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Purpose of investigation: To examine changes in anti-Müllerian hor-
mone (AMH) levels following laparoscopic ovarian endometriotic
cystectomy with abdominal wall liȻting. Materials and methods: This
prospective cohort study analyzed 32 patients with endometriomas
whounderwent laparoscopic surgery betweenOctober 2014 andDe-
cember 2016 in private and university hospitals. Wemeasured blood
AMH levels at baseline andat 1, 3, 6, and9months followinga cystec-
tomy. We also examined the correlations of AMH levels with age at
time of surgery, bilateral cysts, cyst diameter, and Douglas fossa oc-
clusion. Main outcome measures include the ovarian reserve based
on AMH levels. Results: Compared to baseline (2.14± 1.66 ng/mL),
AMH levels were significantly reduced at 1 (1.22± 1.08 ng/mL) and
3 (1.18± 1.02 ng/mL) months post-surgery. However, there were no
significant diȞferences between baseline and 6 (1.35± 1.02 ng/mL) or
9 (1.37± 0.95 ng/mL) months post-surgery. AMH levels were signifi-
cantly reduced in patients aged≥ 35 years (1.10± 0.98 versus 3.15±
1.85 ng/mL, P = 0.001), those with bilateral cysts (1.58± 0.98 versus
3.15± 1.85 ng/mL, P = 0.006), and those with pouch of Douglas oc-
clusion (1.16±0.90 versus 2.93± 1.60 ng/mL, P = 0.002). Conclusions:
Abdominalwall liȻting yielded the sameAMH level changes as insuf-
Ƞlation, suggesting that their eȞfects on recurrence and preservation
of the ovarian reserve following ovarian cystectomy are comparable.
Abdominal wall liȻting should be proactively considered when per-
forming laparoscopic surgery for patients with endometriosis. If the
ovarian reserve is preserved in the long term despite transient post-
operative reduction in the ovarian reserve, physicians should con-
sider surgery with consideration of postoperative artificial reproduc-
tive therapy for these patients who desire to have children.
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1. Introduction
Endometriosis, which occurs in 10% of women of child-

bearing age, is a disease that causes dysmenorrhea and coital
pain and markedly reduces women’s quality of life. In ad-
dition, endometriosis is present in roughly 50% of women
with unexplained infertility. It is commonly observed that
inflammation plays a central role in the development and
progression of endometriosis. The underlying condition is

an inflammatory process that leads to overproduction of in-
flammatory mediators such as prostaglandins, metallopro-
teinases, cytokines, and chemokines. In addition, reactive
oxygen species (ROS) and oxidative stress (OS) promote the
growth and adhesion of endometrial cells in the abdominal
cavity, leading to the development of endometriosis and dif-
ficulty in menstruation and infertility. Recent studies have
revealed possible roles for OS and ROS, with ROS in partic-
ular, increasing endothelial cell permeability and expression
of adhesion molecules, causing inflammatory processes. It is
suggested that the OS substance is involved in the pathogen-
esis of endometriosis by activating macrophages [1, 2]. Tak-
ing into consideration cyst diameter, symptoms such as dys-
menorrhea, and the risk of malignant transformation, surgi-
cal treatment is often performed based on the definitive di-
agnosis reached [3, 4]. Severe cases of endometriosis also
often involve complete occlusion of the pouch of Douglas
and deeply infiltrating endometriosis (DIE), which is defined
as endometriosis which penetrates ≥ 5 mm below the peri-
toneal surface. Such cases require not only cystectomy, but
also opening of the pouch of Douglas and excision of DIE to
the fullest extent. These procedures are intended to return
the uterus and adnexa uteri to the anatomically correct posi-
tions while preserving their fertility-related function, allevi-
ate menstrual pain, and improve quality of life.

