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ABSTRACT
In this prospective randomised placebo-controlled study, we aimed to evaluate the effect of New Cross
linked Hyaluronan Gel (NCH gel) on the quality of life of patients who underwent laparoscopic surgery
due to Deep Infiltrating Endometriosis (DIE). The intervention group received 40mL of NCH gel, and
the control group had a 40mL sterile saline solution instilled into the peritoneal cavity following stand-
ard laparoscopic procedures. The patients were called in the third and sixth postoperative months and
requested to fill the Visual Analogue Scale (VAS), Endometriosis Health Profile (EHP-5), and Short Form
for Mental and Physical Health (SF-12) questionnaires. There was a significant reduction in dysmenor-
rhoea, dyschezia, dyspareunia VAS scores at 3rd, and 6th-month visits in NCH gel group. The postoper-
ative 6th-month EHP-5 scores were significantly lower (1.16±1.51, p-value: .02) in NCH gel group.
Besides, NCH gel group had higher SF-12 mental and SF-12 physical scores.

Clinical Trials registration number: NCT04023383

IMPACT STATEMENT

� What is already known on this subject? Application of solid or liquid physical barriers is believed
to be a promising strategy to reduce adhesions after laparoscopic endometriosis surgery. However,
comparable data regarding the effects of adhesion barriers are still lacking.

� What the results of this study add? We revealed that there was a significantly higher decrease in
VAS and EHP-5 scores and an increase in SF-12 physical-mental ratings after surgery in NCH
gel group.

� What are the implications of these findings for clinical practice and/or further research?
Using NHC gel in addition to standard surgical procedure improves postoperative VAS scores, and
provides better quality of life scores.
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Introduction

Endometriosis is defined as the presence of endometrial
glands and stroma outside of the uterine cavity.
Endometriosis is one of the most common diseases of
women during their reproductive period, with a prevalence
of 7–10% (Laufer et al. 1997; Eskenazi and Warner 1997). The
lesions are typically observed in the peritoneal cavity, ovaries,
and tubes. Still, it can also be found in the rectum, rectosig-
moid colon, bladder, ureter, and other pelvic structures such
as the uterine ligaments and vagina (Jansen and Russell
1986; Vercellini et al. 2014). The patients with endometriosis
have a low quality of life (QoL) due to dysmenorrhoea, dys-
pareunia, chronic pelvic pain, and infertility as a result of
inflammation and adhesion formation.

Surgery is required for patients who failed to respond to
medical therapy and those who develop acute abdominal
pain or suspicion of malignant adnexal mass (Singh and Suen
2017). The surgical technique may vary from simple laparo-
scopic excision of endometrial foci to complex procedures

including extensive adheziolysis, ureterolysis, partial resection
of bladder, ureter, and bowel to treat deep infiltrative endo-
metriosis (DIE) (Arcoverde et al. 2019).

One of the significant postoperative concerns is the high
recurrence rate of the symptoms due to de novo pelvic adhe-
sions that are associated with endometriosis-related pain (Al-
Jabri and Tulandi 2011). Immunohistochemical analyses also
confirmed that there were nerve fibres in the adhesions that
had been removed from patients with pelvic pain (Hammoud
et al. 2004). Administrating solid or liquid physical barriers is
believed to be a promising strategy to reduce postoperative
adhesions and to separate peritoneal injuries from each other
(Ahmad et al. 2008). Ideal barriers should be absorbable, safe,
deliverable by either laparotomy or laparoscopic approaches,
and broadly efficacious to reduce both de novo and
reformed adhesions in the abdominopelvic cavity (Chen and
Abatangelo 1999).

Hyaluronan, a glycosaminoglycan found in connective tis-
sues and extracellular matrix, has been thought to reduce
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postoperative adhesions, because of its biological functions
in tissue repair. However, its fluid nature causes rapid deg-
radation, and it cannot affect long enough to work as an
adhesion barrier (Chen and Abatangelo 1999; Wiseman et al.
2000). For this reason, a new cross-linked hyaluronan (NCH)
gel, with a higher viscosity than natural hyaluronan has been
developed. It is gradually absorbed within 1–2weeks in vivo,
which is the required period for tissue repair and adhesion
formation. Although it has already known that endometriosis
has a serious impact on the quality of life of women; compar-
able data regarding the effects of adhesion barriers on
patients who have had laparoscopic DIE surgery is lacking.

