisted of those patients who did not achieve a successful delivery. The average BMI (kg/m2) was 21.17 ± 3.86. A
flowchart describing the group selection process for the
patients is provided in Fig. 1. The basic characteristics of
both groups are presented in Table 1.
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Table 1 Population characteristics of the live birth and non-live birth groups
p value

Group A

Group B

Women who had a successful
delivery(n = 97)

Women who did not have a
successful delivery(n = 79)

Age (years)

32.52 ± 3.20

33.53 ± 3.95

BMI (kg/m2)

21.74 ± 2.78

20.51 ± 4.72

0.046*
0.033*

Type of Infertility n (%)

NS

Primary infertility

60 (61.86%)

52 (65.82%)

Secondary infertility

37 (38.14%)

27 (34.18%)

Gravida

0 (0–5)

0 (0–5)

NS

Parity

0 (0–1)

0 (0–2)

NS

Abortion history

19 (19.59%)

23 (29.11%)

NS

Previous ART

21 (21.65%)

14 (17.72%)

NS

Duration of infertility (years)

3 (1–8)

2 (1–11)

NS

Length of period (day)

5.88 ± 1.86

6.22 ± 2.04

NS

Menstrual cycle (day)

28.94 ± 6.17

28.94 ± 9.35

NS

Duration of dysmenorrhea (years)

5.33 ± 5.77

6.30 ± 6.29

NS

Dysmenorrhea (VAS)

4.22 ± 3.59

4.58 ± 3.49

NS

Anemia

13 (13.40%)

20 (25.32%)

0.044*

CA125(U/ml)

80.67 ± 92.47

109.57 ± 98.48

NS

FSH (IU/l)

7.12 ± 2.21

8.43 ± 2.81

0.005*

E2(pg/ml)

53.69 ± 41.14

48.88 ± 21.85

NS

Mean uterus diameter (cm)

4.91 ± 0.79

5.42 ± 1.20

0.001*

Mean cyst diameter (cm)

2.63 ± 3.43

4.38 ± 4.00

0.002*

Note: Data are presented as mean ± SD, median (interquartile range) or n (%); NS, not significant; BMI, body mass index; ART assisted reproductive technology;
VAS, visual analog scale; CA125, cancer antigen 125; FSH, follicle stimulating hormone; E2, estrogen
*p < 0.05

Surgical findings

Compared with the women who did not have a successful delivery, the women who had a successful delivery
had significantly lower rAFS scores (33.62 ± 33.53 vs.
47.56 ± 38.22, p = 0.011) and higher EFIs (6.87 ± 2.04 vs.
5.67 ± 2.09, p = 0.001). Blood loss during laparoscopy in
group A was also less than that in group B (46.03 ±
51.80 ml vs. 84.08 ± 114.39 ml, p = 0.009), as was surgical
time (56.60 ± 21.42 min vs. 65.76 ± 27.34 min, p = 0.022).
Seventy-six patients underwent adenomyosis/adenomyoma resection. We also found that the non-live birth
group had a significantly higher proportion of ovarian
endometriosis (OEM) and peritoneal endometriosis
(PEM) than the live birth group. However, the differences in DIE, AM types, leiomyoma, endometrial polyps,
or obstruction of the oviduct between the two groups
were not significant (Table 2).

due to premature ovarian failures (POFs), one due to
endometrial intraepithelial neoplasia (EIN), and two due
to repeated IVF failures. One hundred thirty-five
(73.77%) patients underwent IVF, and 70 patients had
live births (51.85%). The mean time from surgery to
pregnancy was 12.89 ± 8.66 months, and the mean time
Table 2 Surgical findings between the live birth and non-live
birth groups
Group A(n = 97) Group B(n = 79) p value
Ovarian endometriosis

49 (50.52%)

57 (72.15%)

0.004*

Peritoneal endometriosis 65 (67.01%)

40 (50.63%)

0.028*

Deep infiltrating
endometriosis

22 (27.85%)

NS

35 (36.08%)

AM type

NS

Diffuse

52 (53.61%)

43 (54.43%)

Local

45 (46.39%)

36 (45.57%)

Fertility results and pregnancy outcomes

Leiomyoma

29 (29.90%)