According to many recent studies, cystectomy for en-
dometriomas may reduce the ovarian reserve and negatively
affect fertility [5]. Endometriomas are generally considered
to cause more injury to the normal ovarian parenchyma than
other benign ovarian cysts. However, one study has reported
that endometriomas and other benign ovarian cysts do not
differ significantly in terms of reduced postoperative ovarian
reserve [6]. Furthermore, while several studies have exam-
ined the differences in the ovarian reserve based on age, cyst
diameter, and bilateral cysts, no consensus has been reached
[7–10]. The ovarian reserve refers to the maturation of fer-
tilizable sperm by latent ovarian function and reserve capac-
ity in female hormone production. Quantitative and qualita-
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tive ovarian decline has been indicated as the primary cause
of age-related fertility decline. Although the serum levels of
follicle-stimulating hormone (FSH) have long been used as an
indicator of age-related fertility decline, measurement is hin-
dered by menstrual cycle-related fluctuations and by a lack of
sensitivity. Indicators of the ovarian reserve include antral
follicle count (AFC) which are measured with ultrasonogra-
phy and inhibit B which are measured with blood. However,
anti-Müllerian hormone (AMH) is now themost widely used
marker of the ovarian reserve because it is easier to measure
and is more universal. The AMH is not expressed by primor-
dial follicles but is expressed by granulosa cells in the pre-
antral follicles, which are further along in the growth pro-
cess; beyond this point in the growth process, expression of
AMH declines. Thus, AMH is considered to reflect the ovar-
ian reserve. The AMH inhibits FSH-induced follicular devel-
opment, granulosa cell development, and aromatase. Specif-
ically, AMH is considered to regulate follicular development
via its relationship with inhibin and activin. Levels of AMH
do not fluctuate based on menstrual cycles and are unaffected
by hormone preparations; these characteristics make AMH
an excellent marker of the ovarian reserve that can be mea-
sured at any time [11, 12].

Surgery for endometriomas is often performed laparo-
scopically. Laparoscopic surgery requires the creation of
space to secure an intraperitoneal visual field, which can be
done with two different methods: insufflation and abdomi-
nal wall lifting. Insufflation involves obtaining a visual field
by inflating the peritoneal cavity with CO2 to extend the ab-
dominal wall. However, insufflation is sometimes associ-
ated with various problems such as respiratory and circula-
tory problems induced by intraperitoneal pressure, increased
blood pressure as a result of increased venous return, and
tachycardia, arrhythmia, and oliguria secondary to hyper-
capnia and peritoneal irritation. Abdominal wall lifting, al-
though it yields an inferior visual field compared to insuffla-
tion, offers two advantages. First, it does not use CO2 and
therefore has little effect on respiration or circulation. Sec-
ond, it is highly economical [13–15]. There are four other
advantages of abdominal wall lifting including: (i) blind op-
eration is not involved because the treatment ports are cre-
ated under direct vision; (ii) the visual field is stable because
abdominal pressure does not decrease due to ventilation or
aspiration; (iii) suture ligation is simple; and (iv) the resected
organs can be removed easily through the treatment port. In
previous studies on changes in the ovarian reserve follow-
ing laparoscopic cystectomy, surgery was performed with in-
sufflation. To date, no study has ever examined laparoscopic
cystectomy with abdominal wall lifting. Therefore, we the
examined changes in AMH levels following laparoscopic en-
dometriotic cystectomy with abdominal wall lifting.

2. Materials andmethods
The subjects included patients with endometriomas who

underwent laparoscopic surgery between October 2014 and

December 2016 at the Tokyo Medical University Hospital or
its affiliated hospitals. All subjects provided informed con-
sent. The subjects were women aged 18-45 years with a
history of pregnancy. The desire to bear children (or lack
thereof) was irrelevant to the present study. Exclusion cri-
teria consisted of the following: history of adnexal surgery,
hormonal therapy within the previous six months, endocrine
disorders, and history of malignancies.

