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19.1 Epidemiology

The SCAR study (Surgical and Clinical
Adhesion Research Study) from 1999 was the
first study to verify the extent of problems after
open surgery in terms of adhesions. This Scottish
database showed that about one-third of almost
30,000 patients who underwent open surgery
were readmitted a mean of 2.1 times for compli-
cations related to adhesions over a 10-year
period. Of all readmissions, 22 % occurred
within the first year, but the readmissions contin-
ued over the next 10 years of the study period.
So adhesions are a consequence of an iatrogenic
disease (Ellis et al. 1999).

The SCAR-2 study revealed the overall extent
of adhesion-related readmissions following open
and laparoscopic gynecological procedures. In
this study, it was shown that certain surgical sites
are associated with increased risk of adhesions.
Also, that adhesion formation results in a large
number of readmissions following both open
surgery as well as laparoscopy and that risk for
adhesion formation and related complications
can be seen many years after the surgical
procedure (Hawthorn et al. 2003).

19.2 Clinical Aspects
Adhesions develop as a response to a trauma to

the peritoneum. This trauma can be induced
either after inflammation or after surgery.
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Concomitant factors to increase risk of develop-
ing adhesions are inflammation, abrasion, desic-
cation, ischemia, heat, light, electrocautery, and
suturing. Furthermore, bleeding and leaking of
plasma proteins can lead to fibrin deposits and
concomitant adhesion formation.

Adhesions can have serious consequences as
bowel obstruction (Menzies 1993), chronic pel-
vic pain (Duffy and diZerega 1996), and fertility-
related adhesions (Hershlag et al. 1991). It has
been shown that the vast majority of small bowel
obstructions are related to adhesions, 40 % of
patients with chronic pelvic pain are related to
adhesions, and 15-20 % of women with second-
ary infertility are adhesion related (Menzies et al.
2001). Adhesions make reoperation more diffi-
cult and may increase complication rate (Coleman
et al. 2000). Operating time may be prolonged
and risk of bowel or bladder injury may increase.
Each additional laparotomy induces de novo
adhesion and thereby increases the risk of enter-
ostomy at future surgery.

Some operative procedures are related with
greater risk of adhesion developing and conse-
quently reoperation.

In ovarian surgery, 75 of 100 procedures will
be readmitted during the first year (Lower et al.
2000), and in myomectomy, 41 of 100 proce-
dures will be readmitted during the first year
(Dubuisson et al. 1998).

19.3 Economy

Readmissions due to adhesion-related complica-
tions have a major impact on healthcare, and in UK,
bed stay for these women represents 2 % of the
total bed occupancy per year (Mentiez et al. 2001).
The costs of all UK hospital readmissions involved
treatment with adhesiolysis are estimated at about
24 million pounds 1 year after surgery and about 95
million pounds 10 years after surgery (Wilson et al.
2002).

To reduce these costs, surgeons should focus
upon the surgical procedures with optimizing the
techniques and further apply adhesion-preventing
adjuvants available for the management and
prevention of adhesions.
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19.4 Adhesion Prevention
19.4.1 Surgical Techniques

A number of adhesion prevention strategies and
techniques were reviewed in 1997 by Risberg,
and among these, two strategies were identified
(1) good surgical technique and (2) use of antiad-
hesive adjuvants.

As to good surgical techniques, several factors
have been highlighted to illustrate the relation-
ship between adhesion formation and surgery.

First of all, laparoscopy rather than laparotomy is
associated with less postoperative adhesions (Mais
et al. 1996). In a randomized trial by Lundorff et al.
(1991), surgery for ectopic pregnancy by laparot-
omy showed a significant larger proportions of post-
operative adhesions compared with laparoscopy
revealed at second-look surgery few months later.

Careful surgical techniques can minimize fac-
tors that increase risk for adhesion formation.
Well-known factors are ischemia, infection, or
serosal trauma associated with increased adhe-
sion formation due to decreased fibrinolytic
activity during the postoperative 3—5 days. These
factors include traction of the peritoneum, drying
of the serosal surface, excessive use of suturing
material, or retention of blood clots. The result is
increased fibroblast activity with formation of
adhesions (Ellis 1971).

Molinas et al. have demonstrated that the use
of carbon dioxide (CO,) during laparoscopic sur-
gery can cause peritoneal hypoxia and thus induce
respiratory acidosis leading to metabolic acidosis
and metabolic hypoxia (Molinas et al. 2004).

High peritoneal temperature and the use of dry
gases can be potential cofactors in adhesion for-
mation, and hypothermia can reduce the toxic
effects of hypoxia in mice.

Furthermore, the use of humidified gases has
been demonstrated to minimize adhesion forma-
tion induced by desiccation. So the combination
of controlled intraperitoneal cooling with a rigor-
ous prevention of desiccation can be important
for adhesion prevention (Binda et al. 2004);
(Binda et al. 2006).

Other animal studies have demonstrated
that the addition of 3 % oxygen to the CO,
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pneumoperitoneum further decreases adhesion
formation (Elkelani et al. 2004).