18 (22.78%)

NS

After long-term follow-up (median 47 months, range
24–80 months), 35 (19.13%) patients had failed to conceive, and 13 (7.10%) patients stopped trying to conceive:
four due to disease relapses, two due to depression, four

Obstruction of oviduct

22 (22.68%)

23 (29.11%)

NS

Endometrial polyps

31 (31.96%)

25 (31.64%)

NS

Note: Data are presented as n (%); NS, not significant
*p < 0.05
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from the first ovulation after surgery to pregnancy was
8.56 ± 8.48 months. The clinical pregnancy rate, or the
presence of a foetal heartbeat at 12 weeks of gestation,
was 67.4, and 55.11% ultimately achieved a successful
delivery. One hundred forty-eight (80.87%) patients had
a positive pregnancy test. Forty (27.03%) patients experienced spontaneous pregnancy losses, two (1.35%) had
ectopic pregnancies, and five (3.38%) experienced intrauterine deaths (foetal death at or after the 20th week of
gestation). Among the women who gave live birth, 16
(16.50%) had preterm labour, and 12 (12.37%) had abnormal placental conditions (seven placenta previa, four
placenta acrreta, and one placenta increta). Other
detailed information regarding natural/IVF pregnancy
outcomes is provided in Fig. 2.
To determine the factors associated with a successful
delivery, univariable analysis and multivariable logistic
regression analysis were performed. Variables showing a
tendency of association with live birth rate (p values <
0.20) in the univariable analysis were included in the
multivariable model. When two variables were highly
correlated, we introduced only one of them into the
model and suppressed the other; for example, when
examining age and FSH level, the latter was suppressed.
Surgical time (p = 0.016) and blood loss (p = 0.011)
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showed a tendency of association, but they were excluded because they were highly correlated with the AFS
score and type of AM. EFI includes age, infertility type,
years of infertility, function of the fallopian tube/fimbria/
ovaries, and AFS; therefore, they were not included as
candidate factors. EFI (p < .001), anaemia (defined as
haemoglobin < 110 g/L) (p = 0.047), VAS (p = 0.112),
CA125 (p = 0.093), mean uterine diameter (p = 0.002),
ART (p = 0.122), and medical history (p = 0.017) were included as covariates in the final model. AM type (p =
0.159) and AM surgery (p = 0.110) were also included, as
they were reported to be related to the pregnancy rate
[20]. Table 3 presents the estimated ORs with the standard errors (SE) and 95% CIs between live birth rates and
significantly relevant confounders. Other variables demonstrated no significant relationship with live births.

Discussion
This study included 176 infertile women with both EM
and AM who underwent laparoscopic surgery and subsequently completed long-term outpatient follow-up. To
date, only a handful of studies have specially focused on
pregnancy outcomes in women with both AM and EM
[21–23], while most of the reported studies involved either exclusively EM or AM patients or grouped the two

Fig. 2 Flowchart of reproductive outcomes in AM and EM patients who underwent laparoscopic surgery
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Table 3 Significant prognostic factors of live birth rate after
multivariable analysis
Characteristics