Therefore, in this study, we aimed to conduct a pilot rand-
omised controlled study to evaluate the effect of NCH gel on
short term quality of life in patients who had undergone lap-
aroscopic surgery due to DIE.

Materials and methods

A prospective, 1:1, randomised, placebo-controlled study was
conducted in University of Health Sciences Bakirkoy Dr. Sadi
Konuk Hospital, Istanbul, which serves as a tertiary referral
hospital between January 2017 and January 2019. The study
protocol was approved by the local ethics committee of our
hospital (approval number: 2017/04/35).

The inclusion criteria for this study were as follows;
women aged 18–45 years, undergoing laparoscopic surgery
for suspicion of DIE, and having persistent pain unresponsive
to any medical treatment.

The exclusion criteria for the study were as follows; the
presence of an acute or severe infection, autoimmune dis-
ease, use of a systemic anti-inflammatory or hormonal drug
at least three months before the planned surgery, having
clinical evidence of cancer. Also, patients with known/sus-
pected hypersensitivity against hyaluronan or its derivatives,
use of any anticoagulant agents, fibrin glue, or other anti-
adhesion agents, patients with bowel involvement proven via
ultrasound or MRI, and those who want to receive postopera-
tive hormonal treatment were excluded.

One hundred twenty-four patients who were admitted to
the endometriosis outpatient clinic, corresponding inclusion/
exclusion criteria were informed and asked to anticipate to
the study. The patients who were scheduled to undergone
laparoscopic surgery for the treatment of deep infiltrating
endometriosis without bowel involvement were enrolled.
Sixty patients were enrolled in the study after written and
signed informed consent was obtained. The same surgical
team who experienced in minimally invasive DIE surgery
performed all of the procedures. The patients were called
for follow-up visits in the 3rd and 6th postopera-
tive months.

Participants were allowed to withdraw from the study for
any reason at any time, and the study was decided could be
terminated by investigators in case of safety concerns, viola-
tions of inclusion/exclusion criteria, or presence of pregnancy.
None of the participants lost during the study period, and
the study was completed with the planned number
of patients.

Surgical procedure

Patients were randomly assigned to either the NCH gel or
control group in a 1:1 ratio through a computer-based pro-
gramme. A standardised laparoscopic approach was con-
ducted consisting of removal of all the endometriotic foci.
After hemostasis, 40mL of NCH gel (HyaRegen, BioRegen
Biomedical, Changzhou, China) was administered into the
peritoneal cavity of the intervention group. In contrast,
the control group received a 40 cc of sterile saline solution.
The operators were not blind to the type of treatment due to
the nature of the study, but the questionnaire assessors and
the patients were blinded to the kind of treatment applied.

Preoperative and postoperative assessment of pain and
quality of life (QoL)

A research assistant recorded the scores of Visual Analogue
Scale (VAS), Endometriosis Health Profile (EHP-5), and Short
Form for Mental and Physical Health (SF-12) of patients
before the day of the surgery.

A validated, Likert fashion, VAS score form was used. The
scoring varied between 0 and 10 that 0 was referred to as no
pain, and ten was the worst pain that they had ever experi-
enced. Then, the VAS and QoL questions were asked in the
3rd and 6th months of their follow up visits. A QoL form SF-
12, which assesses physical functioning, bodily pain, general
health, vitality, social functioning, role limitations due to
physical and mental health problems, was used. The scores
were analysed to obtain both physical and mental scores.

A validated form of EHP-5 questionnaire was used to
determine endometriosis-related QoL (Selcuk et al. 2015).
EHP-5 consists of two parts. The first part evaluates parame-
ters, namely; pain, control and powerlessness, emotional
well-being, social support, and self-image; and the second
part measures the sexual life, work, relationship with children,
feelings about medical professional, treatment, and infertility.

