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Abstract: Although many studies show that patients with diffuse adenomyosis who underwent
fertility-sparing surgery can have a successful pregnancy, their pregnancy outcomes are still contro-
versial. The objective of this study was to determine long-term pregnancy outcomes and possible
influencing factors after double-flap adenomyomectomy for patients with diffuse adenomyosis. A
total of 137 patients with diffuse adenomyosis who underwent double-flap adenomyomectomy
between January 2011 and December 2019 were studied, and correlations between pregnancy out-
comes and clinical data, including age and junctional zone measured by magnetic resonance imaging
(JZmax-a), were analyzed. The results show that 56 patients (40.9%, 56/137) had 62 pregnancies,
including 35 natural pregnancies and 27 assisted reproduction pregnancies, after operation. A uni-
variate regression analysis showed that the pregnancy outcomes were related to age at surgery, visual
analog scale (VAS) score of preoperative dysmenorrhea, parity experience, length of infertility, and
check for postoperative JZnax-a. A multivariate regression analysis showed that age at surgery, VAS score of
updates preoperative dysmenorrhea, and postoperative JZy,,4-4 Were the independent indicators correlated
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with pregnancy outcomes. A receiver operating characteristic curve analysis showed that postop-
erative JZax-A Was the most valuable indicator for predicting pregnancy outcomes. Cumulative
pregnancy rates during the first 3 years were 70.1% and 20.9% in the postoperative JZ -4 < 8.5 mm

Patients with Diffuse Adenomyosis

after Double-Flap and the postoperative JZ,,«.4 > 8.5 mm groups, respectively. In conclusion, double-flap adenomy-
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Publisher’s Note: MDPI stays neutral Adenomyosis is a frequent benign gynecological disorder characterized by heterotopic
with regard to jurisdictional claimsin ~ endometrial glands and stroma that invade the myometrium. Adenomyosis in infertile
published maps and institutional affil- ~ women has increased in recent years owing to the prevalence of high-resolution ultrasound
iations. and magnetic resonance imaging (MRI), as well as the increasing age of women seeking
fertility treatment [1,2]. Although the impact of adenomyosis on pregnancy outcomes

is controversial, the accessible evidence increasingly [3,4] shows that adenomyosis has a
- detrimental effect on fertility. At present, the beneficial effect of the surgical treatment of
adenomyosis on fertility is still disputable. Dueholm et al. [5] included a sub-analysis of
reproductive outcomes after fertility-sparing surgery among 338 women with adenomyosis,
and they noted markedly higher pregnancy and live birth rates in patients who underwent
surgery. However, two articles, which compared the spontaneous pregnancy rate in the
3 years after treatment with gonadotropin releasing hormone agonist (GnRH-a) alone and
with fertility-sparing surgery, found that surgery is associated with an obviously increased
pregnancy rate [6,7]. A high-intensity focused ultrasound (HIFU) as a noninvasive treatment
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could improve the pregnancy outcomes of patients with adenomyosis. Among 93 patients
with adenomyosis and infertility [8], patients treated with the HIFU showed a considerably
higher pregnancy rate (52%) than those who underwent laparoscopic excision surgery
(30.2%). However, diffused lesions in patients with diffuse adenomyosis require larger
ablation areas, leading to more severe burning of the uterine endometrium and a reduced
non-perfused volume. For these reasons, they might have lower pregnancy rates after the
HIFU treatment [9]. Besides, the radiofrequency ablation of adenomyotic lesions is another
promising fertility-preserving option for adenomyosis [10]. However, it has the potential risk
of collateral thermal damage to the nearby intestinal tract. Therefore, the recommendation
of this procedure for patients desiring fertility should be approached with caution.

Focal adenomyosis is often well circumscribed and confined to a limited part of the
uterus, and the complete excision of affected lesions is typically easier [11]. Diffuse ade-
nomyosis fares worse than focal adenomyosis on fertility owing to the presence of more
extensive lesions, which may compromise uterine function and integrity during preg-
nancy [8]. However, there are limited studies on pregnancy after the surgical treatment of
diffuse adenomyosis. In the few available studies [6,12], among the variety of treatment
options for improving the reproductive outcomes of women with diffuse adenomyosis,
fertility-sparing surgery has shown varying success (range: 9.4-100%). Several studies
reported that age, type of adenomyosis, postoperative GnRHa application, and surgical
methods may affect fertility outcomes following uterus-sparing surgery for uterine ade-
nomyosis [13,14]. However, there is still a lack of consensus on the determining factors of
successful pregnancy after conservative surgery for diffuse adenomyosis.

Double-flap adenomyomectomy [15,16] has been used to treat diffuse adenomyosis for
over 10 years. Among these cases, a sizable group desired pregnancy after surgery. This
study aimed to evaluate the reproductive outcomes of patients with diffuse adenomyosis
after a double-flap adenomyomectomy and incorporate possible influencing factors into the
analysis of fertility outcomes.

