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Abstract
Introduction: Intra-abdominal adhesions are abnormal fi-
brous attachments between tissues and organs that can be
congenital or acquired. Adhesion formation is a critical
postoperative complication that may lead to bowel ob-
struction, chronic abdominal pain, and infertility. Physical
barrier agents separate opposing peritoneal surfaces in the
critical 5-day period of remesotheliazation. These agents are
subdivided into solid or liquid/gel. Liquid agents seem easier
to use in laparoscopic procedures than solid agents.
Methods: The search for suitable articles published in En-
glish was carried out using the following databases: MED-
LINE, Embase, Global Health, the Cochrane Library (Cochrane
Database of Systematic Reviews, Cochrane Central Register
of Controlled Trials, Cochrane Methodology Register), Health
Technology Assessment Database, Web of Science, and

search register (ClinicalTrial.gov). Only studies reporting data
about the impact of the use of an antiadhesive agent on
adhesion formation after a primary gynecologic laparo-
scopic surgery were considered eligible. Results: Twenty-
two papers that met the inclusion criteria were included in
this systematic review. Conclusions: Surgeons should con-
sider applying antiadhesive agents after gynecologic sur-
gery to help reduce adhesion formation and its adverse
effects. However, further studies are still needed to confirm
their impact on reproductive outcome and to implement
clear guidelines on their per-operative application.
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Introduction

Intra-abdominal adhesions are abnormal fibrous at-
tachments between tissues and organs that can be con-
genital or acquired. The majority of acquired adhesions
are consequent to surgical trauma, and their formation
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results from multiple factors. The knowledge and un-
derstanding of these factors by surgeons are crucial in
order to contribute to the reduction of adhesion for-
mation and its potentially dramatic consequences [1].
The dimension of the problem is substantial, with
numbers ranging from 60 to 90% after a gynecological
surgery [2]. In infertility surgery, this burden concerns
not only the reformation of adhesions but also the for-
mation of de novo adhesions, observed at sites initially
adhesions-free, during second-look procedures [3]. Ad-
hesion formation is a critical postoperative complication
that may lead to bowel obstruction, chronic abdominal
pain, and infertility [4]. This does not lead to an increase
in direct and indirect costs [5–7]. Tissue repair after
peritoneal surgery involves multiple players in coagula-
tion, inflammation, and fibrinolysis that form a cascade of
reactions that control the process [8] and lead to complete
reepithelialization 5–7 days after surgical injury [9].
Normal peritoneal healing or adhesion formation de-
pends essentially on the balance between fibrin deposition
and degradation [10]. Injuries, such as surgical trauma,
can disrupt this balance and lead to irreversible adhesions
of the fibrin matrix [11]. Gynecological procedures are at
high risk of adhesion formation and, therefore, fertility
issues. Since the extent of surgical trauma is a primary
factor responsible for inducing the development of ad-
hesions [5], the prophylactic approach starts at the time
of the first intervention with a good surgical technique.
The European field guidelines [12], the European Society
for Gynecological Endoscopy Adhesions Research
Working Group [13], and the Practice Committee of the
American Society for Reproductive Medicine (ASRM) in
collaboration with the Society of Reproductive Surgeons
[14] agree that adhering to microsurgical principles and
favoring minimally invasive surgery may help decrease
postoperative adhesions. Meticulous surgical techniques
remain the cornerstone for adhesion prevention, but a
significant risk of adhesion formation persists. Current
research concepts focus on intraoperative placement of
mechanical barriers as an antiadhesion strategy. Physical
barrier agents separate opposing peritoneal surfaces in
the critical 5-day period of remesotheliazation [15]. These
agents are subdivided into solid or liquid/gel. Liquid
agents seem easier to use in laparoscopic procedures than
solid agents [16]. The studies published so far provide
concrete evidence of the effort made to limit adhesion
formation and its regretted consequences. Of these
consequences, we focus on infertility due to adnexal
adhesions that were formed after an initial gynecological
procedure [17]. Additionally, the rates of term pregnancy
were inversely correlated with adhesion scores at the time

of intervention using the ASRM classification system for
adnexal adhesions [18]. Unfortunately, surveys showed
that the first operating surgeon was unaware of these
complications and underestimates the problem [19]. The
aim of this systematic review is to evaluate the outcomes
of using different physical barrier agents, particularly in
laparoscopic gynecologic reproductive surgeries. De-
scribing the impact of using these agents in reducing
adhesion scores and, consequently, infertility rates will
help increase their use among surgeons when indicated,
particularly at the time of the first surgery.