Statistical analysis

Data analysis was performed by using SPSS (IBM SPSS
Statistics for Windows, version 20.0. Armonk, NY: IBM Corp.).
One-sample Kolmogorov–Smirnov test was performed to ana-
lyse the distribution of clinical variables. The frequency and
percentage of the categorical variables and the mean, stand-
ard deviation, median, and range values of the continuous
and ordinal variables were presented. The study groups were
compared using Student t-test for parametric variables and
Mann Whitney U test for the non-parametric variables. A
post-hoc sample size calculation was performed via a two-
sided Z test (a¼ 0.05, b¼ 0.20) for each study group to
obtain VAS scores as the primary outcome. A p-value of <.05
was considered statistically significant for all calculations.

Results

There was no significant difference between the study
groups in terms of age, BMI, gravidity, parity, size of adnexal
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cyst, laterality of the mass, peri/postoperative complications
and recurrence rates, type of operation, pre and postopera-
tive Hb/Hct levels, duration of surgery, and duration of post-
operative hospital stay (Table 1). There was a statistically
significant reduction in dysmenorrhoea, dyschezia, dyspar-
eunia at 3rd and 6th month, and in VAS scores at 6th month
in NCH gel group compared to the control group (Table 2).
No significant difference for preoperative EHP-5 and postop-
erative 3rd-month EHP-5 results between the study groups
was noted. However, postoperative 6th-month EHP-5 scores
were significantly lower (1.16 ± 1.51, p-value: .02) in NCH gel
group. Preoperative SF-12 mental and physical parameters
and postoperative 3rd-month physical scores were not statis-
tically different between the study groups. On the other
hand, significantly higher scores of the postoperative 3rd
month mental SF-12 and postoperative 6th month SF-12

physical and mental ratings (50.43 ± 11.09, 51. 92 ± 11.21, and
51.55 ± 10.93, respectively) found in NCH gel group (Table 3).

Discussion

It is a well-known fact that endometriosis itself progresses
with the formation of postoperative adhesions despite defini-
tive radical excisional surgeries and hormonal therapies. So
far, the studies had focussed on the effect of surgery alone
on QoL of patients, recurrence, and postoperative adhesion
formation rates. However, there is still a lack of evidence on
the impact of adhesion barriers on postoperative pain and
QoL (Chen and Abatangelo 1999; Garry et al. 2000).

To enlighten the relation between adhesion barriers and
postoperative de novo adhesions, diZerega et al. compared
patients who had surgery only (n: 17, control patients with

Table 1. Baseline characteristics of the study population.

Control group NCH† gel group p Value 95% Confidence interval(CI)

Age (years) 36.43 ± 8 34.36 ± 7.58 0.23 0.23–0.25
Gravidity 1.33 ± 1.1 0.86 ± 0.97 0.1 0.1–0.11
Parity 1.16 ± 0.9 0.76 ± 0.85 0.09 0.09–0.11
BMI (kg/m2) 26.27 ± 3.94 24.39 ± 3.4 0.06 0.060–0.069
Size of adnexal mass (mm) 61 ± 20.56 66 ± 22.06 0.28 0.26–0.30
Laterality
Unilateral 14 (46.7%) 8 (26.7%) 0.09 0.17–0.18
Bilateral 16 (53.3%) 22 (73.3%)

Number of intra/postoperative complication 2 (6.7%) 0 0.49 0.48–0.51
Number of recurrence 2 4 0.67 0.66–0.68
Type of operation
Cystectomy 16 22 0.11 0.17–0.18
Oophorectomy 14 8

Preoperative Hb g/dL 12.46 ± 1.59 12.16 ± 1.17 0.38 0.38–0.4
Preoperative Hct % 38.06 ± 3.96 37.86 ± 2.94 0.8 0.79–0.81
Postoperative Hb g/dL 10.46 ± 1.53 10.43 ± 1.47 0.99 0.99–1
Postoperative Hct % 33.03 ± 4.27 33.13 ± 3.96 0.97 0.97–0.98
Decrease in Hb 2 ± 1.28 1.73 ± 0.98 0.31 0.316–0.334
Decrease in Hct % 5.03 ± 3.63 4.73 ± 2.81 0.82 0.819–0.834
Duration of surgery (min.) 135.83 ± 56.32 166.5 ± 58.28 0.06 0.059–0.069
Duration of hospital stay (days) 2.83 ± 0.91 2.83 ± 0.64 0.66 0.64–0.66
†NCH: New cross linked hyaluronan.