2. Materials and Methods
2.1. Patients

In this retrospective cross-sectional study, we recruited patients diagnosed with adeno-
myosis who underwent uterus-sparing surgery through a double-flap adenomyomectomy from
January 2011 to December 2019. Data, including age, body mass index (BMI), visual analogue
scale (VAS) score of dysmenorrhea, symptoms, pregnancy history, and other hospital records,
were thoroughly obtained. We followed up with all the patients to collect fertility information
either face-to-face or via telephone interviews following surgery. The junctional zone (JZ) was
measured by MRI before and after surgery. The JZ is predominantly only visible in the isthmic
part of diffuse adenomyosis, and the other parts are replaced by adenomyosis lesions. For this
reason, we introduced the term “JZ,x-4” [17] instead of using JZ, as shown in Figure 1.

2.2. Management Strategy after Adenomyomectomy

The management strategy following fertility-sparing surgery was as follows. First,
3-6 courses of gonadotropin releasing hormone agonist (GnRHa) therapy were given to
inhibit the growth of residual lesions after surgery. Then, after the GnRHa treatment was
over and the first menstruation was restored, an MRI was performed to determine the
integrity of the muscle layer, identify whether a hematoma formed at the surgical site,
and measure the JZn,4-a. As the endometrium was opened in double-flap adenomyomec-
tomy secondary to intrauterine adhesions, we performed hysteroscopies to treat possible
intrauterine adhesion and observe the intrauterine fallopian tube opening. The surgical
procedure required a full-thickness cut of the uterus. A scarred uterus may rupture during
pregnancy. Therefore, we recommended that patients prepare for pregnancy at least 1 year
after surgery. A cesarean section was recommended as the delivery mode. For the women
who became pregnant, clinical pregnancy was only taken into account when the gestational
sac was confirmed by an ultrasound examination as part of the study.
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Figure 1. In diffuse adenomyosis, the JZ is irregular or only visible in the isthmus of the uterus, and the
other parts are replaced by adenomyotic lesions. Therefore, we introduced the term “JZ,,4-4” instead of
using JZ. All low-intensity signal areas representing diffuse circumscribed adenomyosis attached to the
JZ are included in JZ ,x-a. (A) Preoperative JZ x4, (B) postoperative JZy,x-a, JZ = junctional zone.

2.3. Statistical Analysis

A data analysis was undertaken using Graph Pad Prism version 6.00 (Windows, Graph-
Pad software, San Diego, CA, USA). The statistical analysis was based on a Student’s ¢-test
or ANOVA. ANCOVA was utilized to adjust to the baseline assessment, and a multivariate
logistic regression was provided to assess potential confounding factors. A receiver operat-
ing characteristic (ROC) curve was plotted to determine the value of pregnancy prediction,
and a Kaplan-Meier (K-M) analysis was used to assess the cumulative pregnancy rate
(CPR). p < 0.05 was considered significant in all analyses.

3. Results
3.1. Comparison of Baseline Characteristics between Pregnant and Non-Pregnant Patients

A flow diagram showing the number of women with diffuse adenomyosis, an indica-
tion of surgery, and fertility outcomes is set out in Figure 2.

Among the 196 cases who underwent fertility-sparing surgery for diffuse adenomyosis,
59 (30.1%) cases were lost to follow-up or gave up pregnancy after surgery and thus were
excluded from the analysis. Among the 137 (69.9%) patients who were finally included,
56 (40.9%) became pregnant, and 81 (59.1%) were non-pregnant. A comparison of the
baseline characteristics of the two groups is detailed in Table 1. Remarkable differences
in age at surgery, VAS score of preoperative dysmenorrhea, length of infertility, parity
experience, and postoperative JZ,,«.o wWere found between the pregnant and non-pregnant
women. The two groups were similar in BMI, previous medical history (uterine surgery,
pelvic surgery, miscarriage, infertility, gravidity experience, and preoperative medication),
coexistence with myoma or endometriosis, preoperative JZ,x-a, and length of the corpus
uteri. The incidence of adhesions was 2.3% (3/137), and both fallopian tube openings in
each patient were observed by hysteroscopy.