Methods

Data Sources and Searches
This study was carried out according to the Preferred Reporting

Items for Systematic Reviews and Meta-Analyses guidelines [20],
available through the Enhancing the Quality and Transparency of
Health Research (EQUATOR) network and the Cochrane
Handbook for Systematic Reviews [21]. MEDLINE, Embase,
Global Health, the Cochrane Library (Cochrane Database of
Systematic Reviews, Cochrane Central Register of Controlled
Trials, Cochrane Methodology Register), Health Technology
Assessment Database, Web of Science, and research register
(ClinicalTrial.gov) were searched for studies that described out-
comes of using different physical barrier agents in laparoscopic
gynecologic reproductive surgeries. The following medical subject
heading (MeSH) and key search terms were used: “Adhesion”
(MeSH Unique ID: D000267) OR “Infertility” (MeSH Unique ID:
D007246) OR “Laparoscopy” (MeSH Unique ID: D010535) OR
“minimally invasive surgery” (MeSH Unique ID: D019060) OR
“Gynecologic surgery” (MeSH Unique ID: D013509) AND “Anti-
adhesive agent.” We selected papers written in English from the
inception of each database until December 31, 2022.

Inclusion and Exclusion Criteria
Only original studies (retrospective or prospective) that eval-

uated, mainly through a second-look laparoscopy (SLL), the
impact of the use of an antiadhesive agent on adhesion formation
after a primary gynecologic laparoscopic surgery were deemed
eligible for inclusion in this systematic review. Case reports and
“step-by-step” procedure descriptions were excluded.We excluded
other surgical techniques, such as laparotomy or microsurgery,
and all non-gynecological surgeries.

Study Selection
Titles and/or abstracts of studies retrieved using the search

strategy were screened independently by 2 review authors (A.E.
and Z.S.) to identify studies that met the inclusion criteria. The full
texts of these potentially eligible articles were retrieved and in-
dependently assessed for eligibility by 2 other review team
members (A.S.L. and V.C.). Any disagreement between them over
the eligibility of articles was resolved through discussion with a
third (external) collaborator. All authors approved the final
selection.
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Data Synthesis and Analysis
Two authors (S.E. and A.K.) independently extracted data from

articles about study characteristics and included populations,
methods, and results/outcomes using a prepiloted standard form
to ensure consistency.

Results

Using the reported search strategy, as shown in
Figure 1, we identified 4,001 items. After exclusion of
2,765 duplicates, we screened 1,236 items and further
excluded 1,206 of them. The remaining 30 items were
selected, and each full text was carefully evaluated to

select only relevant information. We excluded two studies
because the full text could not be retrieved. An additional
five studies were excluded because some of the patients
were randomized to laparotomy and not exclusively to
laparoscopy. One article was excluded because a newer
version was republished later. Ultimately, we included
twenty-two studies. The year of publication ranged from
1993 to 2021. Table 1 summarizes the key findings of
these studies. Given our inclusion criteria and the aim of
this review in demonstrating the effect of these anti-
adhesive agents on adhesion and, thus, on infertility, all
patients evaluated in these studies were premenopausal
and nonpregnant. The design of most of these studies is
similar: patients were randomized, at the time of a first

Fig. 1. PRISMA flow diagram.
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laparoscopic gynecologic surgery scheduled for a specific
therapeutic purpose, to a treatment group with the ap-
plication of an antiadhesive agent or to a control
group. These patients were followed up and scheduled for
a SLL, during which the extent, severity, rate of reduction,
and adhesion score were evaluated. Only two studies used
a partially different scheme at follow-up in which, after

randomization to the treatment and control groups and
application of an antiadhesive agent, patients did not
undergo SLL but were assessed for serum hormone status
and follicular monitoring [22] and for quality of life using
visual analog scale (VAS), the Endometriosis Health
Profile (EHP-5), and the Short Form for Mental and
Physical Health (SF-12) questionnaires [23]. Pellicano