Table 2. Preoperative and postoperative VAS‡ scores of the study population.

Control group NCH† gel group p Value 95% Confidence interval(CI)

Preoperative VAS dysmenorrhea dysmenorrhoea 8.06 ± 0.9 8.13 ± 1.63 0.71 0.71–0.73
3rd month VAS dysmenorrhea dysmenorrhoea 3.1 ± 2.39 1.26 ± 1.99 0.001 0–0.002
6th month VAS dysmenorrhea dysmenorrhoea 2.46 ± 1.75 1 ± 1.33 0.001 0–0.001
Decrease in VAS dysmenorrhea dysmenorrhoea 5.6 ± 1.92 7.13 ± 2.17 0.007 0.005–0.008
Preoperative VAS dyschezia 2.9 ± 2.1 2.43 ± 2.29 0.33 0.333–0.352
3rd month VAS dyschezia 2.2 ± 1.5 1.13 ± 1.27 0.006 0.004–0.007
6th month VAS dyschezia 2.13 ± 1.54 0.76 ± 1.01 <0.001 0–0.001
Decrease in VAS dyschezia 0.76 ± 0.93 1.66 ± 1.71 0.067 0.062–0.071
Preoperative VAS dyspareunia 3.23 ± 2.25 3.26 ± 2.59 0.91 0.919–0.929
3rd month VAS dyspareunia 2.43 ± 1.69 1.03 ± 1.42 0.001 0–0.002
6th month VAS dyspareunia 2.2 ± 1.56 0.8 ± 1.06 <0.001 0.000–0.000
Decrease in VAS dyspareunia 1.03 ± 1.27 2.46 ± 2.08 0.01 0.009–0.01
Pre-op VAS dysuria 2.33 ± 1.6 2.6 ± 2.38 0.6 0.601–0.620
3rd month VAS dysuria 1.7 ± 1.14 1.4 ± 1.32 0.39 0.391–0.410
6th month VAS dysuria 1.26 ± 0.94 0.93 ± 0.94 0.18 0.165–0.180
Decrease in VAS dysuria 1.06 ± 1.11 1.66 ± 1.82 0.38 0.379–0.398
Preoperative VAS pelvic pain 2.93 ± 2.16 3.03 ± 3.02 0.85 0.853–0.867
3rd month VAS pelvic pain 2.26 ± 1.61 1.6 ± 1.84 0.21 0.211–0.227
6th month VAS pelvic pain 1.5 ± 1.16 0.8 ± 1.03 0.01 0.010–0.014
Decrease in VAS pelvic pain 1.43 ± 1.47 2.23 ± 2.41 0.36 0.351–0.370
‡VAS: visual analogue scale.
†NCH: new cross linked hyaluronan.
Bold values indicates statistically significant (p< 0.05).
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total 30 adnexal involvement) and the other group received
Oxiplex/AP gel (approximately 12mL; range, 4–60mL in 90 s)
in addition to standard surgery (n: 20 patients with total 35
adnexal involvement) (diZerega et al. 2007). They concluded
that Oxiplex/AP gel was effective in the reduction of adhe-
sion formation scores obtained in second-look surgery since
increased scores were observed in patients with stage I and
stage II disease in the control group. They also indicated
that, especially in cases of red endometriotic lesions, which
are indicative of early endometriosis, intraoperative adminis-
tration of gel might provide additional benefits in reducing
endometriotic lesions (diZerega et al. 2007).