OR

SE

95% CI

P value

Mean uterus diameter

0.636

0.195

0.434–0.932

0.020*

EFI

1.299

0.084

1.101–1.531

0.002*

Note: OR odds ratio, SE standard error, CI confidential interval
*p < 0.05

diseases together. Notably, Maignien et al. [24] studied
359 EM patients with infertility and found pregnancy
and live birth rates of 44 and 32%, respectively. Our results showed higher rates for both pregnancy and live
birth, likely because we recruited only women between
the ages of 20 and 40 years, given that age is a potential
risk factor for infertility [25]. Another potential reason
for the higher pregnancy outcomes in our study than in
previous reports might be the low average BMI (21) in
our patients. Interestingly, the occurrence of EM pathology has been shown to be inversely correlated with
BMI, as obese women with infertility are at lower risk
for EM [26]. Here, we documented that the live birth
group patients had a slightly but significantly higher
BMI and lower rAFS scores than the patients in the
non-live birth group, which is in agreement with the
finding of Ashraf Moini [27], who showed that BMI was
an independent predictive factor of severe endometriosis.
However, the exact impact of BMI on pregnancy outcomes in non-obese women with EM has not been fully
evaluated to date. Furthermore, the better pregnancy outcomes in our study could be attributed to the frequent
and multiple rounds of IVF received by the participants.
Among these patients, some underwent IVF immediately
after surgery, while some opted for delayed IVF after failing to conceive naturally. Notably, some of our patients
were able to have natural live births even after repeated
rounds of IVF-ET failure. Considering these potential variabilities, we could not compare the pregnancy outcomes
from IVF therapy with those of natural conception.
We observed that EM phenotypes might directly impact pregnancy outcomes, as there were significant differences between the live birth group and the non-live
birth group. Our previous results demonstrated the presence of follicles in the cyst walls of endometriomas on
histopathological examinations [28], and the FSH level
significantly decreases after laparoscopic bilateral ovary
endometrioma resection [29]. Vercellini et al. [30] retrospectively analysed 419 patients who naturally conceived
based on their EM phenotypes. They reported a total
spontaneous pegnancy loss rate of 20.8%, which was
much lower than that observed (27.03%) in our study.
Moreover, they also noticed a higher spontaneous pegnancy loss rate in women with ovarian endometriomas
(26%) than in those with the peritoneal type (12%). However, these findings are in contrast to those in the report

by Maignien et al. [24], where the live birth rates per
cycle were reported as 13.7, 16.5 and 16% for peritoneal,
ovarian, and deep infiltrating EM (p = 0.82), respectively.
In addition to the reduced oocyte yield, reduced
fertilization rate (FR), and increased spontaneous pegnancy
loss rate [31, 32], AM and EM have also been reported to
be associated with several obstetrical and foetal complications [12]. However, the evidence is still lacking and contradictory. A recent meta-analysis including 104 reports found
that EM could be associated with preterm delivery (OR
1.38, 95% CI 1.01–1.89), caesarean section delivery (OR
1.98,95% CI 1.64–2.38), and neonatal unit admission
following delivery (OR 1.29, 95% CI 1.07–1.55) [33]. Two
other systematic reviews failed to draw conclusions on obstetrical complications related to EM except for preterm
delivery [34] and placenta previa [35]. This study found a
preterm birth rate of 16.50% and a placenta previa incidence of 7.22%, which are slightly higher than those in
Benaglia L’s report [36]. In this retrospective, matched,
case-control study, there was no significant difference in
the preterm birth rate between the EM and non-EM groups
(14 and 14%, respectively, p = 0.89), while placenta previa
was found to be more common in women with EM than in
the control group (6% versus 1%, respectively; p = 0.006,
OR 4.8, 95% CI: 1.4–17.2). In our study, the preterm birth
rate was 16.50%, and the incidence of abnormal placenta
(placenta previa, placenta accreta and placenta increta) was
12.37%. A possible explanation for this might be that our
patients had both EM and AM. In a multi-centre retrospective questionnaire survey [37] across 65 facilities including 272 pregnant women with AM, it was found that