Table 1. Key findings of the included studies

Author Year of
publication

Product Patients,
n

SLL time Rate of adhesion reduction

Greenblatt and
Casper

1993 Interceed® 8 3–4 weeks –

Saravelos and Li 1996 Interceed® 21 2–11 weeks –

Keckstein et al. 1996 Interceed® 17 8–30 weeks 76% free of adhesions [vs. 35%]

Mais et al. 1995 Interceed® 50 12–14 weeks No cohesive adhesions [vs. 23%]

diZerega et al. 2002 Adept® 53 6–12 weeks Nonsignificant reduction

Brown et al. 2007 Adept® 402 4–8 weeks 49% adhesion reduction [vs. 38%]

Trew et al. 2011 Adept® 330 4–16 weeks Nonsignificant

Pellicano et al. 2003 Hyalobarrier® 36 60–90 days 27.8% adhesions [vs. 77.8%]

Mais et al. 2006 Hyalobarrier® 43 12–14 weeks Nonsignificant

Cheong et al. 2017 Hyalobarrier® N/A N/A N/A

Liu et al. 2015 NCH 196 9 weeks Lower incidence and fewer sites of moderate and
severe adhesions

Ekin et al. 2021 NCH N/A N/A N/A

Fossum et al. 2011 Sepraspray® 38 4–12 weeks Nonsignificant

Diamond et al. 2003 NOCC gel 32 2–10 weeks Nonsignificant

Johns et al. 2003 SprayGel® 14 3–16 weeks Reductions: 71% of frequency, 69% of extent,
43% of severity

Tachartchian
et al.

2014 SprayShield® 13 8–12 weeks Nonsignificant

Trew et al. 2017 Actamax 74 4–12 weeks 41.4% reduction in postoperative adhesion

Lundorff et al. 2005 Oxiplex/
AP gel

49 6–10 weeks 42% reduction in postoperative adhesion

Young et al. 2005 Oxiplex/
AP gel

27 6–10 weeks 32% reduction in adhesion formation

diZerega et al. 2007 Oxiplex/
AP gel

37 6–12 weeks Significant reduction

Diamond et al. 2011 Adhexil 16 6 weeks Nonsignificant

Kramer et al. 2021 4DryField® PH 50 3–16 weeks 85% reduction of severity and extent of
adhesions, 53% reduction of incidence of
adhesion

SLL, second-look laparoscopy; NCH, new crosslinked hyaluronan; NOCC, N,O-carboxymethylchitosan.
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et al. [24] after conducting a study design similar to the
other included studies, also reported, 2 years later, in
another paper, reproductive outcome using pregnancy
rate [25]. A total of 1,804 patients underwent an initial
laparoscopic surgery, and when applicable, a total of
1,506 underwent an SLL. Various antiadhesive agents
were tested with this intent. We reported the observed
results chronologically by similarity of composition or
texture; the main findings are summarized in Table 2.

Interceed®

Interceed® (Ethicon-Inc., Somerville, MA, USA), an
oxidized regenerated cellulose barrier, was effective in
reducing postoperative adhesion reformation in patients
undergoing laparotomy for adhesiolysis, and its use in
laparotomy is approved in the USA and in Europe. Its
efficacy in laparoscopic surgeries was studied in four
trials. The first pilot study [26] published in 1993 applied

Interceed® to an ovary after laparoscopic ovarian cautery
in eight women with PCOS who had failed to conceive
with previous clomiphene citrate therapy. All patients
were free of adhesions at the first procedure. At SLL,
periovarian adhesion was observed and treated in all
patients using the revised American Fertility Score (AFS)
[27], with no significant difference between the Inter-
ceed® and control sides. In laparoscopic ovarian cautery
for PCOS, Interceed® did not protect against adhesion
formation and was not related to pregnancy rate in this
study; however, seven of these women conceived spon-
taneously, a finding likely due to the therapeutic role of
adhesiolysis during SLL. Three years later, Saravelos and
Li [28] restudied Interceed® in 27 women with PCOS and
obtained similar results. In a study by Keckstein et al.
[29], after bilateral laparoscopic ovarian cystectomy in 25
patients for various indications, including endometrioma,
periovarian adhesiolysis, and removal of endometriosis,