To date, Adept (4% icodextrin solution; Baxter Bio-
Surgery, Deerfield, IL) has been approved in Europe for
abdominal surgery and in the US for laparoscopic gynaeco-
logic adhesiolysis (Darai et al. 2010; Mabrouk et al. 2012).
However, in a pivotal randomised controlled study in the US,
Adept was found to be ineffective in reducing the extent
and severity of adhesions. There was only an 11% difference
(49% in the Adept group vs. 38% in the control group which
lactated Ringer’s solution was used.) in terms of clinical suc-
cess, which was basically considered as the reduction in
adhesions (Tanmahasamut et al. 2012). To evaluate the anti-
adhesion effect of barriers, in a randomised study with 215
patients by Liu et al. 160mL of NCH gel (107 of 108) was
instilled into the peritoneal cavity following standard laparo-
scopic procedures, and the patients in control group had
160mL of saline (108 of 108) instillation (Liu et al. 2015).
They concluded that NCH gel could significantly reduce post-
operative adhesion formation, severity, and modified
American Fertility Society (mAFS) scores compared to the
control group (Liu et al. 2015). In contrast to our study,
patients in this trial underwent a laparoscopic surgery due to
a variety of indications such as pelvic adhesions, uterine fib-
roids, simple ovarian cysts, and endometriotic cysts.

These results confirm that NCH gel is efficient in reducing
postoperative adhesion formation in the abdominopelvic cav-
ity. A 160mL of NCH gel can be applied to the abdominopel-
vic cavity to provide broad coverage on the surfaces of
organs and tissues with a high safety threshold. However,
like the previous studies, we also used 40mL of gel in our
research. (Garry et al. 2000; Sintonen 2001). We believe that

40mL NCH gel is adequate to cover the ovaries, fallopian
tubes, and pouch of Douglas as it has a cross-linked molecu-
lar structure. Its high viscosity allows expansion and slow
degradation, which provides enough time interval to prevent
adhesions at the surgical area.

Recently, Pang et al. have demonstrated that NCH gel
inhibits migration, invasion, and proliferation of ovarian can-
cer cells in vitro. It can also suppress implantation in vivo by
blocking the activation of epidermal growth factor receptor
(EGFR) in implantation nude mice model of ovarian cancer
(Pang et al. 2018). Also, a marked increase of epidermal
growth factor (EGF) concentrations has been previously dem-
onstrated in the peritoneal fluid of women with endometri-
osis (Rakhila et al. 2016). Therefore, one of the reasons why
NCH gel may have a positive effect on the quality of life
scores can be explained by its anti-proliferative effects on
endometriotic implants.

Hyaluronan has distinctive functions on scar-free healing
by reducing inflammation and improving peritoneal re-epi-
thelialization (Ribeiro et al. 2014). We believe that adhesion
formation is an inherited defect of the peritoneal healing
process; thus, better tissue hemostasis and enhancement of
routine healing may reduce adhesion formation. In our study,
we used the EHP-5 questionnaire, which is a condition-spe-
cific scale and health-related QoL questionnaire, which is less
burdensome for respondents to complete (Jones et al. 2004).
There are few studies that assessed the efficacy of laparo-
scopic surgery on improving the QoL of women with endo-
metriosis (Minas and Dada 2014). In a study by Minas and
Dada, 40 out of the 49 women (81.6%) completed the EHP-5
questionnaires. They reported that there was an improve-
ment in the QoL after surgery, as lower scores were seen in
the post-surgery EHP-5 scale. Specifically, the mean score
before surgery was 46.9, and after surgery was 27.5 with a
reduction by 41.3% (Minas and Dada 2014). In our study, we
also used the EHP-5 questionnaire to evaluate disease-spe-
cific QoL scores. Although a significant reduction was
observed regarding postoperative scores compared with pre-
operative scores in both groups, a significantly higher
decrease was observed in NCH gel group.

Garry et al. conducted a study on 57 patients who under-
went laparoscopic excision of invasive endometriosis and

Table 3. Preoperative and Postoperative SF-12§, EHP5¶ ,QoL� assesment scores of the study population.