the preterm delivery rate was 24.4%. Several other studies
also further analysed the clinical factors that may affect
pregnancy outcomes. A retrospective study of 631 women
with EM who became pregnant following ART [38] reported that the incidences of preterm delivery or abnormal
placental positioning may not increase in stages I–III but
can significantly increase in stage IV. Furthermore, Kim
and colleagues [39] reported a preterm labour incidence of
24.56% in a retrospective study and found that uterine wall
thickness in the second trimester was related to subsequent
preterm delivery. Consistent with these findings, we also
observed that the size of the uterus was significantly different between the two groups.
The aetiology of infertility is thought to include disordered inflammatory factors such as irregular prostaglandin
(PG, particularly PGE2 and PGF2α) and cyclooxygenase 2
(COX-2) production [40], abnormal ER- and PR-mediated
signalling pathways associated with progesterone resistance [41], impaired trophoblast invasiveness, and uterine
contractility [42]. These can also be related to a failure of
the physiologic transformation of the spiral arteries in the
inner myometrial segment or junctional zone (JZ). Alterations in the JZ in women with EM and AM can further
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influence the vascular resistance of JZ spiral arteries at the
onset of decidualization [42] and lead to incomplete spiral
artery remodelling and a reduction in placental blood flow
[43]. The underlying mechanism is highly complex and
currently under debate. The influence of coexisting EM
and AM on pregnancy is not necessarily the clinically
superimposition of that of the individual conditions;
rather, these two diseases might interact with each other.
The major strength of this study is the diagnostic
approach used for AM and EM. The gold standard for
AM diagnosis is based on histopathological analysis,
which is an invasive technique with a potential risk of
uterine rupture during pregnancy and delivery [44].
Therefore, non-invasive techniques such as ultrasound
and MRI are preferred. MRI, with a sensitivity ranging
from 78 to 88% and a specificity ranging from 67 to
93% [45], has been traditionally considered more accurate than ultrasound examination. However, with the
development of high-quality transvaginal ultrasound
(TVUS), a systematic review including 10 studies (1168
records) indicated that the two techniques are comparable [46]. The accuracy of ultrasound in AM diagnosis
is high, with a mean sensitivity of 0.72 (95% CI: 0.65–
0.79), specificity of 0.81 (95% CI: 0.77–0.85), and area
under the curve (AUC) of 0.85 [47, 48]. To minimize
the interrater reliability between TVUS technicians, we
submitted all raw figures to two experienced ultrasound
physicians for review. Furthermore, ultrasound is much
cheaper and more convenient than MRI. The gold
standard diagnostic examination for EM and its subtypes is based on laparoscopic surgery [2]. However,
women referred to our hospital may have had severe
forms of either AM or EM or repeated IVF failure,
which might introduce potential selection and comparison biases. In addition, the follow-up did not include
an analysis of IVF details. Most patients reportedly
went to their local ART centre for controlled ovarian
stimulation and IVF-ET and could recall few details except the final results. There are several other limitations
of this study. First, our study is retrospective in nature.
Second, the number of patients was limited; hence, we
could not perform subtype analyses according to obstetric complications. Third, other interfering factors
were not included in our analyses, such as the excision
of DIEs [21], the use of gonadotropin-releasing hormone agonist (GnRHa) [49], and the complete removal
of endometriosis lesions [50]. Fourth, this study only
included patients who needed laparoscopic surgery.
Patients with severe adhesions and a large uterus might
instead require laparotomy. Our study shows that the
pregnancy outcome is quite different from that following laparotomy (unpublished data). Although dysmenorrhea, menorrhagia, chronic pelvic pain, dyspareunia,
and infertility can often occur from this procedure,
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one-third of women have no such symptoms [45]. The
actual effect of AM and EM on the fertility and sterility
rates in women could be more widespread and occult.