Table 2. Main findings of the antiadhesive agents considered

Product Main findings

Interceed® Effective in preventing reformation of adhesions when the entire ovary was wrapped with the product after
thorough hemostasis. Efficacy was not significant when applied only to the treated surface. Proper use of
Interceed® optimizes the result

Adept® The data on Adept® are controversial: the fact that it did not show efficacy on new adhesion formation may be
due to the characteristics of the studies considered in this systematic review. In addition, in the recruited
studies, surgeons performed adhesiolysis during the first surgery, which may have influenced adhesion
reformation and contributed to the observed results

Hyalobarrier® Hyalobarrier® has been shown to significantly improve the rate of postoperative adhesions in infertile patients
with uterine myomas undergoing laparoscopic myomectomy. A significantly higher pregnancy rate at
12 months was also observed in the Hyalobarrier®-treated patient groups compared with the untreated group

NCH NCH has been shown to significantly reduce the incidence and severity of postoperative adhesions in groups of
patients undergoing laparoscopic gynecologic surgery for adhesiolysis, myomectomy, or ovarian cystectomy
and subsequently treated with NCH. In addition, the treated groups reported a significant reduction in
dysmenorrhea, dyschezia, and dyspareunia

Sepraspray® Differences are not statistically significant between the treated group and the control group

NOCC gel Differences are not statistically significant between the treated group and the control group

SprayGel® Patients treated with SprayGel® showed a 71% reduction in the frequency of new adhesion formation, 69%
reduction in the extent of adhesions, and 43% reduction in their severity

SprayShield® Differences are not statistically significant between the treated group and the control group

Actamax Patients treated with Actamax showed a 41.4% reduction in postoperative adhesion formation

Oxiplex/AP gel Patients treated with Actamax showed a 42% reduction in postoperative adhesion formation

Adhexil Differences are not statistically significant between the treated group and the control group

4DryField® PH Patients treated with 4DryField® PH showed a 53% reduction in the frequency of formation of new adhesions
and an 85% reduction in their extent and severity

NCH, new crosslinked hyaluronan; NOCC, N,O-carboxymethylchitosan.
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Interceed® was applied to the whole surface of one of the
ovaries, and the other ovary served as a control. At SLL in
17 of these patients, Interceed® proved its safety and
effectiveness in reducing the adhesion score, regardless of
the size of the cyst at the first procedure and even when
sutures were applied to the ovarian surface. Regarding its
use in uterine surgery, particularly laparoscopic my-
omectomy in 50 patients in a study conducted by Mais
et al. [30], a significant reduction in de novo adhesion
formation was observed. In effect, at SLL in all 50 patients,
cohesive adhesion (American Fertility Society – AFS
score 3) was noted only in the control group in 23% of the
patients. The majority of the adhesion in the treated
group (70%) was filmy and avascular (AFS score 1), and
none showed an AFS score of 3.

Adept®

Adept® (ML-Laboratories-PLC, Hampshire, UK) is a
postsurgical instillate consisting of 4% icodextrin that
works by keeping damaged tissues separated at the critical
time of postoperative repair and thus preventing adhe-
sion by hydroflotation. This agent is approved in Europe
and is the only one approved in the USA for use in
laparoscopy. The pilot study by diZerega et al. [31]
randomized 62 patients who underwent laparoscopic
adnexal surgery to receive either Adept® (n = 34) or
Ringer’s Lactate Solution (RLS) (n = 28) for postoperative
intraperitoneal lavage. Fifty-three patients underwent
SLL to assess the incidence, extent, and severity of ad-
hesions using the modified American Fertility Society
score (mAFS). A nonsignificant reduction in the adhesion
score and an improvement in more patients were ob-
served in the Adept® group. Brown et al. [32] conducted a
larger study to confirm the clinical efficacy and safety of
Adept®. A total of 449 patients undergoing a laparoscopic
gynecologic procedure that included adhesiolysis, with
primary diagnoses such as pelvic pain, endometriosis, and
infertility, were randomized to receive either Adept® or
RLS as a postoperative instillate. At SLL in 402 patients,
the clinical success with adhesion reduction was signif-
icantly higher in the treated group (49%) than in the
control group (38%), with a particular clinical success in
the subgroup of patients with infertility with 55% ad-
hesion reduction in the Adept® group and 33% in the RLS
group. A third study by Trew et al. [33] randomized 426
patients to receive either Adept® or RLS at the time of a
primary laparoscopic removal of myomas or endo-
metriotic cysts. At SLL in 330 patients, de novo adhesion
formation was evaluated using total mAFS and AFS site-
specific scores, and no significant difference was observed
between the two groups. This study also showed that

