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Abstract

Background: Postoperative adhesions are a common complication following laparoscopic
surgery for advanced endometriosis and may increase surgical complexity and impair reproductive
function. Evidence regarding the effectiveness of adhesion prevention barriers in laparoscopic
endometriosis surgery remains limited. This randomized controlled trial evaluated the
effectiveness of InterGuard, an oxidized regenerated cellulose adhesion barrier, in reducing
postoperative adhesion formation.

Methods: In this double-blind randomized controlled trial, 50 women undergoing laparoscopic
surgery for stage I11-1V endometriosis were randomly assigned to receive either InterGuard (n =
25) or saline irrigation (n = 25) following adhesiolysis. The primary outcome was the total
postoperative adhesion score assessed three months after surgery using a standardized transvaginal
ultrasonographic scoring system based on adhesion extent and severity. Analysis of covariance
(ANCOVA) was performed to examine the influence of prespecified baseline variables on
postoperative adhesion scores.

Results: All 50 randomized participants completed the study. Baseline demographic and clinical
characteristics were comparable between groups. At three months, the mean postoperative
adhesion score was significantly lower in the InterGuard group than in the control group (2.37
0.29 vs. 6.59 + 1.58; P < 0.001). After adjustment for baseline characteristics, previous abdominal
surgery was the only variable significantly associated with postoperative adhesion score (partial n?
=0.164, P =0.012).

Conclusion: InterGuard was associated with significantly lower postoperative ultrasonographic
adhesion scores following laparoscopic surgery for advanced endometriosis. Given the small
sample size, the use of ultrasonography rather than second-look laparoscopy, and the lack of long-
term clinical outcomes, larger multicenter randomized trials are needed to confirm these findings
and establish their clinical relevance.
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Introduction

Endometriosis is a chronic inflammatory
gynecological disorder characterized by the presence of
endometrial-like tissue outside the uterine cavity (1). It
affects approximately 6-10% of women of reproductive
age and is strongly associated with infertility and
chronic pelvic pain (1, 2). Women with endometriosis
commonly present with infertility, pelvic pain, and
ovarian endometriomas (3). Ovarian endometriomas
are cystic lesions formed by ectopic endometrial tissue
within the ovary and occur in approximately 17-44% of
affected women (4). Although laparoscopic surgery is
considered the standard treatment for advanced
disease, recurrence remains common, with rates
reported to reach 10% per year (5). Recurrence may
result from residual lesions left after surgery or the
progression of microscopic implants that are not
recognized intraoperatively (6).

Despite advances in minimally invasive surgery,
postoperative adhesion formation remains a major
challenge following laparoscopic treatment of
endometriosis. Surgical trauma to the peritoneal
surface initiates an inflammatory cascade involving
cytokines, growth factors, and angiogenic mediators
released by activated macrophages, neutrophils, and
other inflammatory cells. Reduced peritoneal
fibrinolytic activity together with fibrin-rich exudate
promotes the formation of a fibrin matrix that serves as
a scaffold for fibroblasts, mesothelial cells, and
endothelial cells, ultimately resulting in permanent
fibrous adhesions (7). These adhesions may distort
pelvic anatomy, impair tubo-ovarian function,
contribute to chronic pelvic pain, complicate repeat
surgery, and adversely affect reproductive outcomes.

Several strategies have been developed to reduce
postoperative adhesion formation, including the use of
physical barrier agents. Oxidized regenerated cellulose
(ORC) is an absorbable biomaterial that has been
widely used as a topical hemostatic agent because it
promotes platelet aggregation, clot formation, and
mechanical hemostasis. In addition, its acidic pH (2-4)
enhances hemostasis through vasoconstriction and
protein denaturation, resulting in the formation of a
gel-like clot (8). ORC is generally well tolerated and is
absorbed within several weeks after implantation,
although foreign-body and granulomatous reactions
have occasionally been reported (9).