Conclusions
Overall, our study suggests that the coexistence of EM
and AM has adverse effects on both reproductive
performance and the outcome of pregnancy. Age, BMI,
and the sizes of endometrioma and the uterus were
related to prognosis. IVF is an important technique for
improving the pregnancy rate following surgery. These
findings may prove useful in developing treatment plans
for infertile patients with AM and EM. Further prospective studies with larger sample sizes are required to draw
firmer conclusions.
Abbreviations
AM: Adenomyosis; EM: Endometriosis; rAFS: Revised American Fertility
Society; rASRM: Revised American Society for Reproductive Medicine;
EFI: Endometriosis fertility index; POF: Premature ovarian failures;
EIN: Endometrial intraepithelial neoplasia; IVF: In vitro fertilization; VAS: Visual
analogue scale; ART: Assisted reproductive technology; SE: Standard error;
PG: Prostaglandin; JZ: Junctional zone; TVUS: Transvaginal ultrasound;
FSH: Follicle stimulating hormone; AUC: Area under the curve; OR: Odds
ratio; 95% CI: 95% confidence interval; NS: Not significant
Acknowledgements
We appreciate the whole staff at Peking Union Medical College Hospital
(PUMCH) for their clinical work and data recording for the patients we
reported in this article.
Authors’ contributions
JH-S and JH-L designed the study. XY-L, SZ-J, and J-J Zhang retrieved the
data and performed the data analysis. JH-S and Y-D drafted the manuscript.
All the authors participated in the discussion of the results and critically
revised the manuscript. The funders had no role in the study design, data
collection and analysis, decision to publish, or preparation of the manuscript.
The authors read and approved the final manuscript.
Funding
This study was funded by the National Key R&D Program of China (No.
2017YFC1001200) and the National Natural Science Foundation of China (No.
81541016).
Availability of data and materials
The datasets used and/or analyses performed during the study are available
from the corresponding author upon reasonable request.