Endometrioid cysts were preoperatively diagnosed by an
obstetrician-gynecologist based on a bimanual examination
and vaginal ultrasonography (Sonovista 6.5 MHz probe,
Konica Minolta, Inc., Tokyo, Japan). All surgeries were per-
formed laparoscopically using abdominal wall liftingmethod.
The patient was placed in a 20◦ reverse Trendelenburg litho-
tomy position under general anesthesia and tractioned up-
ward in the mid-abdomen, using a 5 mm steel wire. Two
procedure holes were made in the lateral abdomen using the
open technique. Under observation using a 10 mm rigid la-
paroscope inserted through the procedure hole, additional
sites for umbilical trocar insertion were made. After the
cyst was aspirated , adhesions between the cyst wall and the
pelvic wall or intestine was released. The incision was fur-
ther extended to strip the cyst wall from the surrounding
normal ovarian cortex as gently as possible after identify-
ing the boundary between tumor and normal tissue. Post-
cystectomy hemostasis was achieved with a simple ligation
alone using Vicryl 000, without the use of a power source.
Surgeries were performed by six different physicians. At
baseline and at 1, 3, 6, and 9 months after surgery, levels of
AMH in the blood were measured, and vaginal ultrasonogra-
phy was performed. Within 15 minutes of blood collection,
bloodwas centrifuged at 1800 rpm for 10minutes, and the re-
sulting serum was preserved at -80 ◦C. Levels of AMH in the
collected samples were then measured using an AMH Gen II
ELISA Kit (Beckman Coulter, Inc., Marseille, France).

We examined changes in AMH levels before and after
surgery. We also examined the correlations of AMH levels
with age at surgery, bilateral cysts, cyst diameter, and pouch
of Douglas occlusion. Statistical analysis consisted of the Stu-
dent’s t-test and the Kruskal-Wallis test, with P < 0.05 con-
sidered statistically significant. The present study was ap-
proved the Tokyo Medical University Institutional Review
Board (approval no: 2794). This study was conducted in ac-
cordance with the Declaration of Helsinki.

3. Results
3.1 Patient characteristics & surgical operations

The subjects consisted of 32 patients; all of whomwere di-
agnosed with endometriosis by postoperative pathologic ex-
amination. Patients’ characteristics are shown in Table 1.
The subjects had a median age of 32 years and a median body
mass index of 19.1 kg/m2. Ten subjects were aged≥ 35 years,
whereas 22 subjects were aged < 35 years. Bilateral ovarian
endometriotic cysts were present in 18 subjects. The median
cyst diameter was 7 cm. Thirteen subjects presented with a
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Table 1. Patient characteristics
N 32

Bilateral/Unilateral (cases) 18/14
Age≥ 35 yrs/< 35 yrs (cases) 10/22
≥ 7 cm/< 7 cm 17/15
Closed/Open 13/19
Age (yrs) (mean± SD) 31.7 (± 5.3)
BMI (kg/m2) (mean± SD) 19.6 (± 3.0)
Cyst diameter (mm) (mean± SD) 6.5 (± 1.4)
rASRM score (mean± SD) 68.4 (± 40.8)
Operative time (min) (mean± SD) 128.2 (± 49.4)
Blood loss (mL) (mean± SD) 206.5 (± 293.3)
Preoperative AMH (ng/mL) (mean± SD) 2.14 (± 1.66)
Preoperative FSH (mIU/mL) (mean± SD) 4.41 (± 5.94)

rASRM: revisedAmerican Society for ReproductiveMedicine guide-
lines; AMH: anti-Müllerian hormone; FSH: follicle-stimulating hor-
mone.

completely occluded pouch of Douglas and a frozen pelvis.
Three of the 32 subjects dropped out of the study because
theywere transferred to other hospitals. Themedian surgical
time was 129 minutes, and the median intraoperative blood
loss was 120 mL.

Intraoperative findings are shown on the Table 2.

All of the 32 cases had cyst formation on either side or
both sides of the ovaries and 18 cases were bilateral. Peri-
toneal lesions such as red, white, and black were present in
23 cases, and DIE was present in 13 cases. In all cases of deep
endometriosis and obstruction of the Douglas fossa, the deep
endometriosis was excised, and the Douglas fossa was freed
except in one case. In one case, the patient’s family did not
consent for the surgical invasion, so we limited to excision of
the ovarian cyst.

Fig. 1. Compared to baseline, AMH levels were significantly reduced
at 1 month and 3 months post-surgery. From 3 months onward, AMH
levels recovered in some patients and did not differ significantly from base-
line at 6 months or 9 months.

