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Abstract
Postoperative Abdominal Adhesions (PAA) are a condition that occurs in more than 90% of
patients undergoing abdomen surgery, they can cause chronic abdominal pain, female infertility
and repeated bowel obstruction, requiring repetitive surgical interventions causing morbidity
and mortality, as well as high costs. The formation of the PAA is due to an imbalance between
the fibrinogénesis and fibrinolysis in favor of the first, associated with tissue hypoxia secondary
to aggression of the peritoneum, also due to the own inflammatory response and the increase in
the population of adhesion fibroblasts which inhibit the degradation of the extracellular matrix
and facilitate mature collagen and supporting connective tissue. The prevention of adhesions
will decrease secondary complications, as well as hospitalizations, unnecessary surgeries and
consequently, cost containment.
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Abdominal adhesions are vascularized and innervated connective tissue bridges formed
randomly between the peritoneum, the intestinal bowels and the abdominal wall [1]. Reports
indicate that after surgery intra-abdominal adhesions can lead to surgical re-intervention, chronic
abdominal pain, intestinal obstruction and infertility in women [2-4]. It has also been reported, that
up to 93% of patients who have had one or more previous surgeries develop abdominal adhesions
[5], while up to 15% to 20% of female infertility occurs as result of post-surgical adhesions [4]. The
importance of understanding the pathogenesis of the Postoperative Abdominal Adhesions (PAA)
is to found possible prevention methods in its formation by intervening in the different moments
during the formation of adhesions, as well as recognize the proteins that will be useful as markers in
the monitoring of formation of adhesions during experimental studies on different models.
PAA are the result of tissue injury, likely to occur by the injury of an incision, electrocoagulation
trauma and sutures, or by foreign bodies damaging the parietal and visceral peritoneum, which
reacts forming abundant aberrant peritoneal healing and scars [6,7]. After injury of the mesothelial
cells, a release of vasoactive substances and kinins occurs mainly by the mast cells acting at the site
of the injury, leading to vasodilation and increase of vascular permeability, which forms a fibrinrich exudates [6,8-10]. During the normal repair of peritoneum, the initial morphological reaction
of the serosa occurs within the first 12 hours, appearing as a dense layer of fibrin, densely infiltrated
with polymorphonuclear leukocytes; between 24-36 hours, the major cellular component is that
of macrophages that are observed laying over a fibrin layer; additionally, mesothelial cells can be
seen buried within the deep regions of the lesion. During the 5th day, when the process of repair is
partially completed, it shows a simple layer of mesothelial cells. However, it is up to the 8th day when
injured segments appeared covered by one characteristic monolayer of mesothelial cells, firmly
attached to the basal membrane [7,8,10]. These would be the morphological changes of the damaged
peritoneum, and are given by the activation or inhibition of repair complex proteins.
The Fibrin, present in this first reparation “soup” then is the end-result of the coagulation
cascade process that forms deposits, while there is a concomitant proliferation of fibroblasts
responsible for the formation of an Extracellular Matrix (ECM) and collagen, which favours the
formation of scar tissue translating into true adhesions. Subsequently, an increase of the expression
of the Vascular Endothelial Growth Factor (VEGF) occurs, leading to endothelial cell proliferation
and late formation of vascular structures within adhesions [8,10]. The Extracellular Matrix (ECM)
is the forerunner of connective tissue repair, consisting mainly of fusiform fibroblasts, mature
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Table 1: Main factors of growth (GF) involved in the repair of the peritoneum.
FC

Name

Origin

Action

EGF

Epidermal GF

Macrophages, epithelial cells and platelets

TGF-α

Transforming GF-alfa

Macrophages, neutrophils and platelets

FGF

Fibroblastic

Macrophages and epithelial cells

TGF-β

Transforming GF-beta

Macrophages and platelets

PDGF

Platelets Derived GF

Platelets, macrophages, fibroblasts and
endothelial cells

SP

Tachykinin Substance P

Macrophages, platelets and neutrophils

Fibroblasts migration (Chemotaxis)
Stimulate angiogenesis and migration of neutrophils, macrophages and
fibroblasts to Extracellular Matrix (ECM)
Stimulate fibroblasts proliferation and its chemotaxis toExtracellular Matrix
(ECM)
Vasodilation, chemotaxis, fibroblasts activation and production of proinflammatory interleukins

collagen synthesized by fibroblasts, fibrin and fibronectin (supporting
tissue). The activation of fibroblasts to synthesize collagen and
fibronectin, as well as their migration to the MEC is given by growth
factors synthesized by platelets, polymorphonuclear cells, damaged
endothelial cells and macrophages (Table 1).

formation of postoperative abdominal adhesions, its genesis can be
summarized as the end-result of an imbalance between the process
of fibrogenesis and fibrinolysis, enhanced in this case by the first
response associated to tissular hypoxia, secondary to mesothelial
damage, inflammatory responses of the injured tissue, and an increase
of the population of adhesion fibroblasts, inhibiting the degradation
of extracellular matrix.