Control group NCH gel group p Value
95% Confidence

interval(CI)

Preoperative EHP-5 5.46 ± 3.13 7.83 ± 4.98 0.06 0.065–0.075
3rd month EHP-5 2.66 ± 1.56 1.93 ± 1.74 0.07 0.066–0.076
6th month EHP-5 2.16 ± 1.91 1.16 ± 1.51 0.02 0.017–0.022
Decrease in EHP-5 3.3 ± 3.19 6.6 ± 5.12 0.009 0.007–0.011
Preoperative SF 12 physical score 43.15 ± 10.11 39.99 ± 9.45 0.21 0.216–0.233
Preoperative SF 12 mental score 44.89 ± 9.31 40.38 ± 11.41 0.06 0.066–0.076
3rd month SF 12 physical score 49.34 ± 7.43 50.11 ± 11.16 0.18 0.182–0.197
3rd month SF 12 mental score 46.41 ± 7.93 50.43 ± 11.09 0.005 0.004–0.006
6th month SF 12 physical score 49.24 ± 7.89 51.92 ± 11.21 0.004 0.002–0.004
6th month SF 12 mental score 49.21 ± 7.07 51.55 ± 10.93 0.01 0.010–0.014
Decrease in SF 12 physical score 6.09 ± 10.02 11.93 ± 14.61 0.03 0.027–0.034
Decrease in SF 12 mental score 4.32 ± 11.29 11.17 ± 14.76 0.01 0.015–0.020
§SF 12: Short form-12 health survey for mental-physical health.
¶EHP-5: Endometriosis health profile-5.
�QoL: Quality of life.
Bold values indicates statistically significant (p< 0.05).
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determined QoL by using the SF-12 questionnaire (Garry
et al. 2000). They reported a significant improvement in SF-
12 physical score (44.8 vs. 51.9) four months after radical lap-
aroscopic excision of deep endometriosis. Still, the mental
health score of SF-12 failed to show any statistical improve-
ment (47.1:48.4) (Garry et al. 2000). In our study, we observed
no difference in preoperative SF-12 mental and physical
parameters and postoperative 3rd-month physical scores
between the study groups. On the other hand, significantly
higher scores were found in favour of NCH gel group in the
postoperative 3rd month SF-12 mental scores and postopera-
tive 6th month SF-12 physical and mental scores. According
to the preoperative VAS assessment, Garry et al. showed that
the patients were experiencing a significant degree of pain
(Garry et al. 2000). The mean VAS score of 53 patients who
complained of dysmenorrhoea was eight preoperatively and
four postoperatively. Non-menstrual pelvic pain improved
7–2 in 4 months. A similar reduction in the level of dyspar-
eunia and rectal symptoms were reported as VAS scores
decreased from 6 to 0 and 4 to 0, respectively (Garry
et al. 2000).

In a recent review, dysmenorrhoea, chronic pelvic pain
(CPP), and dyspareunia scores were evaluated preoperatively
and in postoperative 3rd and 12th months by using VAS
(Marqui 2015). The results show a significant improvement in
pain symptoms after three months, and this remained signifi-
cant throughout 12months postoperatively. Furthermore, at
the end of the study, 79% of the patients reported general sat-
isfaction regarding pain relief. In our study, there was a signifi-
cant reduction in dysmenorrhoea, dyschezia, dyspareunia at
3rd, and 6th months after surgery. Pelvic pain parameters in
the 6th month were observed significantly lower in NHC gel
group compared to the control group (Marqui 2015).

Limitations of the study include that we could not per-
form a second-look laparoscopy to evaluate the postopera-
tive adhesions, and we should have increased the size of
the study.

In conclusion, laparoscopic surgery alone or with saline
instillation may provide improvement in postoperative pain
scores and QoL. However, using NHC gel improves postoper-
ative VAS scores. It provides better QoL scores by preventing
possible adhesions that occurred after surgical denudation,
ischaemia, desiccation, abrasion, and peritoneal trauma dur-
ing laparoscopic DIE surgery.
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Ece Bahçeci http://orcid.org/0000-0003-2306-5846
Sema Baghaki http://orcid.org/0000-0003-3981-6069
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