Table 2. Surgical operations
CASE ASRM Frozen Pelvic∗1 Peritoneal lesion Adhesion∗2

NO.1 40 ± + mild
NO.2 148 + + strong
NO.3 20 − + mild
NO.4 74 ± − mild
NO.5 40 − + mild
NO.6 116 + + strong
NO.7 38 − + mild
NO.8 118 + + strong
NO.9 82 − + strong
NO.10 108 + + strong
NO.11 33 − + none
NO.12 37 ± + mild
NO.13 36 ± − mild
NO.14 52 − + mild
NO.15 27 − − none
NO.16 52 ± − mild
NO.17 104 + + strong
NO.18 55 − − mild
NO.19 100 + + strong
NO.20 29 ± + mild
NO.21 46 − + strong
NO.22 136 + + strong
NO.23 158 + + strong
NO.24 36 − − strong
NO.25 58 − + strong
NO.26 148 + + strong
NO.27 52 − + mild
NO.28 44 − + mild
NO.29 24 − − mild
NO.30 48 − − mild
NO.31 78 ± + strong
NO.32 58 − + strong

*1Cases with complete closure of the Douglas fossa were marked as
+ and those with semi-closed fossa were marked as±.
*2The degree of adhesion is described based on the ASRM classifi-
cation.
Strong adhesions of more than two-thirds of the tubes or ovaries
were defined as severe, and other adhesions were defined as mild.

3.2 Postoperative levels of AMH

Fig. 1 shows changes in AMH levels. The Kruskal-Wallis
test revealed significant differences (P < 0.05) in AMH lev-
els at baseline and at 1, 3, 6, and 9 months after surgery;
therefore, we performed multiple comparisons. All subjects
demonstrated a transient or consistent decrease in AMH lev-
els after surgery. Compared to baseline (2.14± 1.66 ng/mL),
AMH levels were significantly reduced at 1 month (1.22
± 1.08 ng/mL) and 3 months (1.18 ± 1.02 ng/mL) post-
operatively. From 3 months onward, AMH levels recovered
in some patients and did not differ significantly from baseline
at 6 months (1.35 ± 1.02 ng/mL) or 9 months (1.37 ± 0.95
ng/mL).
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Fig. 2. The figure shows the comparisons of AMH levels at baseline.
No significant difference was observed in AMH levels at baseline based on
cyst diameter (P > 0.05).

Fig. 3. Comparisons based on the presence of bilateral cysts revealed
that baseline AMH levels were significantly lower among patients
with bilateral cysts (P = 0.006).

3.3 Comparisons of AMH levels based on clinical factors

We examined the correlations of AMH levels with age at
surgery, bilateral cysts, cyst diameter, and pouch of Douglas
occlusion. For comparisons based on cyst diameter, subjects
with a cyst diameter ≥ 7 cm were defined as the large cyst
group; however, no significant difference was observed in
AMH levels at baseline based on cyst diameter as shown in
Fig. 2 (2.46 ± 1.67 versus 2.05 ± 1.54 ng/mL, P = 0.339).
Comparisons based on the presence of bilateral cysts revealed
that baseline AMH levels were significantly lower among
subjects with bilateral cysts as shown in Fig. 3 (1.58 ± 0.98
versus 3.15 ± 1.85 ng/mL, P = 0.006). For comparisons
based on age, subjects aged ≥ 35 years at surgery were con-
sidered older. AMH levels were significantly lower among
older subjects as shown in Fig. 4 (1.10 ± 0.98 versus 3.15
± 1.85 ng/mL, P = 0.001). Patients with pouch of Dou-
glas occlusion (as determined in laparoscopic findings dur-
ing surgery) had significantly lower AMH levels than patients
without pouch of Douglas occlusion as shown in Fig. 5 (1.16
± 0.90 versus 2.93 ± 1.60 ng/mL, P = 0.002). We simi-
larly compared the AMH levels based on clinical factors af-
ter surgery. Comparisons of cyst diameter revealed no sig-

nificant differences at any time point postoperatively. Com-
parisons based on the presence of bilateral cysts and age at
surgery showed that AMH levels were significantly lower
among subjects with bilateral cysts and among older subjects
at 6 months post-operatively; however, these significant dif-
ferences disappeared by 9 months. Subjects with pouch of
Douglas occlusion displayed significantly lower postopera-
tive AMH levels than those without occlusion, but the sig-
nificant difference disappeared from 6 months onward.