InterGuard is an absorbable anti-adhesion barrier
composed of oxidized regenerated cellulose and
approved by both the Iranian Ministry of Health and
the U.S. Food and Drug Administration for surgical use
(10). Applied as a dry sheet over traumatized
peritoneal surfaces, it acts as a temporary physical
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barrier during the critical early phase of peritoneal
healing and has demonstrated favorable effects in
reducing postoperative adhesions across various
surgical procedures (10). However, most available
evidence has been generated in heterogeneous
gynecological populations or open surgical settings,
whereas evidence regarding its effectiveness in
laparoscopic surgery for advanced endometriosis
remains limited and inconsistent. Given the continued
clinical burden of postoperative adhesions and the
scarcity of randomized evidence in women with stage
I11-1VV endometriosis, this study aimed to evaluate the
effectiveness of InterGuard in reducing postoperative
adhesion formation following laparoscopic surgery for
advanced endometriosis.

Materials and Methods
Study Design and Setting

This double-blind randomized controlled trial was
conducted in 2022 at Avicenna Infertility Center and
Kamali Hospital, Iran. The study protocol was
approved by the Institutional Ethics Committee
(IRABZUMS.REC.1401.199) and  prospectively
registered in the Iranian Registry of Clinical Trials
(IRCT20221121056562N1). The study was conducted
in accordance with the Declaration of Helsinki.
Participants

Women aged 15-45 years with surgically confirmed
stage 1l or IV endometriosis who were scheduled for
laparoscopic surgery were screened for eligibility.
Endometriosis was classified according to the revised
American Fertility Society (AFS) classification system.
Eligible participants included women with stage I11-1V
endometriosis presenting with infertility, chronic cyclic
pelvic pain associated with menstruation, or
sonographic  evidence  of  suspicious  pelvic
endometriotic lesions. Patients were excluded if they
were pregnant or breastfeeding, had contraindications
to laparoscopy (including coagulopathy, liver cirrhosis,
severe cardiopulmonary disease, or unclear pelvic
anatomy), declined participation, or withdrew consent
during follow-up.
Randomization and Allocation Concealment

After confirmation of eligibility and written
informed consent, participants were randomly assigned
in a 1:1 ratio to the intervention or control group using
block randomization. Allocation was concealed until
the time of surgery to minimize selection bias.

Participants, the sonographer responsible for
postoperative outcome assessment, and the statistical
analyst remained blinded to treatment allocation
throughout the study. Because placement of the anti-
adhesion barrier was an integral component of the
surgical procedure, the operating surgeon could not be
blinded during the intervention.
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Intervention

Before surgery, all participants underwent
transvaginal ultrasonography using a 5-7 MHz vaginal
transducer (Voluson E8, GE Healthcare Austria
GmbH) to confirm the diagnosis and evaluate the
location and extent of endometriotic lesions. All
patients subsequently underwent laparoscopic surgery
for stage IlI-1V endometriosis. Following complete
adhesiolysis, patients allocated to the intervention
group received InterGuard anti-adhesion barrier
placement in the rectovaginal septum (posterior cul-de-
sac between the uterus and rectum). Patients in the
control group underwent the identical surgical
procedure but received saline irrigation instead of the
anti-adhesion  barrier. To reduce measurement
variability, all postoperative ultrasound examinations
were performed by the same experienced sonographer
using the same ultrasound equipment and a
standardized examination protocol.

Outcome Measures

The primary outcome was the total postoperative
adhesion  score assessed three months after
laparoscopic surgery. Secondary outcomes included
adhesion extent score, adhesion severity score, and the
influence of potential confounding variables on
postoperative adhesion formation.

Because second-look laparoscopy was not clinically
indicated, postoperative adhesions were evaluated
using transvaginal ultrasonography as a non-invasive
follow-up method.

Adhesion formation was assessed at predefined
postoperative pelvic sites by a single blinded
sonographer. Adhesion extent was graded using a five-
point scale, where 0 indicated no adhesions, 1 indicated
localized involvement involving less than 25% of the
evaluated area, 2 indicated involvement of 25% to 50%
of the evaluated area, 3 indicated involvement of 50%
to 75% of the evaluated area, and 4 indicated extensive
involvement affecting more than 75% of the evaluated
area. Adhesion severity was also graded on a five-point
scale ranging from 0 (no adhesion) to 4 (dense vascular
adhesions). The total adhesion score was calculated by
multiplying the extent score by the severity score, as
previously described by Kramer et al. (41). Higher
scores indicated more extensive and severe
postoperative adhesions.

Previous studies have reported a sensitivity of 89%,
specificity of 90%, and overall diagnostic accuracy of
96% for ultrasonography in detecting postoperative
pelvic adhesions (25).