Further improvement in adhesion prevention
during surgery should always be based upon the
use of good surgical techniques, using newly
developed instruments, based on the basic prin-
ciples of microsurgery, liberal irrigation of the
abdominal cavity and may be installation of large
amount of Ringer’s lactate or saline at the end of
the surgical procedure (Tulandi 1997).

19.4.2 Antiadhesive Adjuvants

A number of antiadhesive adjuvants are increas-
ingly available, and especially in high-risk proce-
dures, precautions should be taken.

Procedures at high risk for developing postop-
erative adhesions are as follows:
e Ovarian surgery
* Endometriosis surgery
» Tubal surgery
* Myomectomy
¢ Adhesiolysis

Several agents have been tested to decrease
adhesion formation after surgery.

19.4.3 Anti-inflammatory Drugs

NSAIDs interferes the postsurgical inflammatory
response by affecting the metabolism of arachi-
donic acid, prostaglandins, and thromboxane.
Animal studies have shown that NSAIDs admin-
istered intraperitoneally are effective, yet not
proven in clinical studies. In an animal model,
the agents must be administered continuously for
2-3 days with a miniosmotic pump to be efficient
(Gomel et al. 1996).

However, there is no significant evidence from
any published study to recommend their use in
humans (Wiseman 1994).

19.4.3.1 Corticosteroids

Immunosuppression and prolonged healing of
wound are the backgrounds for using corticoste-
roids. Older studies show mixed results and are
difficult to interpret, as it is often used parallel

with antihistamine. Serious side effects minimize
the use for the prevention of adhesions (Swolin
1967; Querleu et al. 1989).

As a conclusion, corticosteroids show poor
efficacy, delayed wound healing, do not remain
in the body during the process of wound healing
(4-5 days).

19.4.4 Fibrinolytics

It has been hypothesized that an imbalance
between fibrin-forming and fibrin-dissolving
activities in the peritoneum is a major pathoge-
netic factor in adhesion formation in animals
(diZerega and Campeau 2001).

Fibrinolytic agents act by reducing the fibrin-
ous mass directly and indirectly by stimulating
the plasminogen activator (PA) activity and
thereby have been suggested to reduce adhesion
formation (Hellebrekers et al. 2000).

Studies to reveal safety and side effects are
still awaiting.

19.4.5 Anticoagulants

In animal studies, heparin has been widely used
for the purpose of adhesion prevention.
Nevertheless, no study has been able to demon-
strate reduced adhesion formation when heparin
was administered alone or in combination with
other agents such as Interceed TC7 barrier
(Jansen 1988; Reid et al. 1997).

Furthermore, compared to Ringer’s lactate no
significant reduction in adhesion formation was
found (Fayez and Schneider 1987).

19.4.6 Barriers Adjuvants

19.4.6.1 Preclude and Seprafilm

Preclude Peritoneal membrane (Goretex) 0.1-mm
thin membrane consisting of polytetrafluorethyl-
ene. The microporous structure inhibits the
ingrowth of cells and thus convenient as a barrier
method. It is not absorbed and gives no inflam-
matory response. Not easy to handle, should be
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sutures in place, and removed later. Studies show
reduction of de novo adhesions as well as
reformation of adhesions (Goldberg et al. 1987;
The Surgical Membrane Study Group 1991).

19.4.6.2 Seprafilmll

Is a derivate of hyaluronic acid and carboxy-
methylcellulose. The membrane separates the
injured surfaces during the first day of wound
healing and is resorbed within 7 days. Promising
results have been described (Diamond 1996;
Becker et al. 1996).

19.4.6.3 Interceed

Interceed (Gynecare, Johnson & Johnson) is an
oxidized regenerated cellulose woven into a
special net. When the net has been applied to the
peritoneal surface, it adheres without sutures and
turns into a gel within few hours, thus serving as
a barrier between two surfaces. It has been shown
to reduce adhesion formation, both in animal
studies and in human studies (Marana et al. 1997,
Franklin 1995).

The efficacy of Interceed is reduced in an
environment of blood and liquid and is only
effective when a good hemostasis has been
obtained.

Several clinical studies have demonstrated the
positive effect of Interceed [Sekiba 1992; Nordic
Adhesion Prevention Study Group 1995; Interceed
(TC7) Adhesion Barrier Study Group II 1993;
Adhesion (TC7) Barrier Study Group 1989].

19.4.6.4 Spray Gel (Confluent Surgical,
Waltham, MA, USA)

Is a solid polymer, acting as an adhesion barrier.
It consists of two synthetic liquid precursors that
rapidly cross-link to form an absorbable, flexible
hydrogel, when it is applied and mixed during
laparoscopy. No reports so far have shown evi-
dence that there is decreased adhesion formation
using Spray Gel Specialist equipment and tech-
nique (Dunn et al. 2001; Mettler et al. 2004).

19.4.6.5 Oxiplex/AP Gel (FzioMed,

San Louis Obispo, CA, USA)
Is a viscoelastic gel composed of polyethylene
oxide and carboxymethyl cellulose stabilized
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with calcium chloride. Preclinical studies were
encouraging (Berg et al. 2003).

