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ABSTRACT
Peritoneal adhesions are well vascularised and innervated bands of tissues, which join together, previously separated abdominal organs. Adhesions are mostly acquired ones, especially post operative because of defective technique, with an overall incidence of 94.3% in humans following abdominal /pelvic surgery. Though adhesions occur in every species, but are common in man, cattle and horses than in dogs and cats. The pathophysiology of adhesion formation simply lies in imbalance between fibrinogenesis and fibrinolysis. The use of fibrinolytic agents in adhesion prevention is thus a logical and promising approach. Adhesions are usually diagnosed through laparoscopy or on exploratory laparoscopy, only when adhesion related disorders i.e. chronic pain, intestinal obstruction and infertility become clinically evident. Adhesiolysis is usually carried through laparoscopic surgery. For adhesive preventive measures, besides fibrinolytic and other drugs, adjuvant barrier therapy both pharmacological and mechanical barriers have demonstrated real progress.
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INTRODUCTION
Peritoneal adhesions are well vascularised and innervated fibrous bands of tissue, which join together previously / normally, separated abdominal organs (Gorvy et al., 2005). Adhesions can be congenital or acquired. Acquired adhesions may be post inflammatory (being a result of diseased inflammatory condition of any viscera) or post operative due to defective surgical technique. Peritoneal adhesions develop to a large extent in most of the species following intraabdominal or intrapelvic surgery (Holtz, 1984) and represent a disorder of the normal healing process of the peritoneum after an operation. In humans 90% of patients undergoing laparoscopy develop adhesions (Menzies and Ellis, 1990). 

Adhesions are significant because depending upon their location; they can lead to significant morbidity including abdominal pain, intestinal obstruction, infertility /sterility and the need for difficult reoperative surgery (Liakakos et al., 2001). Adhesiolysis and treatment of adhesion complications are not only cumbersome but also a costly affair and most of the time failure one (Gorvy et al., 2005). Keeping in view the clinical importance of adhesions, this review is mostly focused on postulated mechanism of their formation, their impact and strategies to prevent and treat them. 

Incidence of Adhesions

The incidence of adhesion formation following operations and other diseased conditions are not routinely worked out especially in veterinary medicine because, adhesions are very difficult to be diagnosed even by latest techniques of imaging. Secondly the morbidity following adhesion formation is expressed very late after the inciting cause has initiated the adhesion formation (Ellis, 1999). However, almost every incision is followed by adhesion formation. Lundin et al. (1989) have observed 33% incisional adhesions in equines while as 45% incisional adhesions have been recorded by Kuebelbeck et al. (1998) in the same species. Around 94.3% of human patients, who undergo abdominal or pelvic surgery, develop abdominal adhesions (Gorvy et al., 2005). The detailed classification of adhesion formation in humans has been reported as, 92.9% post operative, 1.0% inflammatory and 0.5% congenital, (Ellis 1971). However only up to 10% of human patients undergoing laparoscopy suffer from adhesions related complications (Schipper et al., 1998). In horses, post surgical abdominal incisions are most common after gastro intestinal surgery with an over all incidence of 27% (Gerehards 1990), of which the incidence of clinically significant adhesions is 14-22 % (Baxter et al., 1989). In foals surviving abdominal surgery adhesions occurred in 19 of 90 foals, but resulted in clinical signs only in 9 foals (Cables et at., 1997). In 52% cows, undergoing caesarean section peritoneal adhesions were recorded (Sloss and Duffy,1977). 

Factors Affecting Adhesion formation

The propensity for postoperative intra abdominal adhesion formation varies with species and many other factors, like patient’s age and sex, the organ and the peritoneal type involvement, the number of laparotomies and the complexity of the surgical procedure (De Cherney and di Zerega 1997; di Zerega and Campeau, 2001). Adhesions to the laparoscopy scar are more likely to occur when peritoneum is sutured (Conolly and Stephens, 1968). 