Sample size

Sample size was determined using the findings
reported by Kramer et al. (41) for the primary outcome
(total adhesion score). Assuming a two-sided
significance level of 0.05, 80% statistical power, and
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an anticipated 20% attrition rate, the required sample
size was calculated as 24 participants per group using
the formula for comparison of two independent means.

Where a = 0.05, B =0.20, Zo/2 = 1.96, and Z3 = 0.84

(Za,;xg } Zﬁ)z = 252
d2

Y —

Statistical Analysis

Statistical analyses were performed using SPSS
version 25 (IBM Corp., Armonk, NY, USA). The
primary analysis followed the intention-to-treat
principle, and all randomized participants were
analyzed in their originally assigned groups. No
participant was excluded from the primary analysis
because complete follow-up data were available.
Continuous variables are presented as mean * standard
deviation (SD), whereas categorical variables are
reported as frequency and percentage. Baseline
continuous variables were compared using the
independent-samples t test, and categorical variables
were analyzed using the Chi-square test or Fisher's
exact test when appropriate. Analysis of covariance
(ANCOVA) was used to compare postoperative
adhesion scores between study groups while adjusting
for prespecified baseline covariates considered
clinically relevant. All statistical tests were two-sided,
and a P value <0.05 was considered statistically
significant.

Result

A total of 59 women were assessed for eligibility,
of whom 50 met the inclusion criteria and were
randomly assigned in a 1:1 ratio to either the
InterGuard group (n = 25) or the control group (n =
25). All randomized participants completed the 3-
month follow-up and were included in the final
analysis (Figure 1).

The  baseline  demographic and clinical
characteristics of the participants are summarized in
Tables 1 and 2. There were no statistically significant
differences between the InterGuard and control groups
with respect to age, body mass index (BMI), or history
of previous abdominal surgery (Table 1).

Likewise, the prevalence of previous endometriosis
surgery, cesarean section, dysmenorrhea, dyspareunia,
dysuria, urinary frequency, constipation, diarrhea,
dyschezia, manual assistance during defecation, and
rectal bleeding was comparable between the two
groups (all P > 0.05; Table 2), indicating successful
baseline comparability following randomization.
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Assessed for eligibility (n= 59)

Excluded (n=9)
Not meeting inclusion criteria (n= 6)

Declined to participate (n= 2)
Other reasons (n= 1)

Randomized (n= 50)

" [

Allocation

) ‘.

Intervention group (n=25)
Received InterGuard (n=25)

Control group (n= 25)
Received Saline Solution (n= 25)

I [

Follow-Up1-2 ]

Lost to follow-up (give reasons) (n= 0)

Discontinued intervention (give reasons) (n= 0)

Lost to follow-up (give reasons) (n= 0)

Discontinued intervention (give reasons) (n= 0)

| |

Analysis 1-3 ] l

Analysed (n=25)
Excluded from analysis (give reasons) (n=0)

Figure 1. Consort flowchart for selecting patients in the study

Table 1. Baseline demographic characteristics of the
study participants

Analysed (n= 25)
Excluded from analysis (give reasons) (n= 0)

Variable InterGuard Control P
(n = 25) (n = 25)

Age  (years), 354+47 366153 0.52
Mean £ SD
Body mass
index (kg/m?),
Mean £ SD
Previous 4 (16.0) 3(12.0) 0.68
abdominal

surgery, n (%)

228+16 225+21 0.50

Note. Continuous variables are presented as mean * standard
deviation (SD). Categorical variables are presented as number
(percentage). Independent-samples t test was used for continuous
variables and the chi-square test for categorical variables.

Overall, 27 participants (54.0%) were diagnosed
with stage 111 endometriosis and 23 (46.0%) with stage
IV disease. In the InterGuard group, stage Il and stage
IV endometriosis were observed in 15 (60.0%) and 10
(40.0%) participants, respectively, whereas in the
control group, 12 (48.0%) participants had stage 111 and
13 (52.0%) had stage IV disease. The distribution of
disease stage did not differ significantly between the
two groups (Table 3).