adhesion outcomes were influenced by the duration of
surgery (longer than 2 h), the size of incisions instead of
the number of incisions, the number of knots (six or more
knots), and blood loss exceeding 200 mL.

Hyaluronic Acid
Hyaluronic acid (HA) is a natural component of the

extracellular matrix and peritoneal fluid, and its depo-
sition around surgically treated tissues is approved for the
prevention of adhesion formation. Pellicano et al. [24]
randomized 36 women with an infertility history of more
than 3 years and symptomatic uterine fibroids under-
going laparoscopic myomectomy to either have an au-
tocrosslinked HA Hyalobarrier® gel (Anika-Therapeu-
tics, Abano Terme, Italy) applied on the injured uterine
surface (n = 18) or to the control group (n = 18). All
patients who underwent SLL showed a significantly lower
rate of postoperative adhesions using the ASRM adhesion
score system in the treated group (27.8%) than in the
control group (77.8%). These same patients were
followed-up for 12 months to assess the reproductive
outcome with ovulation induction only in the patients
who did not conceive after 6 months of follow-up [25]. A
significantly higher pregnancy rate at 12 months was
observed in the treated group (77.8%) compared to the
untreated group (38.8%). In a similar study by Mais et al.
[34], 52 patients undergoing laparoscopic myomectomy
for single or multiple subserous or intramural myomas
ranging from 20 to 50 mm were randomized to either
have autocrosslinked HA gel Hyalobarrier® coating all
uterine incisions and suture materials (n = 26) or to
surgery alone (n = 26). The results obtained were similar
to the study conducted by Pellicano et al. [24], with
significantly lower mean adhesion scores in the treated
group compared to the control group.

A recent trial in 2017 by Cheong et al. [22] randomized
30 patients undergoing laparoscopic salpingo-ovariolysis
to reconstruct the tubo-ovarian anatomy to receive
Hyalobarrier® (n = 15) or to a control group (n = 15).
Hyalobarrier® did not influence follicular development,
as shown by an evaluation of serum hormonal status,
including day two FSH and LH and day 21 progesterone,
performed prior to and after the surgery, in addition to a
follicular tracking cycle at 3 months and pregnancy rate at
the 2-year follow-up. Liu et al. [35] studied a new
crosslinked hyaluronan (NCH) gel characterized by a
higher viscosity and a gradual absorption. A total of 216
patients undergoing laparoscopic gynecologic surgery for
adhesiolysis, myomectomy, or ovarian cystectomy were
randomized to the application of NCH gel or to surgery
alone. At SLL in 196 patients, a significantly lower
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incidence and fewer sites of moderate and severe adhe-
sions were noted in the treated group in addition to lower
mAFS scores in the gel group at the studied sites. Re-
cently, in 2021, a trial by Ekin et al. [23] randomized 60
patients with dysmenorrhea, dyspareunia, chronic pelvic
pain, and infertility to either a treated group with NCH
gel or to a control group after undergoing laparoscopic
surgery for deep infiltrating endometriosis. These patients
were followed up at the third and sixth postoperative
months to evaluate the VAS, EHP-5, and SF-12 ques-
tionnaires. The trial showed, in the treated group, a
significant reduction in dysmenorrhea, dyschezia, and
dyspareunia as proven on the VAS, a significantly lower
EHP-5 score, and significantly higher SF-12 mental and
physical scores. As an analog to Seprafilm® (Genzyme,
Cambridge, MA, USA), a modified HA and carboxy-
methylcellulose designed and approved for postoperative
adhesion reduction after laparotomy, a powder of similar
composition, Sepraspray® (Genzyme) was designed for
use in laparoscopic surgeries. Fossum et al. [36] ran-
domized 41 patients undergoing laparoscopic my-
omectomy to a treated group with Sepraspray® (n = 21)
or to a control group (n = 20). These groups were similar
in terms of patient demographics and surgical modality,
including the length of surgery, uterine incisions, number
and weight of myomas, adhesiolysis time, and blood loss.
At SLL in 38 patients, adhesiolysis was performed, and
adhesions were assessed in 14 sites using the mAFS score
and showed an increase in adhesion scores in both
groups, with larger increases in the control group without
any statistical significance.