Declarations
Ethics approval and consent to participate
All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee (Peking Union Medical College Hospital, S-K1055) and with
the 1964 Helsinki declaration and its later amendments or comparable ethical
standards. Informed consent was obtained from all individual participants
included in the study. The content was verbal. Many patients lived outside
Beijing, some even lived overseas, and could only offer verbal consent. The
ethics committee approved this procedure as the study only involves the
collection or study of existing data, documents, records, pathological
specimens, or diagnostic speciments, and these sources are publicly available,
or the information is recorded by the investigator in such a manner that the
subjects cannot be identified, directly or through identifiers linked to the
subjects.
Consent for publication
Not applicable.

Shi et al. BMC Pregnancy and Childbirth

(2021) 21:383

Competing interests
All authors declare that they have no conflicts of interest related to the
topic.
Author details
1
Department of Obstetrics and Gynecology, Peking Union Medical College
Hospital, Chinese Academy of Medical Science & Peking Union Medical
College, Beijing, P. R. China. 2National Clinical Research Center for Obstetric &
Gynecologic Diseases, Beijing, P. R. China. 3Permanent address: Department
of Obstetrics and Gynecology, Peking Union Medical College Hospital,
Beijing 100730, P. R. China.
Received: 23 September 2020 Accepted: 5 May 2021

References
1. Vercellini P, Viganò P, Somigliana E, Fedele L. Endometriosis: pathogenesis
and treatment. Nat Rev Endocrinol. 2014;10(5):261–75. https://doi.org/10.103
8/nrendo.2013.255.
2. Kiesel L, Sourouni M. Diagnosis of endometriosis in the 21st century.
Climacteric. 2019;22(3):296–302. https://doi.org/10.1080/13697137.2019.1
578743.
3. Chapron C, Vannuccini S, Santulli P, Abrão MS, Carmona F, Fraser IS, et al.
Diagnosing adenomyosis: an integrated clinical and imaging approach.
Hum Reprod Update. 2020;26(3):392–411. https://doi.org/10.1093/humupd/
dmz049.
4. Brosens I, Kunz G, Benagiano G. Is adenomyosis the neglected phenotype
of an endomyometrial dysfunction syndrome? Gynecol Surg. 2012;9(2):131–
7. https://doi.org/10.1007/s10397-011-0723-3.
5. Li XY, Chao XP, Leng JH, Zhang W, Zhang JJ, Dai Y, et al. Risk factors for
postoperative recurrence of ovarian endometriosis: long-term follow-up of
358 women. J Ovarian Res. 2019;12(1):79. https://doi.org/10.1186/s13048-01
9-0552-y.
6. Lv Y, Leng JH, Dai Y, Shi JH, Lang JH. The medium to long term clinical
outcomes of laparoscopic conservative surgery on adenomyomas. Chinese J
Pract Gynecol Obstetrics. 2011;27(10):753–6.
7. Chapron C, Tosti C, Marcellin L, Bourdon M, Lafay-Pillet MC, Millischer AE,
et al. Relationship between the magnetic resonance imaging appearance of
adenomyosis and endometriosis phenotypes. Hum Reprod (Oxford,
England). 2017;32(7):1393–401.
8. Soave I, Wenger JM, Pluchino N, Marci R. Treatment options and
reproductive outcome for adenomyosis-associated infertility. Curr Med Res
Opin. 2018;34(5):839–49. https://doi.org/10.1080/03007995.2017.1393404.
9. Lee D, Kim SK, Lee JR, Jee BC. Management of endometriosis-related
infertility: considerations and treatment options. Clin Exp Reprod Med. 2020;
47(1):1–11. https://doi.org/10.5653/cerm.2019.02971.
10. Mochimaru A, Aoki S, Oba M, Kurasawa K, Takahashi T, Hirahara F. Adverse
pregnancy outcomes associated with adenomyosis with uterine
enlargement. J Obstet Gynaecol Res. 2015;41(4):529-33. https://doi.org/1
0.1111/jog.12604.
11. Razavi M, Maleki-Hajiagha A, Sepidarkish M, Rouholamin S, Almasi-Hashiani
A, Rezaeinejad M. Systematic review and meta-analysis of adverse
pregnancy outcomes after uterine adenomyosis. Int J Gynaecol Obstetrics.
2019;145(2):149–57. https://doi.org/10.1002/ijgo.12799.
12. Harada T, Taniguchi F, Amano H, Kurozawa Y, Ideno Y, Hayashi K, et al.
Adverse obstetrical outcomes for women with endometriosis and
adenomyosis: a large cohort of the Japan environment and Children's
study. PLoS One. 2019;14(8):e0220256. https://doi.org/10.1371/journal.pone.
0220256.
13. Dunselman GA, Vermeulen N, Becker C, Calhaz-Jorge C, D'Hooghe T, De Bie
B, et al. ESHRE guideline: management of women with endometriosis. Hum
Reprod (Oxford, England). 2014;29(3):400–12.
14. Maheux-Lacroix S, Nesbitt-Hawes E, Deans R, Won H, Budden A, Adamson
D, et al. Endometriosis fertility index predicts live births following surgical
resection of moderate and severe endometriosis. Hum Reprod (Oxford,
England). 2017;32(11):2243–9.
15. Benksim A, Elkhoudri N, Addi RA, Baali A, Cherkaoui M. Difference
between primary and secondary infertility in Morocco: frequencies and
associated factors. Int J Fertil Steril. 2018;12(2):142–6. https://doi.org/1
0.22074/ijfs.2018.5188.