3.2. Reproductive Outcomes after Fertility-Sparing Surgery

The indications for surgery were infertility and severe dysmenorrhea. Among the
patients, 49 (35.8%) attempted spontaneous pregnancy, 40 patients underwent assisted
reproductive technology (ART) after failed spontaneous pregnancy, and 48 chose ART
directly. A total of 62 pregnancies were successfully registered by 56 women, among
which 35 (56.5%) were spontaneous pregnancies, six (9.7%) patients underwent ART after
a failed spontaneous pregnancy, and 21 (33.9%) underwent ART directly. Among the
114 patients diagnosed with infertility before surgery, 47 (41.2%) cases successfully became
pregnant after surgery. The pregnancy outcomes were miscarriage (14, 22.6%), ongoing



J. Clin. Med. 2022, 11, 3489

40f 10

pregnancy during follow-up (three, 4.8%), and live births (45, 72.6%). Among the 45 live
births, 39 (86.7%) were full-term births, and the remaining six (13.3%) were immature
births, including two pairs of twins. Moreover, 61 births were delivered by cesarean section,
and only one was delivered by vaginal approach. Among the 137 cases in this study, the
recurrence rate within 3 years was zero, and only seven (5.1%) of the cases had a recurrence.
None of the seven had a successful pregnancy.

Remarkable differences in preoperative ART failure, preoperative parity experience, and
miscarriage after surgery were found between women aged <35 years and those aged >35 years
at surgery (Table 2). The two groups were similar in BMI, preoperative pregnancy outcomes
(miscarriage, infertility, and gravidity), and postoperative pregnancy outcomes (natural concep-
tion, ART conception, and term live birth). No considerable differences in pregnancy outcomes
were found between natural conception and ART conception after surgery.

Patients underwent Patients excluded from the study (n=59, 30.1%)

surgery —®| 1) Lostto follow-up (n=35)
(n=196) 2) Gave up birth after surgery (n=24)
l 1. Main reason for surgery
1) Infertility with failed ART (n=38, 27.7%)

2) Infertility without ART (n=76, 55.5%)
3) Pain (n=23, 16.8%)

Women desiring
fertility >
(n=137)

l 2. The way try to conceive

1) Spontaneous pregnency (n=49,35.8%)
2) ART following the failed spontaneous
pregnancy (n=40, 29.2%)

l

pregnancies
(n=62)

Figure 2. Flow diagram of the clinical data of women who underwent double-flap adenomyomectomy.

The total number of ——9»

Results .

3) ART directly (n=48, 35.0%
1) Pregnant women ) irectly (n=48, )
(n=56) ] ] -
P — 1. The way to get pregnancy successfuolly
T 1) Spontaneous pregnency (n=35, 56.5%)
(n=81) 2) ART following the failed spontaneous

pregnancy (n=6, 9.7%)
3) ART directly (n=21, 33.9%)

2. Reproductive outcomes

1) Miscarriage (n=14, 22.6%)

2) In gestation period (n=3, 4.8%)
3) Live birth (n=45, 72.6%)

Table 1. Comparison of baseline characteristics between pregnant and non-pregnant patients (1 = 137).

Variables T peseesh e o
Age at surgery, years 34 (25, 42) 37 (27, 45) 0.007 2.94~5.54
BMI, kg/m? 22.75(18.10,24.50)  23.10 (18.50, 25.50) 0.658 0.24~0.76
R;Z"SP:;;;‘)’E dysmenorrhea 5.60 + 2.44 7.89 + 1.45 0.021 1.53~2.85
Previous history
Uterine surgery 7/56 (12.5%) 16/81 (19.8%) 0.264 0.22~1.52
Pelvic surgery 7/56 (12.5%) 14/81 (17.3%) 0.445 0.26~1.82
Miscarriage 29/56 (76.8%) 49/81 (87.7%) 0.312 0.23~0.99
Infertility 43/56 (76.8%) 71/81 (87.7%) 0.094 0.19~1.15
Length of infertility, years 5.05 £ 1.96 592 +£2.51 0.031 0.15~2.13
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Variables e Paeseem e 0
Gravidity 43/56 (76.8%) 55/81 (67.9%) 0.257 0.72~3.40
Parity 19/56 (33.9%) 13/81 (16.0%) 0.015 1.19~6.05
Medication 9/56 (30.4%) 15/81 (28.4%) 0.711 0.34~2.09
ART failure 17/56 (30.4%) 23/81 (28.4%) 0.854 0.52~2.32
Coexist with myoma 3/56 (5.4%) 11/81 (13.6%) 0.118 0.10~1.37
Coexist with endometriosis 24/56 (42.9%) 34/81 (42.0%) 0.918 0.52~2.07
The JZ nax-A,mm
Preoperative 44.36 £+ 1.06 46.22 £+ 0.89 0.911 —0.86~4.62
Postoperative 814+ 191 1123 £2.34 0.039 2.26~3.72
Corrected postoperative 7.23 +£0.29 10.23 +0.24 0.001 1.76~6.54
Length of corpus uteri,cm
Preoperative 9.16 £ 891 8.91 £ 0.12 0.086 —0.67~0.16
Postoperative 6.13+0.13 6.39 +0.11 0.783 —0.08~0.60
Corrected postoperative 6.04 + 0.09 6.45 £ 0.07 0.118 0.31~0.65

CI: confidence interval.