It has been demonstrated that fibroblasts originating from tissue
adhesions have a different phenotype when compared to normal
fibroblasts found within the peritoneal tissue [4]; such transformation
of phenotype has been related to tissular hypoxia, while fibroblasts
adhesion determine an increase in the mRNA expression of
collagen I, fibronectin, metalloproteinase-1, Tissue Inhibitors of
Metalloproteinases (TIMP-1), Tissue Growth Factor TGF-beta1,
Cyclooxygenase-2 (COX-2) and IL-10, all these proteins are in favor
to formation of adhesions acting at different times (Figure 1).

In this phenomenon of adhesion formation, experimental studies
must focus on the different steps of the coagulation cascade to try
to reduce the formation of fibrin and its organization as well as the
maturation of collagen and its degradation, can also take part in
the steps involved in the process of inflammation: vasodilation and
increased permeability decreasing concentrations of fibrin and their
precursors or through the inhibition of COX-2, in encourage the
action of plasminogen activators, as well as prevent the formation or
action of inhibitors of plasminogen activation factors.

COX-2 is an enzyme that regulates the inflammatory processes
of angiogenesis on the formation of post-surgical adhesions. In
the presence of tissular hypoxia and/or fibroblasts adhesion, the
expression of COX-2 increases [8]. During the formation of dense
postoperative adhesions, the fibrinolytic system plays a pivotal role
to degrade fibrin formed at the site of injury by conversion of the
plasminogen into plasmin, ultimately responsible to degrade fibrin.
The conversion of plasminogen into plasmin is determined by the
tissue Plasminogen Activator (tPA) and activator type urokinase
(uPA) [1,6,8-11]; both are expressed by the complex of the endothelial
and mesothelial cells, macrophages and fibroblasts.

Prevention
Numerous strategies have been devised in the search of methods
aimed to decrease the formation of Postoperative Peritoneal
Adhesions (PPA), mostly based on specific data related to the
pathophysiologic origin of adhesions. Among various approaches are
[3,12]:
The surgical technique
Atraumatic handling of delicate tissue is critical during surgery
to avoid damage to serous membranes and decrease the fibrinolytic
activity and local hypoxia [2]. There are two basic principles aimed
to prevent the formation of adhesions: avoid incisions on highly
vascularized tissues (e.g. muscle) and minimize the extent of the
surgical trauma, including the abuse of electrocoagulation [13].

It has been observed that the peritoneal cavity tPA has been
shown to be responsible for up to 95% of the plasminogen activation
and fibrin degradation [1,6], whereas uPA plays a more important
role during tissue remodeling, because it acts degrading pericellular
matrix components. Further, plasminogen activation is inhibited
by the inhibitory factor of plasminogen activator 1 and 2 (PAI-1
and 2), although the PAI-1 glycoprotein elicits a superior inhibitory
activity. Both, PAI-1 and PAI-2, are produced by the endothelial, and
mesothelial cells, monocytes, fibroblasts and macrophages. PAI-1 is
considered an important factor associated to the pathophysiology
of adhesions, finding its high maximum concentrations in patients
suffering peritoneal adhesions [1].

The specialists of microsurgery have agree that handling soft
tissues using surgical gloves is less traumatic than the contact with
surgical instruments; however, electron microscopy reports indicate
that both can induce significant damage to serous membranes [2].
In animal models, it has been recorded that the duration of surgery
and the perioperative bleeding increases their predisposition of
form PAA, concluding the existence of a direct effect over tissular
damage induced by careless tissue maneuvers and mishandling, but
related also to the duration of surgery [14]. Most studies concur that
laparoscopy drastically reduces post-operative adhesion formation
when compared to laparotomy [3,15-17].