Gel-Based Agents
In a clinical trial pilot study in 2003 by Diamond et al.

[37], 34 patients underwent laparoscopic surgery. These
patients were randomized to undergo instillation of RLS
(control group) or N,O-carboxymethylchitosan gel
(treatment group), which has structural similarities to
HA. At SLL, a nonsignificant recurrence of adhesions
was noted in 61% of sites in controls and in 38% of sites
with a lower extent, severity, and grade of adhesion in
the N,O-carboxymethylchitosan group. Two sprayable
agents, SprayGel® (Confluent-Surgical Inc., Waltham,
MA, USA), approved in Europe, and SprayShield®

(Covidien, Waltham, MA, USA), consisting of poly-
ethylene glycol, were studied. They form a biocom-
patible, absorbable hydrogel when applied and therefore
separate damaged surfaces. In a trial in 2003 by Johns
et al. [38], after optimal surgical treatment in a lapa-
roscopic ovarian surgery conducted in 14 patients, one
adnexa was randomized to the treated group with

SprayGel® and the second adnexa to the control
group. At SLL in all patients, a statistically significant
reduction in the frequency (71% reduction), extent (69%
reduction), and severity (43% reduction) of adhesions
was observed on the treatment side compared with the
control side. The second agent, SprayShield®, was
studied in 2014 by Tchartchian et al. [39]. Fifteen pa-
tients undergoing laparoscopic myomectomy were
randomized to have SprayShield® applied to all uterine
suture lines (n = 9) or to the control group (n = 6). At
SLL in 13 of these patients, no significant differences
were found between the two study groups regarding the
incidence, extent, and severity of adhesion formation. In
2017, Trew et al. [40] studied another sprayable de-
gradable hydrogel adhesion barrier, Actamax® (Surgi-
cal-Materials LLC, Wilmington, DE, USA). In their trial,
a total of 78 patients undergoing laparoscopic gyneco-
logic abdominopelvic surgery were randomized to either
have Actamax® sprayed over all sites of surgical trauma
(n = 47) or to surgery alone (n = 31). At SLL in 74
patients, there was a 41.4% reduction in postoperative
adhesion development in terms of the incidence, se-
verity, extent, and adhesion score, particularly following
myomectomy, where a 49.5% reduction was observed. In
2005, Lundorff et al. [41] conducted the first clinical trial
evaluating Oxiplex/AP gel, a viscoelastic gel composed
of polyethylene oxide and carboxymethylcellulose.
Forty-nine patients undergoing laparoscopic surgery for
adhesiolysis or removal of endometriosis were ran-
domized to either have Oxiplex/AP gel applied to their
adnexa or to a control group. At SLL in all patients, the
extent and severity of adhesion involving the fallopian
tubes and ovaries were evaluated using the AFS score.
There was a significant increase in the mean adnexal
adhesion score from 8.8 to 15.8 in the control adnexa
and a significant decrease from 11.9 to 9.1 in the treated
adnexa with a 42% reduction in second-look AFS scores.
Additionally, the majority (93%) of the treated adnexa
did not have a worse adhesion score compared to more
than half (56%) of the control adnexa that had a worse
adhesion score. In the same year, a pilot study by Young
et al. [42] randomized 28 patients with pelvic adhesions,
tubal occlusion, endometriosis, or dermoid cysts un-
dergoing laparoscopic surgery for at least one of the
adnexa to a treatment group (18 patients, 19 adnexa)
with Oxiplex/AP gel applied to all areas susceptible to
adhesions or to a control group (10 patients, 18 adnexa)
with surgery alone. The mean baseline AFS score for
each group was 8. At SLL in all except for 1 of the
patients, treated adnexa maintained the same mean
score (8.1) in opposition to the control group, where the
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score increased to 11.6. Additionally, 34% of the treated
adnexa and 67% of the control adnexa had an increase in
their adhesion score, thus implying a 32% reduction in
adhesion formation with the use of the Oxiplex/AP gel.
Later, in 2007, a trial by diZerega et al. [43] randomized
37 patients undergoing laparoscopic surgical treatment
for endometriosis to a treatment group with Oxiplex/AP
gel (20 patients, 35 adnexa) or to a control group with
surgery alone (17 patients, 30 adnexa). At SLL in all
patients, adnexal adhesions were evaluated using the
AFS score. Adnexal adhesion formation was signifi-
cantly reduced in the treated group compared with the
control group.