Table 2. Comparison of pregnancy outcomes between women aged <35 and aged >35 years (1 = 56).

Variables Agec(1n<=3355\){ears Age(zn2=3251;{ears \;laﬁ(:e 95%CI
BMI, kg/m? 23.00 (19.60, 24.50)  22.10 (18.10, 25.50) 0.184 —1.30~0.25
Preoperative pregnancy outcomes
ART failure 5/35 (14.3%) 12/21 (57.1%) 0.001 0.04~0.45
Miscarriage 20/35 (57.1%) 9/21 (42.9%) 0.300 0.60~5.31
Infertility 27/35 (77.1%) 16/21 (76.2%) 0.935 0.29~3.78
Gravidity experience 26/35 (74.3%) 17/21 (81.0%) 0.567 0.18~2.56
Parity experience 14/35 (40.0%) 5/21 (23.8%) 0.027 0.64~7.16
Postoperative pregnancy outcomes
Natural conception 22/38 (57.9%) 13/24 (54.2%) 0.773 0.42~3.26
ART conception 16/38 (42.1%) 11/24 (45.8%) 0.773 0.31~2.41
Miscarriage 5/38 (13.2%) 9/24 (37.5%) 0.026 0.07~0.88
In gestation period 1/38 (2.6%) 2/24 (8.3%) 0.308 0.03~—3.47
Live birth
Preterm 2/38 (5.3%) 0
Term 30/38 (78.9%) 13/24 (54.2%) 0.100 1.04~9.72
Gestational age 3799 £0.13 38.11 £ 0.11 0.575 —0.32~0.57

3.3. Possible Indicators for Predicting Pregnancy after Surgery

A multivariate analysis was performed to exclude the influence of the confounding
factors set out in Table 3.

The multivariate regression analysis showed that age at surgery, VAS score of pre-
operative dysmenorrhea, and postoperative JZ,ax.o Were the independent factors that
affected postoperative pregnancy outcomes. According to the ROC analysis of the three
indicators (Figure 3), postoperative JZ -4 Was associated with the highest area under the
curve (AUC); therefore, it might be the most valuable indicator for predicting pregnancy
outcomes after surgery. A further analysis showed that the best cut-off point of the postop-
erative JZmy,x-A score was 8.5 mm (sensitivity: 76.4%, specificity: 75.3%), and the Youden
index was 0.517 (Youden index = sensitivity + specificity — 1). We classified these cases into
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two groups according to the best cut-off point: the postoperative JZ -4 < 8.5 mm group
and the postoperative JZnax-a > 8.5 mm group. According to the K—M analysis, CPR was
significantly higher in the postoperative JZn,x-4 < 8.5 mm group than that in the postoper-
ative JZmax-ao >8.5 mm group (Log-rank Mantel —Cox test, x> = 38.14, 95% CI = 3.27-9.86,
p = 0.001). The CPRs at 24 and 36 months after surgery were 46.6% and 70.1%, respectively,
and rose to 79.9% after 60 months. However, the CPRs in the first 2 and 3 years after surgery
in the postoperative JZ a4 > 8.5 mm group were 11.5% and 20.9%, respectively, and did
not increase in subsequent years.

Table 3. Multivariate analysis of cofounding factors for postoperative pregnancy.

Variables B Exp(B) 95%CI p
Age of surgery —0.082 0.921 0.809~1.049  0.014
Preoperative dysmenorrhea (VAS score) —0.672 0.511 0.473~0.697  0.001
Preoperative parity 0.485 1.623 0.515~5.121  0.408
Length of infertility —0.177 0.838 0.674~1.042  0.112
Postoperative JZnax-A —0.608 0.545 0.424~0.701  0.001

B. VAS score of preoperative dysmenorrhea

Sensitivity
Sensitivity

g - —— 2795%CI:0.7113 - 0.864 g E —— 395% Cl: 0.6858 - 0.852

T T T T T T T T T T T T
0.0 02 04 06 08 1.0 0.0 02 0.4 0.6 LX) 1.0

1 - Specificity 1 - Specificity

C. Postoperative JZpay.a D. Postoperative JZ,,,,.» estimates pregnancy

1.0

100+ - JzZ85mm
- JZ>8.5mm

08

Sensitivity
06
I

0.4

Cumulative pregnancy rate (%)