On the other hand, in normal fibroblasts the common radius
of tPA/PAI-1 is 80% higher than in adhesion fibroblasts, esteeming
fibrinolysis. During a hypoxic event the tPA/PAI-1 radius decreases
up to 90% in normal fibroblasts, while a critical decrease is observed
by the presence of fibroblasts adhesion (98%) [8]. Thus, tissue hypoxia
favors the conversion of adhesion fibroblasts, inducing the release
of markers of inflammation that culminates in the development of
postoperative adhesions.

Pharmacologic prophylaxis
NSAIDs drogas inhibit COX-1 and COX-2, preventing thus
the síntesis of prostaglandins and thromboxanes [2]. Most animal
studies have agreed that the use of NSAIDs decreases the formation
of surgical adhesions. In rats for example, a selective COX-2 inhibitor

Considering how complex are the mechanisms that trigger the
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Figure 1: Postoperative abdominal adhesion formation start with the peritoneum injury followed by an inflammatory response associated with the activation of the
coagulation cascade favoring the excessive formation of fibrin deposits that will be support of fibrous tissue repair.

administered IP reduced peritoneal adhesion formation [18-20].

peritoneal inflammatory reaction and the formation of adhesions
[24,25]. In addition, Low Molecular Weight Heparin (LMWH)
showed to decrease adhesion formation in animal models when
applied intraperitoneal and subcutaneously [2,26].

Furthermore, when comparing selective COX-2 inhibitors
(Nimesulide, celecoxib and parecoxib) and their respective effects
under intraperitoneal or intramuscular injection, they showed a
reduction in the formation of surgical adhesions [21-23]; although
no significant difference related to their site of administration was
reported. Pharmacological agents such as NSAIDs have shown to
prevent the appearance of postsurgical adhesions in various animal
models; however, there is no significant evidence nor publications
recommending its use for human beings [13,21].

Other therapies
Alternative therapies have been tested to avoid adhesion to
a mechanical barrier, that in terms of an ideal response should be
non-reactive, bio absorbable, easy to use and endure complex
recovery phases [18]. Among the liquid mechanical barriers,
the most commonly used is dextran 70 (hypertonic solution).
Nevertheless, its use has been abandoned because it does not show
sufficient clinical efficacy [1,12], while among the solid mechanical
barriers the most representative include the polyethylene glycol
(SparyGel®), the sheet of oxidized regenerated cellulose (Interceed®)
and carboxymethylcellulose associated with Sodium hyaluronate
(Seprafilm®); both drugs approved by the FDA in the US.

The heparin is a glycosaminoglycan acid-anionic acid that binds
to anti thrombin-III (AT-III) to form the complex heparin-ATIII, inhibiting the activation of factors of coagulation IX, X, XI and
XII preventing the formation of fibrin. A study in laboratory rats,
demonstrated that the administration of heparin combined with
carboxymethylcellulose at different doses resulted effective and safe
(62.5 IU, 125 IU and 250 IU), obtaining the best results when the
highest dose of heparin was applied [16].

These barriers have been primarily employed for gynecological
and pelvic surgery, and although they have shown some efficacy to
decrease the degree, severity or extension of PAA between the bowel
and abdominal wall loops, they have not prevented their formation
in all cases [2,27]. In addition, it has been seen that it can inflict
significant damage to the anastomosis and therefore its use is not
recommended in such cases [1,28]. A reduced degree of efficiency has
been found using liquid barriers and gel [12].

Furthermore, the optimal dose needed to limit the formation of
adhesions still poorly understood and therefore it becomes necessary
to identify an effective dose for the prevention and formation of
adhesions, without increasing the risk of bleeding. Experiments in
murine models subjected to surgical manipulation and subsequent
peritoneal lavage with heparin, concluded that heparin decreased the
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advances in prevention and management. Dig Surg. 2001;18(4):260-73.
5. Menzies D, Ellies H. Intestinal obstruction from adhesion: How big is the
problem? Ann R Coll Surg Engl. 1990;72(1):60-3.

Glucocorticoids have been also studied alone or in conjunction
with antihistamines; it is known that the former decreases the
inflammatory response, while antihistamines inhibit the proliferation
of fibroblasts [2,9]. No significant benefit has been found with the use
of glucocorticoids (intravenous, enteric or intraperitoneal) to avoid
the formation of real adhesions [9], which in addition have elicited
adverse effects such as immunosuppression and delayed wound
repair [2].