Adhexil
Minimizing bleeding and enhancing the degradation

of the fibrinous mass are among the factors that minimize
adhesion development. Adhexil is an adhesion preven-
tion kit consisting mainly of thrombin and fibrinogen
that, when sprayed or dripped, forms a stable fibrin clot
that serves as a hemostatic agent and as a barrier between
the treated tissues. In a pilot trial by Diamond et al. in
2011 [44], 17 women with bilateral ovarian disease and
adhesions underwent laparoscopic procedure and ad-
hesiolysis. One ovary was treated with Adhexil, and the
contralateral ovary served as the untreated control. Six-
teen patients underwent SLL to evaluate the incidence,
extent, and severity of adhesions. There was a nonsig-
nificant improvement in adhesion incidence (50%
adhesion-free ovaries) and in the mean AFS score (from
6.4 to 4.6) in the treated group compared to the control
group (31% adhesion-free ovaries and a mean AFS score
from 5.6 to 7.1).

4DryField® PH
In 2021, a recent antiadhesive agent was tested in a trial

by Kramer et al. [45]. It consists of a starch-based powder
that forms a gel after irrigation with saline solution. This
gel separates treated surgical sites to prevent adhesion
formation. Fifty patients underwent laparoscopic surgical
treatment for deep infiltrating endometriosis or extensive
peritoneal or ovarian endometriosis and were random-
ized to a treated group (n = 25) with 4DryField® PH
(PlantTec Medical, Lu€neburg, Germany) applied on all
surgically affected areas or to a control group (n = 25)
with only saline solution applied. All patients underwent
SLL to evaluate the incidence, extent, and severity of
adhesions using the AFS score. A significant reduction of
85% in the severity and extent of adhesions was observed
in the treated group (mean total score 2.2) compared to
the control group (mean total score 12.2). Additionally,

there was a significant reduction of 53% in the incidence
of adhesion formation in the treated group (mean 1.1 site)
compared to the control group (mean 2.3 sites).