T T T T T T
0 12 24 36 48 60 72

Months since surgery

02
I

. —— 795% CI: 0.7687 - 0.9009

T T T T T T
0.0 02 04 06 08 1.0

1 - Spacificity

0.0

Figure 3. (A-C) ROC analysis for pregnancy prediction: (A) AUC of age at surgery = 0.791, p = 0.001;
(B) AUC of the VAS score of preoperative dysmenorrhea = 0.773, p = 0.015; (C) AUC of postop-
erative JZa.a = 0.836, p = 0.001; (D) Postoperative JZy,x-4 estimation of pregnancy. The K-M
analysis showed significantly differences between the postoperative JZox-a < 8.5 mm group and
the postoperative JZnx-a > 8.5 mm group (Log-rank Mantel-Cox test, x2 = 38.14, 95% CI = 3.27-9.86,
p =0.001).
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4. Discussion

In this study, we found that fertility performance improved with a higher clinical
pregnancy rate and a lower miscarriage rate after adenomyomectomy for patients with
diffuse adenomyosis. Age at surgery, VAS score of preoperative dysmenorrhea, and postop-
erative JZax-a Were strong risk factors for fertility outcomes. Among them, postoperative
JZ nax-a = 8.5 mm can be used as an important cutoff value to predict CPR.

Counseling in relation to the surgical approach, including the potential benefits and
harms of diffuse adenomyosis on reproductive outcomes, should be tailored and indi-
vidualized [18]. Therefore, we carefully recommended double-flap adenomyomectomy
only for patients with diffuse adenomyosis who had a strong desire to preserve fertility.
These patients might have suffered from infertility, severe pain, failure of non-surgical
treatments, and even ART. The challenge of fertility-sparing surgery is to distinguish the
affected lesions from the normal myometrium according to the characteristics of diffuse
adenomyosis [19]. As a result, difficulties faced in double-flap adenomyomectomy include
the removal of as many lesions as possible and the retention of enough muscle layers to
restore the optimal function of the uterine wall. Consequently, the risk of a uterine rupture
increases in pregnancy, which seems to be around 6% as reported [3,20]. Fortunately, no
patient had suffered a uterine rupture among the 62 pregnancies in this study.

The surgical removal of adenomyosis lesions can reduce the deleterious effects of the
disease on fertility. Saremi et al. [21] reported a pregnancy rate of 30% among 70 patients
desiring pregnancy after abdominal adenomyomectomy, and 16 (76.2%) patients obtained
full-term live births. Another systematic review [22] revealed a mean pregnancy rate of
34.1% in patients with diffuse adenomyosis after fertility-sparing surgery. Among the
137 patients in our study, the pregnancy and full-term live birth rates were 40.9% and
86.7%, respectively, excluding those who were in gestation peroid. Moreover, fertility-
sparing surgery has been proven effective for probable adenomyosis-related infertility [5].
Indeed, among the 114 patients with infertility in this study, 47 (41.2%) patients successfully
achieved pregnancy. It should be noted that we do not intend to state that our results are
superior to other published reports, because our reports were not adjusted to the same
protocols owing to differences in data among various studies.

Adenomyosis is closely related to miscarriage [23]. A study reported that the incidence
of adenomyosis in 68 patients with miscarriages was 38.2% on ultrasound examination [24].
Consistent with the above studies, our patients experienced a miscarriage rate as high
as 56.9% before surgery. However, the postoperative miscarriage rate dropped to 22.6%
among these patients. Hence, we believed that an improvement in miscarriage rates was
brought about by double-flap adenomyomectomy after surgery. For these reasons, we
highlight that management related to double-flap adenomyomectomy could improve the
fertility of women with diffuse adenomyosis. Besides, among the six immature births, four
newborns comprised two pairs of twins. Therefore, we suggest that singleton pregnancy
might be more suitable to reduce the risk of preterm birth after surgery.

The literature on factors influencing successful postoperative pregnancy is scarce.
According to the available data, younger patients with diffuse adenomyosis are more likely
to benefit from surgery and succeed in pregnancy. Given that the average age at surgery
of non-pregnant patients (37.46 £ 3.81 years) was older than that in pregnant patients
(33.21 £ 3.72 years) in this study, the most likely reason might be the decrease in the number
and quality of oocytes with advancing maternal age [25-27]. These findings demonstrate the
strong negative influence of age on fertility outcomes, which might imply that double-flap
adenomyomectomy cannot compensate for the age-related decline in fertility. Therefore,
we propose that young patients who wish to preserve fertility should seize the opportunity
in this regard. Moreover, according to the univariate regression analysis, a higher VAS
score of preoperative dysmenorrhea, longer time of infertility, and thicker postoperative
JZmax-a wWere observed in non-pregnant women. This finding might suggest that adverse
pregnancy events were likely to be higher among patients with diffuse adenomyosis
owing to the presence of more extensive lesions, which may compromise uterine function
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and integrity during pregnancy. Moreover, the preoperative delivery experience may
be a potential protective factor for pregnancy after surgery, because more parity was
observed in the pregnant group. However, the multivariate regression analysis showed
that only age at surgery, VAS score of preoperative dysmenorrhea, and postoperative
JZ max-a were the independent indicators that were correlated with pregnancy outcome.
According to the ROC analysis, postoperative JZyax-o, which had the highest AUC, was
considered a very promising indicator for predicting pregnancy outcome after surgery.
Furthermore, we developed a prediction model of CPR by K-M analysis. For patients with
postoperative JZnax-a < 8.5 mm, the CPR reached 70.1% in the first 3 years and rose to
79.9% in the first 5 years. These findings indicated that the optimal time for pregnancy
could last 3 years after surgery, but the chance to attain a successful pregnancy was very
slim after this period. Nonetheless, for patients with postoperative JZax-o > 8.5 mm, only
20.9% of the pregnancies occurred in the first 3 years and no patient became pregnant in
subsequent years. Thus, these results seemed to be very crucial for clinicians to provide
recommendations to predict pregnancy after double-flap adenomyomectomy:.

