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Abstract

Operative laparoscopy is the gold standard in the treatment of endometriotic ovarian cysts.
Excisional surgery is the best technique to prevent recurrences and improve symptoms but it
may result in ovarian reserve damage due to the removal of healthy ovarian cortex. The aim of
this study was to assess the impact on ovarian reserve of the use of dual wavelengths laser
system (DWLS) hemostasis after stripping technique of monolateral endometrioma, by dosing
the anti-Mullerian hormone (AMH). This prospective study was conducted at the Institute of
Obstetrics and Gynecology, University of Foggia, from December 2013 to January 2015. Forty-
five women underwent excision of monolateral endometriotic ovarian cyst by stripping without
using a bipolar coagulation and performing hemostasis with a DWLS. The AMH serum levels
were estimated before the surgery (T0), 4-6 weeks (T1) and 6-9 months (T2) after surgery. Our
results suggest that an appropriate surgical technique with the use of laser hemostasis does
not determine a significant reduction of ovarian reserve. Laser hemostasis could prevent
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follicular reserve loss after ovarian endometrioma surgery.

Introduction

Endometriosis is a common gynecological disorder of still
unknown pathogenesis [1]. It is a chronic disease associated
with chronic pain, severe impairment of quality of life and it is a
recognized cause for infertility [2,3]. Surgery has a fundamental
role to play in the treatment of endometriomas. The management
of ovarian endometriomas in women wishing to become pregnant
remains challenging [4,5]. Although several investigators have
questioned whether endometriomas should be removed or left
in situ, in case of an endometrioma greater than 4 cm, surgical
removal may be offered as a treatment option. However,
endometrioma and its laparoscopic excision may reduce ovarian
reserve [6]. Endometrioma results from the invagination of the
ovarian cortex, often endowed with primordial follicles that are
lost during stripping. Consequently, the size of the endometrioma
also contributes to the amount of ovarian parenchyma that is
removed during surgery. Moreover, there is a direct function
between the severity of disease and ovarian reserve [7,8].
Nevertheless, laparoscopic endometrioma excision still is the
gold standard treatment as it increases the chance of spontaneous
pregnancy and reduces the risk of recurrence of endometriosis [9].
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The aim of our study was to evaluate the loss of ovarian
parenchyma and decrease in antral follicle count (AFC) after
ovarian endometrioma ablation using a new approach on hemo-
stasis control: the use of a diode laser (dual wavelengths laser
system [DWLS]).

Methods

After ethical approval of the local research ethics committee,
women presenting to the general gynecology unit of our tertiary
referral teaching hospital were recruited between December 2013
and January 2015. Inclusion criteria were: age 18-45 years,
unilateral endometrioma greater than 35mm, and no previous
gynecological surgery or hormonal therapy 3 months before
surgery. Women with previous surgery for endometriosis, hor-
mone therapy 3—6 months before the current surgery, coagulation
disorders, current pregnancy, pelvic inflammatory disease, malig-
nant disorders, non-endometriotic ovarian cysts, GnRH analogues
or contraceptive therapy during the follow-up, BMI > 30 kg/m? or
endocrine disorders were excluded. A written consent form was
obtained from all participants. We collected personal data and
patients symptoms such as dysmenorrhea, dyschezia, chronic
pelvic pain, dyspareunia, and presence of infertility. AMH was
assayed with a commercial enzyme-linked immunosorbent
assay (Diagnostic Systems Laboratories, Webster, TX). The
AMH assay had a sensitivity of 0.006 ng/mL; the intra-assay
and inter-assay coefficients of variation were 9.4% and 7.2%,
respectively. We performed the hormone assay before surgery,
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4-6 weeks and 6-9 months from surgery, in the early proliferative
phase (second to third of the menstrual cycle), to record changes
in ovarian reserve before and after surgery observed and to
evaluate suspicious changes due to hormonal disorders. Patients
received anti-microbial prophylaxis before surgery [10]. The
operative laparoscopy was performed during the proliferative
phase of the menstrual cycle by the same surgical team [11],
which boasted extensive experience in the treatment of endomet-
riosis. During the diagnostic laparoscopic phase, the surgeons
followed the same protocol: inspection of the pelvic organs,
peritoneal washing, peritoneal staging of endometriosis, and
adhesiolysis to release the ovary from the surrounding structures
if needed. In order to possibly prevent or decrease the occurrence
of post-surgical adhesions, 500cl of warm lactated Ringer’s
solution was instilled in the pelvis [12]. In all cases, a histological
intraoperative examination confirmed the diagnosis of endome-
trioma. The severity of endometriosis was staged according to the
classification of the American Society for Reproductive Medicine
(ASRM) [13]. In detail, the most part of endometrioma was
excised following the conventional stripping technique. The
hemostasis of residual ovarian tissue was performed using the
DWLS, with a conic fiber of 1000 micron (Biolitec Ceralas HPD,
wavelength of 980nm and 1470 nm, model 120 W). Statistical
analyses were performed with SPSS version 21.0 (IBM Corp.,
Armonk, NY). Concentrations of AMH were compared between
each sampling point (pre-operatively, post-operatively at week
4-6 and month 6-9) using paired samples 7-test and Wilcoxon
signed-rank test. p<<0.05 was considered statistically significant.