To evaluate whether baseline characteristics
influenced postoperative adhesion formation, an
analysis of covariance (ANCOVA) was performed
after adjustment for age, BMI, endometriosis stage,
previous abdominal surgery, previous endometriosis
surgery, and history of cesarean section. Among the
evaluated covariates, only previous abdominal surgery
was significantly associated with the postoperative
adhesion score (partial > = .164, P = 0.012), whereas
age, BMI, disease stage, previous endometriosis
surgery, and previous cesarean section were not
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Adhesion Score

significantly associated with the primary outcome
(Table 5). The adjusted postoperative adhesion scores
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Table 3. Distribution of endometriosis stage in the two
study groups

are presented in Figure 3. Stage  InterGuard Control  Total P
. - (n=25) (n=25)
Table2. Baseline clinical characteristics of the study Stage 15 (600) 12 (480) 27(54.0) 0.395
participants n
Variable InterGuard Control P Stage 10 (40.0) 13 (52.0) 23(46.0)
n (%) n (%) v
Previous 2 (8.0) 3(12.0) 0.63 Note. Comparison was performed using the chi-square test.
endometriosis
surgery
Previous  cesarean 8 (32.0) 6 (24.0) 0.52 Table 4. Comparison of postoperative total adhesion
section scores between study groups
Bysmenorr.hea 8(32.0) 4(16.0) 018 Outcome InterGuard  Control Mean P
yspareunia 16 (64.0) 12 0.25 (n = 25) (n=25) difference
. (48.0) Mean + SD Mean +
Dysuria 4(16.0) 7(28.0) 0.30 SD
Urinary frequency 5 (20.0) 3(12.0) 044 Total 2.37£0.29 6.59+1.58 -4.22 <0.001
Constipation 4 (16.0) 2(8.0) 0.38 adhesion
Diarrhea 5(20.0) 9(36.0) 0.20 score
Dyschezia 1(4.0) 2(8.0) 055 Note. Comparison was performed using the independent-
Manual assistance 8 (32.0) 4(16.0) 0.18 samples t test.
during defecation
Rectal bleeding 3(12.0) 4(16.0) 0.68

Note. Comparisons were performed using the chi-square test
or Fisher's exact test where appropriate.

Three months after laparoscopic surgery, the mean
postoperative total adhesion score was significantly
lower in the InterGuard group than in the control group
(2.37 + 0.29 vs. 6.59 £ 1.58, respectively; mean
difference = —4.22, P < 0.001; Table 4). The
distribution of postoperative adhesion scores in the two
groups is illustrated in Figure 2.

1000
a.00
800
7.00
600

500

i

400
300

200 é

100

Adhesion score Means

Contrel Case

Groups

Figure 3. Error bar chart of adhesion score after
removing the effect of confounding variables.

Table 5. Analysis of covariance (ANCOVA) for
postoperative adhesion score

Covariate P Partial n?
Age NS —

Body mass index NS —
Endometriosis stage NS —
Previous abdominal surgery 0.012 0.164
Previous endometriosis surgery NS —
Previous cesarean section NS —

Control Case

Groups

Figure 2 Boxplot of total adhesion score 3 months
after laparoscopy between the two groups

Note. ANCOVA was performed after adjustment for
prespecified baseline covariates. NS = not statistically
significant.
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Discussion

The present randomized controlled trial
demonstrated that the application of InterGuard during
laparoscopic surgery for stage IlI-IV endometriosis
was associated with a significantly lower postoperative
adhesion score compared with standard surgical
management. After adjustment for potential baseline
confounders, previous abdominal surgery was the only
factor significantly associated with postoperative
adhesion formation, whereas age, body mass index,
disease stage, previous endometriosis surgery, and
previous cesarean section showed no significant
associations.

The observed reduction in postoperative adhesion
formation is  biologically plausible.  Oxidized
regenerated cellulose acts as a temporary physical
barrier separating injured peritoneal surfaces during the
critical early postoperative healing period, thereby
reducing fibrin bridge formation and limiting the
development of permanent adhesions. This mechanism
has been proposed in previous experimental and
clinical studies evaluating adhesion prevention
materials (48).

Our findings are generally consistent with those
reported by Kang et al. (39), Ten Broek et al. (45),
Watanabe et al. (38), Azziz et al. (47), Gaity et al. (49),
and Mais et al. (53), all of whom demonstrated a
beneficial effect of oxidized regenerated cellulose-
based adhesion barriers in reducing postoperative
adhesion formation. However, direct comparisons
should be interpreted cautiously because these studies
differed with respect to surgical procedures, patient
populations, study designs, adhesion assessment
methods, and outcome definitions. Whereas most
previous evidence has been derived from mixed
gynecologic procedures or open surgery, the present
study specifically evaluated women with advanced
endometriosis undergoing laparoscopic surgery, a
clinical setting in which adhesion formation and
surgical complexity may differ substantially.