In a randomized multicenter European trial,
the results concluded that the viscoelastic gel
significantly reduced adnexal adhesions in
patients undergoing gynecologic laparoscopic
surgery (Lundorff et al. 2005).

Furthermore, another prospective randomized
trial evaluated efficacy of Oxiplex/QP gel and
could conclude that the gel was easy to use, safe,
and reduce adhesion scores (Young et al. 2005).

Recently approved as site-specific agent.

19.4.6.6 Crystalloids (LRS)
Rapidly reabsorbed, ineffective in reducing
adhesions.

Crystalloids, including saline solution and
Ringers acetate solution, have been widely used
to minimize the risk of postoperative adhesion
formation. Yet, no significant improvement can
be shown in clinical studies (diZerega 1994;
Gomel et al. 1996).

As peritoneal healing takes place within 5-7
days after surgery, crystalloids are absorbed
long ago. The peritoneal surface absorbs
15-30 ml of crystalloids per hour, so even if
you leave 1 1 of crystalloids, it will be absorbed
within 24 h.

19.4.6.7 Hyscon

Hyscon is a 32 % solution of Dextran 70. It cre-
ates an osmotic gradient in the peritoneal cav-
ity, producing transient ascites. Adverse results,
and serious side effects such as anaphylaxis,
coagulopathy and vulvar edema have disquali-
fied the agent (Adhesion Study Group 1983).

19.4.6.8 lcodextrin
(Adept, Baxter, USA)

Is a glucose polymer of high molecular weight,
rapidly metabolized to glucose but slowly
absorbed by the peritoneal cavity. Because the
4 % Icodextrin solution has a longer resorption
time from the peritoneal cavity (>4 days) com-
pared to crystalloids, it will give the internal
organs a longer hydroflotation time and thereby
theoretical a better adhesion protection after
surgery.
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Animal studies have shown a decreased
reformation of adhesions and decreased de novo
adhesion formation postoperatively after irriga-
tion with Icodextrin 4 % (Verco et al. 2000).

A randomized pilot study and later a clinical
trial have confirmed these observations (diZerega
et al. 2002; Brown et al. 2007).

Geneva study (Gynaecological ENdoscopic
EValuation of Adept), a double-blind randomized
study with 25 European centers enrolling patients
to assess the safety and efficacy of Adept com-
pared with lactated ringers solution when used as
an intraoperative irrigation solution. Safety of
Adept was confirmed, but overall there was no
evidence of clinical effect (Trew et al. 2011).

19.4.7 Hyaloronic Acid

Hyaluronan (HA) is a naturally occurring com-
ponent of the extracellular matrix and peritoneal
fluid that has received much attention because of
its possible application as an adhesion—preven-
tion adjuvant in a variety of surgical procedures.
Indeed, several authors in different experimental
and clinical settings have proposed that deposi-
tion of HA around surgically treated tissues
reduces postoperative adhesion formation (Chen
and Abatangelo 1999). Moreover, native HA has
a high degree of biocompatibility and a favorable
safety profile (Laurent and Fraser 1992).

19.4.8 Hyalobarrier

A highly viscous gel of HA derivatives obtained
through an autocross-linking process that does
not introduce foreign bridge molecules, namely
Hyalobarrier®, has recently been developed. The
autocross-linked polymer is an inter and intramo-
lecular ester of HA in which a proportion of the
carboxyl groups are esterified with hydroxyl
groups belonging to the same and/or different
molecules of the polysaccharide, thus forming a
mixture of lactones and intermolecular ester
bonds. The level of cross-linking can be varied by
modulating the reaction conditions. The absence
of foreign bridge molecules ensures the release
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of native HA only during degradation, while the
autocross-linking process improves the visco-
elastic properties of the gel compared with
unmodified HA solutions of the same molecular
weight (Renier et al. 2005).

Preclinical trials in animal models have shown
that Hyalobarrier® gel reduces the incidence and
severity of postoperative adhesions (Belluco
et al. 2001; Pucciarelli et al. 2003; Mais et al.
2006).

Moreover, preliminary clinical studies in hys-
teroscopic surgery as well as laparotomic and
laparoscopic myomectomy have suggested that
Hyalobarrier® gel may reduce the incidence and
severity of postoperative adhesions in pelvic sur-
gery (Pellicano et al. 2003; Guida et al. 2004)
with improvement in the pregnancy rate in infer-
tile patients who were submitted to laparoscopic
myomectomy (Pellicano et al. 2005).

For a clinical point of view, recommendations
for the use of antiadhesion agents can be sum-
marized as:

Site-specific agent (Intercoat, Interceed,
Hyalobarrier), to be used preferably in connec-
tion with:

e Ovarian surgery

e Tubal surgery

* Minor endometriotic lesions
¢ Myomectomy

Nonsite-specific agent (Adept), to be used
preferably in connection with:

* Major endometriosis surgery
¢ Adhesiolysis
* Myomectomy
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