Fig. 4. This figure showsanage-basedcomparison. Patientswhowere
aged≥ 35 years at the time of surgery were defined as older subjects.
AMH levels were significantly lower among older patients (P = 0.001).

Fig. 5. Assessment of Douglas obstructionwas determined by laparo-
scopic findings during surgery. Patients with pouch of Douglas oc-
clusion had significantly lower AMH levels than patients without
pouch of Douglas occlusion (P = 0.002).

4. Discussion
Several studies have reported on the ovarian function

after cystectomy in patients with ovarian endometriomas.
However, previous studies involved insufflation; and none
of them included analyses of abdominal wall lifting [16–21].
One previous study that used insufflation yielded results sim-
ilar to the present study in terms of patient characteristics
such as age and body mass index [22]. However, we did not
limit our subjects to infertile women; as a result, our study
included many severe cases of endometriosis, and approxi-
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mately 40% of the patients presented with a frozen pelvis. In
the present study, subjects were observed for amedian period
of 27.3 months following surgery. We collected blood and
conducted ultrasonography until 9 months post-surgery and
continued to conduct ultrasonography afterwards to moni-
tor for recurrence. Among our 32 subjects, three dropped
out of the study because they transferred to other hospitals.
Defining postoperative recurrence of endometrioma as the
formation of a cyst ≥ 2 cm in diameter, Vercellini et al. ex-
amined the rates of postoperative recurrence at 36 months
in 27 cases of excision of endometriomas. The postoperative
rate of recurrence was 8% among patients who underwent
postoperative low-dose estrogen-progestin (LEP) treatment
versus 45% among patients who did not undergo LEP [23].
In the present study, using the same definition for recur-
rence, we found that recurrence was prevented in 11 subjects
receiving postoperative dienogest or LEP. Although recur-
rence was not observed during postoperative hormone ther-
apy, two patients who did not undergo recurrence preven-
tion demonstrated postoperative recurrence. Previous stud-
ies have reported ovarian chocolate cyst recurrence rates of
12%-30% at 2-5 years post-operatively [24–29]. Although the
present study established a short postoperative observation
period, our results were relatively favorable compared to pre-
vious studies. Spontaneous pregnancy occurred shortly after
surgery in four of the 10 subjects who desired to bear chil-
dren. However, the desire to bear children was not examined
in the present study, and our spontaneous pregnancy ratewas
lower than that in previous studies.

After surgery, levels of AMHdecreased transiently or con-
sistently; these levels were significantly lower at 1 and 3
months post-surgery compared to baseline but they subse-
quently recovered, which was comparable to previous find-
ings that used insufflation. Previous studies have also re-
ported that bilateral cysts and advanced age (≥ 33 years) are
risk factors for a diminished ovarian reserve. The present
study found significantly lower AMH levels in association
with advanced age, pelvic occlusion, and bilateral cysts. How-
ever, at 9 months, AMH levels did not differ significantly
in any clinical factor. In all cases, significant differences in
postoperative AMH levels compared to baseline disappeared
from 6months onward. These results suggested that abdom-
inal wall lifting prevented complete breakdown of the ovar-
ian reserve, even in patientswith further risk factors in previ-
ous studies, thereby indicating that the ovarian reserve can be
preserved in the longer term. When performing cystectomy
for patientswith endometriosiswho are aged≥ 35 years, who
are suspected to have bilateral cysts and an occluded pouch of
Douglas, and desire to become pregnant, physiciansmust suf-
ficiently explain the potential for irreversible damage to the
ovarian reserve and consider operability carefully.