Results

Fifty-eight patients were recruited. Thirteen of them were
excluded from the study (three patients for previous surgery for
endometriosis, two for hormone therapy in the 3 months prior to
the current surgery, one patient for BMI > 30 kg/mz, two patients
because of unilateral endometrioma smaller than 35 mm, one
patient with bilateral endometrioma, and four patients who were
older than 45 years). Table 1 shows the characteristics of the study
population, the mean age of the patients and the mean diameter of
the larger endometriotic cyst. No major complications occurred
during surgery. Women were discharged 2d after the surgery.
Ovarian reserve, as evaluated through assay, showed a reduction
in serum AMH levels after surgery (Table 2). At both T1 and T2,

Table 1. Demographic characteristics of women enrolled.

Number of patients (1) 45
Age (years) 31 (£4.3)
Parity 0.6 (£0.9)

BMI (kg/m?)

Diameter of the larger endometriotic
cyst (cm, mean = SD [95% CI])

Duration of surgery (min)

22.1 (+2.65)
73424 (63-7.8)

50+16.3

Values are given as mean (+SD).

Table 2. AMH levels at baseline, 4-6 weeks (T1) and 6-9 months (T2).
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DWLS was associated to lower AMH levels than baseline, with
mean AMH levels at T1 2.41 ng/ml. AMH levels in the DWLS
group seemed to increase towards baseline levels (mean
2.76 ng/ml, p<0.0001), and this difference was statistically
significant between T1 and T2 (mean difference 4+ 0.35ng/ml,
p<0.0001). In patients with a low AMH levels at baseline
(<2ng/ml) the AMH levels slightly recovered from T1 to T2 to
87.0% of the mean baseline value (1.64ng/ml; Table 3). In
patients with higher AMH serum level at baseline (>3 ng/ml), the
mean serum AMH corresponded to 93.6% of baseline levels
(Supplementary Table S1).