The advantages of this study include the use of univariate and multivariate analysis
to identify possible factors affecting postoperative pregnancy. Based on the ROC analysis,
we determined postoperative JZy,x-4 as the most valuable indicator for predicting preg-
nancy. Finally, a CPR prediction model was constructed using a K-M analysis to provide
recommendations for clinical fertility counseling.

However, our study also has several limitations. First, it is a retrospective study, and
all the included patients were highly selected. Second, the absence of standardized surgical
techniques and differences in surgeons’ skills and experience further contributed to hetero-
geneity in reproductive outcomes. Lastly, ovarian reserve is also a very important factor for
pregnancy. However, this study failed to assess the impact of surgery on ovarian function.

5. Conclusions

The principal strength of this study is that double-flap adenomyomectomy could
remarkably improve pregnancy for patients with diffuse adenomyosis. Younger age at
surgery, lower VAS score of preoperative dysmenorrhea, and thinner postoperative JZmax-a
were closely related to postoperative pregnancy. The CPR during the first 3 years was as
high as 70.1%when the postoperative ]Znax-o was <8.5 mm. We believe that these findings
may have direct implications for clinical practice when designing individualized fertility
treatments, such as the timing of fertility treatments and the possibility of a successful
pregnancy. Moreover, the CPR model constructed to predict pregnancy could provide a
novel insight into fertility counseling after fertility-sparing surgery.

Author Contributions: Concept and design, Y.Z. and X.Z.; data acquisition and analysis of data,
YW, Z.C. and L.S,; investigation, Y.Z., YW. and M.Y,; project administration, Y.Z., Z.C. and X.Z,;
writing—original draft, Y.Z.; writing—review & editing, Y.Z., L.S., M.Y. and X.Z.; supervision, X.Z.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Natural Science foundation of China (82101723,
82171636 and 81974225), the Natural Science Foundation of Zhejiang Province (LQ19H040012 and
LGF20H040010), the Department of Education of Zhejiang Province (Y202045691), and Zhejiang
Province Key R&D Program (2021C03095).

Institutional Review Board Statement: This study was approved (IRB-20210011-R) by the Ethics
Review Board of Women’s Hospital Zhejiang University School of Medicine.

Informed Consent Statement: Written informed consent was obtained from the patients to publish
this paper.

Data Availability Statement: The data underlying this article cannot be shared publicly to protect
privacy of the individuals that participated in the study. Data will be shared upon reasonable request
to the corresponding author.



J. Clin. Med. 2022, 11, 3489 90f 10

Acknowledgments: We are grateful for the informed consent given by surgeons Honglang Qian,
Ping Xu, Xiaoyong Li, Xiufeng Huang, Libo Zhu and Bingya Chen, whose patients were included in
the study.

Conflicts of Interest: All authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Devlieger, R.; D'Hooghe, T.; Timmerman, D. Uterine adenomyosis in the infertility clinic. Hum. Reprod. Update 2003, 9, 139-147.
[CrossRef] [PubMed]

Mikos, T.; Lioupis, M.; Anthoulakis, C.; Grimbizis, G.F. The Outcome of Fertility-Sparing and Nonfertility-Sparing Surgery for
the Treatment of Adenomyosis. A Systematic Review and Metaanalysis. J. Minim. Invasive Gynecol. 2020, 27, 309-331. [CrossRef]
[PubMed]

Liu, X.; Ding, D.; Ren, Y.; Guo, S.W. Transvaginal elastosonography as an imaging technique for diagnosing adenomyosis.
Reprod. Sci. 2018, 25, 498-514. [CrossRef]

Horton, ]J.; Sterrenburg, M.; Lane, S.; Maheshwari, A.; Li, T.C.; Cheong, Y. Reproductive, obstetric, and perinatal outcomes of
women with adenomyosis and endometriosis: A systematic review and meta- analysis. Hum. Reprod. Update 2019, 25, 592-632.
[CrossRef] [PubMed]