A recent systematic review by Borghese et al. (40)
identified oxidized regenerated cellulose, self-
crosslinked hyaluronic acid gel, and polyethylene
glycol-based barriers as among the most promising
adhesion prevention agents. Similarly, Salum et al. (51)
reported that oxidized regenerated cellulose effectively
reduced postoperative adhesion formation, while Reid
et al. (52) demonstrated its greatest effectiveness
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during the early postoperative period when fibrin
organization occurs. The findings of the present study
are consistent with these reports and further support the
role of oxidized regenerated cellulose as an effective
adjunct for adhesion prevention following laparoscopic
endometriosis surgery.

Although the postoperative adhesion score was
substantially lower in the intervention group, the
clinical implications of this reduction should be
interpreted with caution. Pelvic adhesions are
associated with infertility, chronic pelvic pain, bowel
obstruction, and technical difficulty during subsequent
surgery. Therefore, reducing adhesion formation may
have potential clinical benefits. However, the present
study did not evaluate fertility outcomes, pain
recurrence, quality of life, reoperation rates, or other
long-term clinical endpoints. Consequently, no direct
conclusions can be drawn regarding improvements in
reproductive performance or other patient-important
outcomes.

No adverse events related to the intervention were
observed during the study follow-up. Nevertheless,
adverse events were not prospectively classified or
graded using a standardized reporting system, and the
relatively small sample size and limited follow-up
duration restrict the ability to draw firm conclusions
regarding the safety profile of InterGuard. Larger
studies with systematic adverse event monitoring are
required to better characterize treatment safety.

An important strength of this study is its
randomized controlled design and the blinded
assessment of postoperative adhesions by a single
experienced sonographer, thereby reducing the
potential for outcome assessment bias. In addition,
baseline demographic and clinical characteristics were
well balanced between the two study groups,
minimizing the likelihood that measured baseline
characteristics influenced the observed treatment
effect.

Several limitations should be acknowledged. First,
the relatively small sample size limited statistical
power for detecting smaller treatment effects and
precluded robust evaluation of uncommon adverse
events or subgroup analyses. Second, postoperative
adhesions  were  assessed using  transvaginal
ultrasonography rather than second-look laparoscopy,
which remains the reference standard for adhesion
assessment. Although ultrasonography has
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demonstrated acceptable diagnostic performance in
previous studies (25), its accuracy depends on operator
expertise and it cannot fully replace direct surgical
visualization. Third, postoperative outcomes were
evaluated only three months after surgery; therefore,
the long-term durability of the observed reduction in
adhesion formation remains uncertain. Finally,
clinically important outcomes including fertility,
spontaneous pregnancy, recurrence of endometriosis,
chronic pelvic pain, and quality of life were not
assessed.

To our knowledge, this study represents one of the
few randomized clinical studies evaluating InterGuard
specifically in women undergoing laparoscopic surgery
for advanced endometriosis using postoperative
ultrasonographic assessment. Nevertheless, because a
formal systematic review was not undertaken to
establish research novelty, the present findings should
be interpreted as contributing additional evidence
rather than establishing the first report in this field.

Conclusion
In conclusion, the use of InterGuard during
laparoscopic surgery for women with stage II-IV

endometriosis was associated with a significantly lower
postoperative ultrasonographic adhesion score at three
months compared with standard surgical management.
These findings suggest that oxidized regenerated
cellulose may be a useful adjunct for reducing
postoperative adhesion formation in laparoscopic
endometriosis surgery.

However, the findings should be interpreted in light
of several limitations, including the relatively small
sample size, the use of ultrasonography rather than
second-look laparoscopy for adhesion assessment, and
the absence of long-term clinical outcomes. Therefore,
larger multicenter randomized controlled trials with
standardized adhesion assessment and longer follow-up
are warranted to confirm these findings and determine
whether the observed reduction in adhesion scores
translates into meaningful clinical benefits, including
reproductive and patient-centered outcomes.
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