Discussion

The spectrum of symptomatology due to postsurgical
peritoneal adhesions can be wide: they can remain silent
and cause no symptoms or cause clinically evident
complications, such as bowel obstruction, female infer-
tility, chronic pelvic pain, or, in the case of reintervention,
can increase the difficulty of performing the surgery.
Postsurgical adhesions are well recognized as a cause of
female infertility. Adhesions have been found in ap-
proximately 20–30% of infertile women, and after sur-
gical adhesiolysis, there has been a marked increase in the
cumulative pregnancy rate [46]. The causes contributing
to the development of postsurgical adhesions are nu-
merous and seem largely dependent on the peritoneal
reaction due to surgical stress and induction of pneu-
moperitoneum. Locally, pneumoperitoneum, by altering
the peritoneal microcirculation [47] and peritoneal fluid,
modulates the local immune system and inflammatory
response [48] resulting in inhibition of the peritoneal
plasma system, leading to peritoneal hypofibrinolysis.
Peritoneal damage, whether due to surgical stress,
pneumoperitoneum, or other conditions such as infec-
tion, initiates an inflammatory reaction that, as a result of
activation of the coagulation cascade, increases the
number of cells and proteins in the peritoneal fluid,
generating a fibrinous exudate that is deposited on its
surface [49]. Within the exudate, macrophages, poly-
morphonucleates, fibroblasts, and mesothelial cells mi-
grate and proliferate. These cells release a number of
substances, including cytokines and growth factors,
components of the plasminogen system, arachidonic acid
metabolites, and reactive oxygen species, which modulate
the peritoneal healing process and are proponents of
adhesion formation [50]. To allow complete restoration
of the surgery-damaged peritoneum, the fibrinous exu-
date must be degraded [51]. This degradation occurs
through the plasminogen system, the main activator of
which is tissue-type serine protease, expressed mainly in
macrophages but also in mesothelial cells. Therefore, in
the presence of fibrin exudate, because a considerable
number of cells expressing tissue-type serine protease are
found in its context, the rate of plasminogen activation is
greatly increased. The balance between fibrin deposition
and degradation is key in determining normal peritoneal
healing or adhesion formation. When fibrin is completely
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degraded, normal peritoneal healing is achieved. Con-
versely, if fibrin is not completely degraded, it will serve as
a scaffold for fibroblasts and capillary growth, and
therefore adhesions will form. The peritoneal microen-
vironment, of which the cells of the immune system are
major players, is therefore of paramount importance in
determining whether or not proper healing occurs.

Evaluation of antiadhesive agents should be accom-
plished after proper surgical techniques, including
complete hemostasis and removal of excess peritoneal
fluid. Additionally, careful attention should be given to
technical details to apply the agent through the operating
channel in accordance with its nature to allow optimal
coverage of the surgical sites. To achieve an adequate
evaluation of the agent, a trial should be conducted on a
proper sample size with an extended clinical follow-up. In
the reported studies, this bias was reduced by either using
a product similar in appearance or by reviewing recorded
surgeries after omitting the application of the agent.
Interceed® showed its efficacy on adhesion reformation
when the whole ovary was wrapped after careful he-
mostasis. The efficacy was not significant when it was
only applied to the treated surface. This proves that
proper use of the substance optimizes the outcome.
Adept® showed at first apparent but not significant
improvement due to small groups and to more severe
baseline condition in the treated group. In further studies,
larger populations were allowed to demonstrate clinical
success in reducing adhesion reformation. As observed
with Interceed®, Adept® did not show efficacy on de novo
adhesion formation. This is probably influenced by other
factors, such as the duration of surgery, the number of
knots, incision characteristics, and blood loss. Addi-
tionally, during the first surgery, surgeons performed
adhesiolysis that could have impacted adhesion refor-
mation and contributed to the observed results.

HA had various forms of application, such as spray and
gel, that were easier to apply in laparoscopic surgeries.
Additional clinical endpoints, such as pregnancy rate,
serum hormonal status, and quality of life questionnaire,
were evaluated, which are important for appreciating the
fertility aspects of using antiadhesive agents. Gel agents
have the advantage of the facility of application and a
better precision in coverage with a better ability to
conserve the site of application. This also reduces the
operating time, which contributes indirectly to adhesion
reduction.

Adhesions are regrettable postoperative complications
with major economic and medical impacts, leading to
serious consequences. Surgeons, particularly the first

operating surgeon, must apprehend the burden of the
problem to actively help prevent it by practicing anti-
adhesive measures.

Gold standard for antiadhesive measures remains
meticulous surgical techniques that should be adopted by
all surgeons. The laparoscopic approach has been shown
to cause less postoperative adhesion formation than
laparotomy and should be preferred, particularly in gy-
necologic surgeries where adhesions contribute largely to
infertility. Antiadhesive agents are now available, and
surgeons should consider their application to help reduce
adhesion formation and thus their undesirable conse-
quences. Further studies are nonetheless still needed to
confirm their impact on the reproductive outcome and to
implement clear guidelines of their application per-
operatively.
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