Dueholm, M. Uterine adenomyosis and infertility, review of reproductive outcome after in vitro fertilization and surgery.
Acta Obstet. Gynecol. Scand. 2017, 96, 715-726. [CrossRef]

Wang, PH.; Fu, J.L.; Chao, H.T,; Liu, WM.; Cheng, M.H.; Chao, K.C. Is the surgical approach beneficial to subfertile women with
symptomatic extensive adenomyosis? J. Obs. Gynaecol. Res. 2009, 35, 495-502. [CrossRef]

Jama, FE. Management of adenomyosis in subfertile women and pregnancy outcome. Oman Med. ]. 2011, 26, 178-181. [CrossRef]
Huang, Y.E; Deng, J.; Wei, X.L.; Sun, X.; Xue, M.; Zhu, X.G; Liang Deng, X. A comparison of reproductive outcomes of patients
with adenomyosis and infertility treated with High-Intensity focused ultrasound and laparoscopic excision. Int. . Hyperth. 2020,
37,301-307. [CrossRef]

Keserci, B.; Duc, N.M. Magnetic resonance imaging features influencing high-intensity focused ultrasound ablation of adeno-
myosis with a nonperfused volume ratio of 90% as a measure of clinical treatment success: Retrospective multivariate analysis.
Int. J. Hyperth. 2018, 35, 626-636. [CrossRef]

Hai, N.; Hou, Q.; Ding, X.; Dong, X.; Jin, M. Ultrasound-guided transcervical radiofrequency ablation for symptomatic uterine
adenomyosis. Br. J. Radiol. 2017, 90, 20160119. [CrossRef]

Rocha, T.P; Anders, M.P; Anders, M.P,; Abrao, M.S. Fertility-sparing treatment of adenomyosis in patients with infertility: A
systematic review of current options. Reprod. Sci. 2018, 25, 480-486. [CrossRef] [PubMed]

Osada, H.; Silber, S.; Kakinuma, T.; Nagaishi, M.; Kato, K.; Kato, O. Surgical procedure to conserve the uterus for future pregnancy
in patients suffering from massive adenomyosis. Reprod. Biomed. Online 2011, 22, 94-99. [CrossRef] [PubMed]

Kishi, Y.; Yabuta, M.; Taniguchi, F. Who will benefit from uterus-sparing surgery in adenomyosis-associated subfertility?
Fertil. Steril. 2014, 102, 802-807. [CrossRef] [PubMed]

Tan, J.; Moriarty, S.; Taskin, O.; Allaire, C.; Williams, C.; Yong, P.; Bedaiwy, M.A. Reproductive outcomes after fertility-sparing
surgery for focal and diffuse adenomyosis: A systematic review. J. Minim. Invasive Gynecol. 2018, 25, 608-621. [CrossRef]
Huang, X.; Huang, Q.; Chen, S.; Zhang, J.; Lin, K.; Zhang, X. Efficacy of laparoscopic adenomyomectomy using double-flap
method for diffuse uterine adenomyosis. BMC Womens Health 2015, 15, 24. [CrossRef]

Zhu, L.; Chen, S.; Che, X; Xu, P; Huang, X.; Zhang, X. Comparisons of the efficacy and recurrence of adenomyomectomy for
severe uterine diffuse adenomyosis via laparotomy versus laparoscopy: A long-term result in a single institution. J. Pain Res.
2019, 12, 1917-1924. [CrossRef]

Tellum, T.; Matic, G.V.; Dormagen, ].B.; Dormagen, J.B.; Nygaard, S.; Viktil, E.; Qvigstad, E.; Lieng, M. Diagnosing adenomyosis
with MRI: A prospective study revisiting the junctional zone thickness cutoff of 12 mm as a diagnostic marker. Eur. Radiol. 2019,
29, 6971-6981. [CrossRef]

Fujimoto, C.; Morimoto, Y.; Hosokawa, Y.; Hasegawa, A. Suturing method as a factor for uterine vascularity after laparoscopic
myomectomy. Eur. J. Obs. Gynecol. Reprod. Biol. 2017, 211, 146-149. [CrossRef]

Morimatsu, Y.; Matsubara, S.; Higashiyama, N.; Kuwata, T.; Ohkuchi, A.; Izumi, A.; Shibahara, H.; Suzuki, M. Uterine rupture
during pregnancy soon after a laparoscopic adenomyomectomy. Reprod. Med. Biol. 2007, 6, 175-177. [CrossRef]

Vercellini, P.; Consonni, D.; Dridi, D.; Bracco, B.; Frattaruolo, M.P.; Somigliana, E. Uterine adenomyosis and in vitro fertilization
outcome: A systematic review and meta-analysis. Hum. Reprod. 2014, 29, 964-977. [CrossRef]