6. Maciver A, McCall M, Shaphiro J. Intra-abdominal adhesion: cellular
mechanisms and strategies for prevention. Int J Surg. 2011;9(8):589-94.
7. Werner M, Galecio J, Bustamante H. Adherencias abdominales
postquirúrgicas en equinos: patofisiología, prevención y tratamiento. Arch
Med Vet. 2009;41:1-15.
8. Butureanu SA, Butureanu TA. Pathophysiology of adhesions. Chirurgia
(Bucur). 2014;109(3):293-8.

The prophylactic use of antibiotics against infection and in turn
diminishing postoperative adhesions is common, under the principle
that by decreasing intraperitoneal infection and inflammation it can
lead to less adhesion formation. According to Sortini et al. [22] the
intraperitoneal instillation of antibiotics promoted the formation of
adhesions.

9. Pados G, Venetis CA, Almaloglou K, Tarlatzis BC. Prevention of intraperitoneal adhesions in gynaecological surgery: theory and evidence.
Reprod Biomed Online. 2010;21(3):290-303.
10. Cheong YC, Laird SM, Li TC, Ledger WL, Cooke ID. Peritoneal healing and
adhesion formation/reformation. Hum Reprod Update. 2001;7(6):556-66.
11. Sulaiman H, Dawson L, Laurent GJ, Belligan GJ, Herrick SE. Role of
plasminogen activators in peritoneal adhesion formation. Biochem Soc
Trans. 2002;30(2):126-31.

Recombinant tissue Plasminogen Activator (tPA), an agent
directly promoting fibrinolysis has been used among other attempts
to prevent adhesions, given that when applied locally reduces the
formation of adhesions in rabbits. However, the concentration of
the fibrinolytic system required to prevent adhesions increases the
risk of postoperative hemorrhage, while delaying wound repair;
consequently, its use is considered unsafe and ineffective [2,9].

12. Ward BC, Panitch A. Abdominal adhesions: current and novel therapies. J
Surg Res. 2011;165(1):91-111.
13. Nappi C, Sardo AS, Greco E, Guida M, Bettocchi S, Bifulco G. Prevention
of adhesions in gynaecological endoscopy. Hum Reprod. 2007;13(4):37994.

Conclusion

14. Ordoñez JL, Domínguez J, Evrard V, Koninckx PR. The efect of training
and duration of surgery on adhesion formation in the rabbit model. Hum
Reprod. 1997;12(2):2654-7.

Recent studies have suggested the use of methylene blue, an
inhibitor of oxygen free radicals and therefore inflammatory response
aimed to decrease adhesion formation. Unfortunately, its tendency
and capacity to cause damage at the site of pressure of an anastomosis
during the early repair phases has been reported [2].

15. Vrijland WW, Jeekel, van Geldrop HJ, Swank DJ, Bonjer HJ. Abdominal
adhesions: intestinal obstruction, pain and infertility. Surg Endosc.
2003;17(7):1017-22.
16. Gutt CN, Oniu T, Schemmer P, Mehrabi A, Büchler MW. Fewer adhesions
induced by laparoscopic surgery? Surg Endosc. 2004;18(6):898-906.

There are studies in which substances apparently unrelated
to the genesis of adhesions have effects on prevention in their
formation, such as the studies at the surgical research laboratory
of Boston University School of medicine, MA [27,28], who found
that antiemetic medications that contain receptor antagonists of
Neurokinin-1 (aprepitant, Emend®, and others still in research)
have proven to be effective in the reduction of abdominal adhesion
formation, mainly when they are applied directly in peritoneum
[29,30]. The Neurokinin-1(NK-1RA) stimulates emesis in the central
nervous system in synergy with the substance P which is a potent
vasodilator, also implicated as a mediator in inflammation to the
favor chemotaxis, lymphocyte proliferation and production of proinflammatory interleukins (IL-1, IL-6, IL-10 and TNF-α) and increase
in peritoneal exudate that contains fibrin and also stimulating to
TGF-β growth factor; so, Neurokinin-1 receptor antagonists have
some effect on the formation of adhesions.