Discussion

AMH has been recommended as a superior marker for predicting
ovarian response over age, FSH, inibina B and E, levels, as the
last three biomarkers are all involved in the pituitary-ovary axis
negative feedback, resulting in great variations during menstrual
cycle [14,15]. Therefore, AMH may also be a very informative
marker regarding the degree of ovarian reserve damage, due to
endometrioma or ovarian cystectomy, because of its independence
from menstrual period and its ability for early detection of ovarian
damage as compared to other hormones [6-8,16,17]. A few
studies in the literature report the assessment of pre-and post-
operative AMH levels in patients undergoing laparoscopic
excision of unilateral/bilateral endometriomas. Moreover, there
is still not a standard timepoint to assess post-operative AMH
changes. Early measurements within the first post-operative
month generally demonstrated a significant decrease in AMH
levels. This decrease did not seem to change through the 3rd, 6th,
and even 12th month in some studies [18-22]. In others papers,
AMH levels were observed to increase after 3 months, although
values were still lower than pre-operative levels [17]. In other
studies, no significant decrease in AMH levels after surgery was
evidenced [6,23]. These contradictory results may be explained by
the different techniques used, as well as by the characteristics of
endometriotic cysts (size, number) reported in the studies [24].
However, even if the surgery could damage ovarian reserve, there
is evidence that an intervention is better than no treatment, even if
surgery could not be the best treatment to improve fertility [25].
The two most common techniques used for endometriomas
treatment are the stripping technique and pseudo-capsule vapor-
ization. The first technique may cause accidental removal of a
large amount of ovarian tissue, while the second one is often
associated with an increased endometrioma recurrence after
surgery [9]. A recent study asserts that the negative results
obtained with the ablation technique may be related to the use of
bipolar current, which is most likely responsible for a deeper
thermal effect compared to plasma energy or CO, laser use [4]. In
addition, hemostatic techniques may be involved in the loss of
ovarian reserve. The common use of bipolar coagulation may
cause thermal damage to the ovarian follicles [21,22], while
ovarian suture could induce a tissue ischemic injury [26]. Roman
et al. showed that plasma energy ablation of the cyst wall may be

Mean plasma level Mean + SD difference

p (from baseline)

Mean + SD difference

Overall cohort (ng/ml) + SD from baseline [CI 95%] (T1-T2) p (T1-T2) [CI 95%]
n=45

Baseline 3.01+0.78

T1 241+0.76 —0.60+0.26 <0.0001 [0.53-0.68]

T2 2.76 +0.80 —0.25+0.11 <0.0001 [0.22-0.28] 0.35+0.24 <0.0001 [—0.43—(—0.28)]

CI, confidence interval; SD, standard deviation.
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Table 3. AMH levels at baseline, 4-6 weeks (T1) and 69 months (T2): sub-analysis in patients with lower AMH levels at baseline (<2 ng/ml).

Low AMH levels Mean plasma level Mean + SD difference

p (from baseline)

Mean + SD

at baseline (ng/ml) + SD from baseline [CI 95%] difference (T1-T2) p (T1-T2) [CI 95%]
n=7

Baseline 1.88+0.10

T1 1.42+0.31 —0.46 +£0.21 0.001 [0.26-0.66]

T2 1.64+0.21 —0.24+0.12 0.002 [0.13-0.35] +0.22+0.12 0.003 [—-0.33—(—0.11)]

ClI, confidence interval; SD, standard deviation.

less harmful to the follicular reserve than endometrioma excision
[27]. Donnez et al. proposed a combined technique (stripping and
ablation) using CO, laser to vaporize the remaining 10-20% of
endometrioma wall, close to the hilum. The pregnancy rate was
41% at 8.3 months and the recurrence rate was only 2% [28].
Inspired by these promising results, we decided to apply this
combined technique (stripping and ablation of the hilum) to our
patients. In order to improve the results obtained in terms of
ovarian reserve sparing, we decided to use a new diode laser for
ablation: the DWLS. The combination of two wavelengths,
980 nm and 1470 nm gives a contemporary absorption in H,O and
in Hb with excellent ability of hemostasis, cutting and vaporiza-
tion, as was previously shown in laparoscopic surgery [29,30].
Moreover, the thermal penetration of DWLS is low and the
surgery is safe and accurate, especially for delicate anatomical
structures such as the ovarian hilum. In our study, the
intraoperative blood loss was significantly low (129.2 +26.8 ml)
as well as the total drainage fluid volume (200.4 +12.4ml).
Ovarian reserve, as evaluated through hormonal assay, showed a
reduction of serum AMH levels after surgery. Measurements
within the first postoperative month showed a significant decrease
in ovarian reserve. AMH levels increased at 6-9 months, although
values were lower than preoperative levels. DWLS seemed to
allow for partial AMH recovery towards baseline. In conclusion,
the combined technique (stripping, ablation using DWLS) could
be an interesting alternative to cystectomy in ovarian endome-
trioma management. Type and size of the tissue damage may be a
function of power density and duration of the source emission: use
of pulsed mode minimizes damages. In conclusion, the results of
our study validate laser application in terms of ovarian reserve’s
recovery after surgery for ovarian endometrioma.
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