Saremi, A.; Bahrami, H.; Salehian, P.; Hakak, N.; Pooladi, A. Treatment of adenomyomectomy in women with severe uterine
adenomyosis using a novel technique. Reprod. Biomed. Online 2014, 28, 753-760. [CrossRef] [PubMed]

Sharma, S.; Bathwal, S.; Agarwal, N.; Chattopadhyay, R.; Saha, I.; Chakravarty, B. Does presence of adenomyosis affect
reproductive outcome in IVF cycles? A retrospective analysis of 973 patients. Reprod. BioMed Online 2019, 38, 13-21. [CrossRef]
[PubMed]

Atabekoglu, C.S.; Stikiir, Y.E.; Kalafat, E.; Ozmen, B.; Berker, B.; Aytag, R.; Sonmezer, M. The association between adenomyosis
and recurrent miscarriage. Eur. J. Obs. Gynecol. Reprod. Biol. 2020, 250, 107-111. [CrossRef] [PubMed]


http://doi.org/10.1093/humupd/dmg010
http://www.ncbi.nlm.nih.gov/pubmed/12751776
http://doi.org/10.1016/j.jmig.2019.08.004
http://www.ncbi.nlm.nih.gov/pubmed/31398415
http://doi.org/10.1177/1933719117750752
http://doi.org/10.1093/humupd/dmz012
http://www.ncbi.nlm.nih.gov/pubmed/31318420
http://doi.org/10.1111/aogs.13158
http://doi.org/10.1111/j.1447-0756.2008.00951.x
http://doi.org/10.5001/omj.2011.43
http://doi.org/10.1080/02656736.2020.1742390
http://doi.org/10.1080/02656736.2018.1516301
http://doi.org/10.1259/bjr.20160119
http://doi.org/10.1177/1933719118756754
http://www.ncbi.nlm.nih.gov/pubmed/29402199
http://doi.org/10.1016/j.rbmo.2010.09.014
http://www.ncbi.nlm.nih.gov/pubmed/21118751
http://doi.org/10.1016/j.fertnstert.2014.05.028
http://www.ncbi.nlm.nih.gov/pubmed/24954774
http://doi.org/10.1016/j.jmig.2017.12.020
http://doi.org/10.1186/s12905-015-0182-5
http://doi.org/10.2147/JPR.S205561
http://doi.org/10.1007/s00330-019-06308-3
http://doi.org/10.1016/j.ejogrb.2017.02.027
http://doi.org/10.1111/j.1447-0578.2007.00182.x
http://doi.org/10.1093/humrep/deu041
http://doi.org/10.1016/j.rbmo.2014.02.008
http://www.ncbi.nlm.nih.gov/pubmed/24768558
http://doi.org/10.1016/j.rbmo.2018.09.014
http://www.ncbi.nlm.nih.gov/pubmed/30446308
http://doi.org/10.1016/j.ejogrb.2020.05.006
http://www.ncbi.nlm.nih.gov/pubmed/32428805

J. Clin. Med. 2022, 11, 3489 10 of 10

24.

25.

26.
27.

Puente, ].M.; Fabris, A.; Patel, J.; Patel, A.; Cerrillo, M.; Requena, A.; Garcia-Velasco, J.A. Adenomyosis in infertile women:
Prevalence and the role of 3D ultrasound as a marker of severity of the disease. Reprod. Biol. Endocrinol. 2016, 14, 60. [CrossRef]
Nybo Andersen, A.M.; Wohlfahrt, J.; Christens, P.; Olsen, J.; Melbye, M. Maternal age and fetal loss: Population based register
linkage study. BMJ 2000, 320, 1708-1712. [CrossRef]

Menken, J.; Trussell, J.; Larsen, U. Age and infertility. Science 1986, 233, 1389-1394. [CrossRef]

Dunson, D.B.; Colombo, B.; Baird, D.D. Changes with age in the level and duration of fertility in the menstrual cycle. Hum. Reprod.
2002, 17, 1399-1403. [CrossRef]


http://doi.org/10.1186/s12958-016-0185-6
http://doi.org/10.1136/bmj.320.7251.1708
http://doi.org/10.1126/science.3755843
http://doi.org/10.1093/humrep/17.5.1399

	Introduction 
	Materials and Methods 
	Patients 
	Management Strategy after Adenomyomectomy 
	Statistical Analysis 

	Results 
	Comparison of Baseline Characteristics between Pregnant and Non-Pregnant Patients 
	Reproductive Outcomes after Fertility-Sparing Surgery 
	Possible Indicators for Predicting Pregnancy after Surgery 

	Discussion 
	Conclusions 
	References