17. Kavic S, Kavic SM. Adhesions and adhesiolysis: the role of laparoscopy.
JSLS. 2002;6(2):99-109.
18. Yong IK. Comparative study for preventive effects of intra-abdominal
adhesion using cyclo-oxygenase-2 enzyme (COX-2) inhibitor, low
molecular weight heparin (LMWH), and synthetic barrier. Yonsei Med J.
2013;54(6):1491-7.
19. Wei G, Chen X, Wang G, Jia P, Xu Q, Ping G, et al. Inhibition of
ciclooxigenase-2 prevents intra-abdominal adhesions by decreasing
activity of peritoneal fibroblasts. Drug Des Devel Ther. 2015:9:3083-98.
20. Shahzmani P, Ashrafzadeh M, Jahanshahi A, Sotoudeh A. Effects of
dexamethasone, piroxicam and sterile aloe vera extracts on prevention
o postoperative peritoneal adhesion formation in rat. Advances in
Environmental Biology. 2012;6(11):2851-65.
21. Guvental T, Cetin A, Ozdemir H, Yanar O, Kaya T. Prevention of
postoperative adhesion formation in rat uterine horn model by nimesulide:
a selective COX-2 inhibitor. Hum Reprod. 2001;16(8):1732-5.

References
1. Arung W, Meurisse M, Detry O. Pathophysiology and prevention
of postoperative peritoneal adhesions. World J Gastroenterol.
2011;17(41):4545-53.

22. Sortini D, Feo CV, Maravegias K, Carcoforo P, Pozza E, Liboni A, et al.
Role of peritoneal lavage in adhesion formation and survival rate in rats:
an experimental study. J Invest Surg. 2006;19(5):291-7.

2. Ergul E, Korukluoglu B. Peritoneal adhesions: facing the enemy. Int J Surg.
2008;6(3):253-60.

23. Kement M, Censur Z, Oncel M, Buyukokuroglu M, Gezen F. Heparin for
adhesion prevention: comparison of three different dosage with separafilm
in a murine model. Int J Surg. 2011;9(3):225-8.

3. Brüggmann D, Tchartchian G, Wallwiener M, Münstedt K, Tinneberg
HR, Hackethal A. Intra-abdominal adhesions: definition, origin,
significance in surgical practice, and treatment options. Dtsch Arztebl Int.
2010;107(44):769-75.

24. Sharifi S, Derakshanfar A, Pourjafar M, Mohamadnia A, Charlang K.
Effect of heparin in prevention of experimental abdominal adhesions in
rat. Iranian J Vet Surg. 2007;2(3):24-31.

4. Liakakos T, Thomakos N, Fine P, Dervenis Ch, Young L. Peritoneal
adhesions: etiology, pathophysiology and clinical significance. Recent

Remedy Publications LLC., | http://surgeryresearchjournal.com

25. Kutlay J, Ozer Y, Isik B, Kargici H. Comparative effectiveness of

4

2018 | Volume 1 | Article 1008

Gilberto Guzmán-Valdivia Gómez, et al.,

World Journal of Surgery and Surgical Research - Surgery

Stucchi AF, et al. Neurokin-1 receptor and substance P messenger RNA
levels increase during intrabdominal adhesion formation. J Surg Res.
2002;108(1):165-72.

several agents for preventing postoperative adhesions. Worl J Surg.
2004;28(7):662-5.
26. Beck DE, Cohen Z, Fleshman JW, Kaufman HS, van Goor H, Wolff BG.
A prospective, randomized, multicenter, controlled study of the safety of
Seprafilm adhesion barrier in abdominopelvic surgery of the intestine. Dis
Colon Rectum. 2003;46(10):1310-9.

29. Prushik SG, Aarons CB, Matteotti R, Reed KL, Gower AC, Leeman SE,
et al. A neurokinin 1 receptor antagonist decreases adhesión reformation
after laparoscopic lysis of adhesions in a rat model of adhesion formation.
Surg Endosc . 2007;21:1790-5.

27. Cassidy RM, Sherburne AC, SHeydrick SJ, Stucchi AF. Combined
intraoperative administration of a histone deacetylase inhibitor and a
neurokin-1 receptor antagonist synergistically reduces intra-abdominal
adhesión formation in a rat model. Surgery. 2015;157(3):581-9.

30. Lim R, Morrill JM, Prushik SG, Reed KL, Gower AC, Leeman SE, et al. An
FDA approved neurokinin-1 receptor antagonist is effective in reducing
intraabdominal adhesions when administered intraperitoneally, but not
orally. J Gastrointest Surg. 2008;12(10):1754-61.

28. Reed KL, Fruin AB, Bishop-Bartolomei KK, Gower AC, Nicolaou M,

Remedy Publications LLC., | http://surgeryresearchjournal.com

5

2018 | Volume 1 | Article 1008