Page 8 of 9

16. Lazzeri L, Di Giovanni A, Exacoustos C, Tosti C, Pinzauti S, Malzoni M, et al.
Preoperative and postoperative clinical and Transvaginal ultrasound findings
of Adenomyosis in patients with deep infiltrating endometriosis. Reprod Sci.
2014;21(8):1027–33. https://doi.org/10.1177/1933719114522520.
17. Van den Bosch T, Dueholm M, Leone FP, Valentin L, Rasmussen CK, Votino
A, et al. Terms, definitions and measurements to describe sonographic
features of myometrium and uterine masses: a consensus opinion from the
morphological uterus Sonographic assessment (MUSA) group. Ultrasound
Obstetrics Gynecol. 2015;46(3):284–98. https://doi.org/10.1002/uog.14806.
18. Koninckx PR, Martin D. Treatment of deeply infiltrating endometriosis. Curr
Opin Obstet Gynecol. 1994;6(3):231–41. https://doi.org/10.1097/00001703-1
99406000-00006.
19. Adamson GD, Pasta DJJF. Endometriosis fertility index: the new, validated
endometriosis staging system. Sterility. 2010;94(5):1609–15.
20. Tan J, Moriarty S, Taskin O, Allaire C, Williams C, Yong P, et al. Reproductive
outcomes after fertility-sparing surgery for focal and diffuse Adenomyosis: a
systematic review. J Minim Invasive Gynecol. 2018;25(4):608–21. https://doi.
org/10.1016/j.jmig.2017.12.020.
21. Vercellini P, Consonni D, Barbara G, Buggio L, Frattaruolo MP, Somigliana E.
Adenomyosis and reproductive performance after surgery for rectovaginal and
colorectal endometriosis: a systematic review and meta-analysis. Reprod
BioMed Online. 2014;28(6):704–13. https://doi.org/10.1016/j.rbmo.2014.02.006.
22. Scala C, Maggiore ULR, Racca A, Barra F, Vellone VG, Venturini PL, et al.
Influence of adenomyosis on pregnancy and perinatal outcomes in women
with endometriosis. Ultrasound Obstet Gynecol. 2018;52(5):666–71. https://
doi.org/10.1002/uog.18989.
23. Mijatovic V, Florijn E, Halim N, Schats R, Hompes P. Adenomyosis has
no adverse effects on IVF/ICSI outcomes in women with endometriosis
treated with long-term pituitary down-regulation before IVF/ICSI. Eur J
Obstet Gynecol Reprod Biol. 2010;151(1):62–5. https://doi.org/10.1016/j.
ejogrb.2010.02.047.
24. Maignien C, Santulli P, Gayet V, Lafay-Pillet MC, Korb D, Bourdon M, et al.
Prognostic factors for assisted reproductive technology in women with
endometriosis-related infertility. Am J Obstet Gynecol. 2017;216(3):280.e1280.e9. https://doi.org/10.1016/j.ajog.2016.11.1042.
25. Vander Borght M, Wyns C. Fertility and infertility: definition and
epidemiology. Clin Biochem. 2018;62:2–10. https://doi.org/10.1016/j.
clinbiochem.2018.03.012.
26. Shah DK, Correia KF, Vitonis AF, Missmer SA. Body size and endometriosis:
results from 20 years of follow-up within the Nurses' Health Study II
prospective cohort. Hum Reprod (Oxford, England). 2013;28(7):1783–92.
https://doi.org/10.1093/humrep/det120.
27. Moini A, Malekzadeh F, Amirchaghmaghi E, Kashfi F, Akhoond MR, Saei M, et al.
Risk factors associated with endometriosis among infertile Iranian women. Arch
Med Sci. 2013;9(3):506–14. https://doi.org/10.5114/aoms.2013.35420.
28. Shi J, Leng J, Cui Q, Lang J. Follicle loss after laparoscopic treatment of
ovarian endometriotic cysts. Int J Gynaecol Obstetrics. 2011;115(3):277–81.
https://doi.org/10.1016/j.ijgo.2011.07.026.
29. Shi JH, Leng JH, Li MH, Jia SZ, Lang JH. Influence of laparoscopic cystectomy
on ovarian reserve function and Pregnantic outcome in women with ovarian
Endometriotic cyst. Med J Peking Union Med Coll Hosp. 2011;002(2):20–4.
30. Vercellini P, Parazzini F, Pietropaolo G, Cipriani S, Frattaruolo MP, Fedele L.
Pregnancy outcome in women with peritoneal, ovarian and rectovaginal
endometriosis: a retrospective cohort study. BJOG. 2012;119(12):1538–43.
https://doi.org/10.1111/j.1471-0528.2012.03466.x.
31. Senapati S, Sammel MD, Morse C, Barnhart KT. Impact of endometriosis on
in vitro fertilization outcomes: an evaluation of the Society for Assisted
Reproductive Technologies Database. Fertil Steril. 2016;106(1):164–71 e161.
32. Vercellini P, Consonni D, Dridi D, Bracco B, Frattaruolo MP, Somigliana E.
Uterine adenomyosis and in vitro fertilization outcome: a systematic review
and meta-analysis. Hum Reprod. 2014;29(5):964-77. https://doi.org/10.1093/
humrep/deu041.
33. Horton J, Sterrenburg M, Lane S, Maheshwari A, Li T, Cheong Y. Reproductive,
obstetric, and perinatal outcomes of women with adenomyosis and
endometriosis: a systematic review and meta-analysis. Hum Reprod Update.
2019;25(5):592–632. https://doi.org/10.1093/humupd/dmz012.
34. Vigano P, Corti L, Berlanda N. Beyond infertility: obstetrical and postpartum
complications associated with endometriosis and adenomyosis. Fertil Steril.
2015;104(4):802–12. https://doi.org/10.1016/j.fertnstert.2015.08.030.
35. Leone Roberti Maggiore U, Ferrero S, Mangili G, Bergamini A, Inversetti A,
Giorgione V, et al. A systematic review on endometriosis during pregnancy:

Shi et al. BMC Pregnancy and Childbirth

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

(2021) 21:383

diagnosis, misdiagnosis, complications and outcomes. Hum Reprod Update.
2016;22(1):70–103. https://doi.org/10.1093/humupd/dmv045.
Benaglia L, Candotti G, Papaleo E, Pagliardini L, Leonardi M, Reschini M,
et al. Pregnancy outcome in women with endometriosis achieving
pregnancy with IVF. Hum Reprod (Oxford, England). 2016;31(12):2730–6.
Tamura H, Kishi H, Kitade M, Asai-Sato M, Tanaka A, Murakami T, et al.
Complications and outcomes of pregnant women with adenomyosis in
Japan. Reprod Med Biol. 2017;16(4):330–6. https://doi.org/10.1002/
rmb2.12050.
Fujii T, Wada-Hiraike O, Nagamatsu T, Harada M, Hirata T, Koga K, et al.
Assisted reproductive technology pregnancy complications are significantly
associated with endometriosis severity before conception: a retrospective
cohort study. Reprod Biol Endocrinol. 2016;14(1):73. https://doi.org/10.1186/
s12958-016-0209-2.
Kim Y-M, Kim S, Kim J-H, Sung J-H, Choi S-J, Oh S-y, et al. Uterine wall
thickness at the second trimester can predict subsequent preterm delivery
in pregnancies with adenomyosis. Taiwanese J Obstetrics Gynecol. 2019;
58(5):598–603. https://doi.org/10.1016/j.tjog.2019.07.004.
Vannuccini S, Clifton VL, Fraser IS, Taylor HS, Critchley H, Giudice LC, et al.
Infertility and reproductive disorders: impact of hormonal and inflammatory
mechanisms on pregnancy outcome. Hum Reprod Update. 2016;22(1):104–
15. https://doi.org/10.1093/humupd/dmv044.
Lessey BA, Young SL. Homeostasis imbalance in the endometrium of women
with implantation defects: the role of estrogen and progesterone. Semin
Reprod Med. 2014;32(5):365–75. https://doi.org/10.1055/s-0034-1376355.
Aguilar HN, Mitchell BF. Physiological pathways and molecular mechanisms
regulating uterine contractility. Hum Reprod Update. 2010;16(6):725–44.
https://doi.org/10.1093/humupd/dmq016.
Hashimoto A, Iriyama T, Sayama S, Tsuruga T, Kumasawa K, Nagamatsu T,
et al. Impact of endometriosis and adenomyosis on pregnancy outcomes.
Hypertension Res Pregnancy. 2019;7(2):50–5. https://doi.org/10.14390/jsshp.
HRP2019-015.
Osada H. Uterine adenomyosis and adenomyoma: the surgical approach.
Fertil Steril. 2018;109(3):406-17. https://doi.org/10.1016/j.fertnstert.2018.01.
032.
Graziano A, Lo Monte G, Piva I, Caserta D, Karner M, Engl B, et al. Diagnostic
findings in adenomyosis: a pictorial review on the major concerns. Eur Rev
Med Pharmacol Sci. 2015;19(7):1146–54.
Tellum T, Nygaard S, Lieng M. Noninvasive Diagnosis of Adenomyosis: A
Structured Review and Meta-analysis of Diagnostic Accuracy in Imaging. J
Minim Invasive Gynecol. 2020;27(2):408-18.e3. https://doi.org/10.1016/j.jmig.2
019.11.001.
Champaneria R, Abedin P, Daniels J, Balogun M, Khan KS. Ultrasound scan
and magnetic resonance imaging for the diagnosis of adenomyosis:
systematic review comparing test accuracy. Acta Obstet Gynecol Scand.
2010;89(11):1374–84. https://doi.org/10.3109/00016349.2010.512061.
Van den Bosch T, Van Schoubroeck D. Ultrasound diagnosis of
endometriosis and adenomyosis: state of the art. Best Pract Res Clin Obstet
Gynaecol. 2018;51:16–24. https://doi.org/10.1016/j.bpobgyn.2018.01.013.
Younes G, Tulandi T. Effects of adenomyosis on in vitro fertilization
treatment outcomes: a meta-analysis. Fertil Steril. 2017;108(3):483–90.e3.
https://doi.org/10.1016/j.fertnstert.2017.06.025.
Bianchi PHM, Pereira RMA, Zanatta A, Alegretti JR, Motta ELA, Serafini PC.
Extensive excision of deep infiltrative endometriosis before in vitro
fertilization significantly improves pregnancy rates. J Minim Invasive
Gynecol. 2009;16(2):174–80. https://doi.org/10.1016/j.jmig.2008.12.009.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