Concerning pelvic occlusion, while a previous study re-
ported a significant decline in the ovarian reserve based on
the American Society for Reproductive Medicine classifica-
tion of endometriosis, the present study found that the ovar-

ian reserve was significantly lower from baseline to 3months
in patients with pelvic occlusion [5]. In severe cases of en-
dometriosis in which the pelvis is completely occluded, ovar-
ian cysts generally adhere strongly to the posterior uterine
wall or the pelvic floor [3, 4, 22]. The management of DIE
by medication is not curative but used chiefly to alleviate
symptoms and often causes serious side effects. It is not
clear whether the medicine prevents disease progression, es-
pecially in severe endometriosis such as symptomatic DIE
with colorectal dilation. Since the discontinuation of this
treatment generally causes a recurrence, it can be argued that
surgical management is the main treatment for severe en-
dometriosis. Regardless of the location of endometriotic le-
sions such as endometrioma, peritoneal endometriosis, DIE,
the most important therapeutic strategy is complete excision
of the implant and preservation of normal tissue [30, 31]. Im-
proving dysmenorrhea requires resection of cysts, resection
of DIE, and opening of the pouch of Douglas. In these pro-
cedures, adhesion and detachment of the cyst wall may trig-
ger injury in healthy ovarian tissue and interrupt blood flow
around the hilum of the ovary. In light of previous studies
reporting that excision of DIE improves outcomes in ART
for patients with severe endometriosis who desire to bear
children, the results of the present study indicate that if the
decline in the ovarian reserve is only transient, the physi-
cian should consider the option of surgery with considera-
tion of postoperative ART despite the decline in AMH levels
[3, 4, 22].

With regard to coagulation in healthy ovarian tissue fol-
lowing cystectomy, several studies have stated that postop-
erative ovarian reserve was better preserved in patients who
only had suturing than in patientswho underwent bipolar co-
agulation or other forms of thermocoagulation [16–21]. Ab-
dominal wall lifting is performed in a manner similar to la-
parotomy and is thus performed with the same instruments
used in laparotomy. Post-cystectomy coagulation is achieved
with sutures alone without the use of a power source (such as
bipolar coagulation) or specific bio-based products because
suturing can be performed easily. In all cases in the present
study, we performed subcutaneous abdominalwall lifting and
achieved coagulationwith simple ligation alone to protect the
postoperative ovarian reserve.

This study has several limitations. First, the present study
did not directly compare abdominal wall lifting with insuffla-
tion, thus preventing us from commenting on the superiority
of abdominal wall lifting. Second, we did not limit subjects to
infertile women, thus preventing us from discussing postop-
erative pregnancy rates or numbers of eggs collected. In the
future, we intend to include a larger number of cases and con-
duct investigations limited to specific groups of participants,
such as infertile women, patients with certain symptoms, and
obese patients. By doing so, we hope to further examine the
utility and efficacy of abdominal wall lifting compared to in-
sufflation.
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5. Limitation
There is some evidence in the literature that suggests su-

ture ligation alone results in better ovarian reserve. How-
ever, because surgery in our hospital was performed using
only the wall lifting method, we could not directly compare
this method with insufflation methods.

Unfortunately, we could not recruit the planned number
of cases within the study period, thus limiting the sample size.
A larger prospective study is required to confirm the present
findings.

6. Conclusions
In conclusion, in the present study, AMH levels tran-

siently decreased postoperatively but improved from 6
months onwards to the point that they were no longer sig-
nificantly different from baseline. Abdominal wall lifting in
ovarian cystectomy results in the same changes inAMH levels
as insufflation and is thus considered to be comparable with
insufflation in terms of recurrence and protection of post-
operative ovarian reserve. Although laparoscopic surgery is
generally minimally invasive, it is more expensive than la-
parotomy owing to the use of disposable products and power
sources. Most instruments used in abdominal wall lifting are
cheap and reusable, and abdominal wall lifting does not re-
quire expensive insufflators, thus making it evidently supe-
rior to insufflation in terms of health care costs. Based on
economics and minimal invasiveness in anesthesia manage-
ment, abdominalwall lifting should be proactively considered
when performing laparoscopic surgery for patients with en-
dometriosis.
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