Adhesions following surgery are more common in man, cattle and horses than in dogs and cats (Moll et al., 1991). Bovine peritoneum lacks the plasminogen activators, which convert plasminogen to plasmin, specific fibrinolytic inhibitors, which blocks the lysis of fibrin by plasmin (Trent and Bailley, 1986). A favorable environment for adhesion formation is thus provided after initial trauma of the peritoneum in cattle. Dogs and cats have an active fibrinolytic system that usually prevents adhesion formation from becoming a clinical problem after laparoscopy (Brown, 2003). 

In two large surveys, post surgical adhesion formation did not appear to be age dependant (Perry et al., 1955), although Weibel and Majno, (1973) reported a slightly higher frequency of spontaneous adhesions (i.e., those adhesions which form without any apparent cause) after age of 60 years. There does not appear to be a sex bias in the development of post-operative adhesions. Weibel and Majno, (1973) reported a slightly higher frequency of adhesions among male patients. After excluding adhesions resulting from gynecological procedures, Raf (1969) reported that the incidence of intraperitoneal adhesions was 47% in male patients and 53% in female patients.

Adhesions can form on any surface in the pelvic region and abdomen after surgery. Some organs though are more likely than others to develop adhesions. The ovary, omentum and intestines are the most common sites for adhesion formation. The ovary, due to its close proximity to other peritoneal surfaces and the fragility of the coelomic epithelium, which covers the ovarian surfaces, is the most common site for the adhesions to form after reconstructive surgery of the female pelvis (Diamond and DeCherney, 1987). Ovarian adhesions were found at second look laparoscopy in more than 90% of cases after ovarian surgery (Pittaway et al., 1985). The omentum is particularly susceptible to adhesion formation. In one study omentum was found involved in 92% of patients with postoperative adhesions. The omentum was also the predominant organ involved in spontaneous adhesions.. In another study 100% of the 126 spontaneous adhesions involved omentum (Weibel and Majno, 1973). Intestines do also serve as a predominant site for adhesion formation. The small intestine was involved in 21 % of adhesions present after appendectomy, while as colon was found involved in 47% of cases following appendectomy (Turunen, 1993).

Visceral peritoneum appears to differ little in its healing properties from the parietal peritoneum (di zerega and Campeau, 2001). Light microcopy indicated that the liver acquires a new mesothelial layer 1 day earlier than either caecum or parietal peritoneum. It is postulated that the liver (viscera) provides a firmer substrate for development of a new mesothelium than either the parietes or the caecum, both of which are subject to greater distension (Raftery, 1973). Like wise the visceral peritoneum is subjected to more adhesion formation as compared to parietal peritoneum

Etiology
Adhesions can be congenital or acquired one (Menzies, 1992). Congenital adhesions are present at birth as embryological anomaly in the development of the peritoneal cavity. Acquired adhesions may be post surgical or post inflammatory. 

Post surgical adhesions may be incited by mechanical injury, bleeding, ischemia, infection or foreign bodies. The most frequent cause is mechanical injury during surgical intervention. Tissue injury is usually produced by direct injury at sites of cutting, suturing, handling, and dissecting or by indirect injury at the adjacent sites in the surgical field from thermal injuries. Serosal trauma is the most important cause of adhesion formation (Granaut et al., 1983; Holtz, 1984). Injury results in inflammation, fibrin accumulation and dense adhesions especially when blood is present (Saut et al., 2005). In humans the incidence of intraperitioneal adhesion has been found to range from 67 to 93% after general surgical abdominal operation and up to 97 % after open gynecological procedures (liakakos et al., 2001). 

Tissue ischemia, oozing of blood and traction also contribute towards adhesions formation (Dabas et al., 2001). The resistance of the intestine to ischemic damage may vary among species. The horse appears to be more sensitive than rabbit (Singer et al., 1996). In addition to ischemia, the likelihood of adhesion formation increases with endotoxaemia, intestinal manipulation, intestinal distention and desiccation of serosal surfaces (Hague et al., 1998). 

Foreign body contamination of the peritoneal cavity during laparotomy from gauge fragments, lint, cotton fibers, glove powder and antibiotic powder may result in granuloma formation and development of fibrous adhesions. Such adhesions often contain multiple foreign- body granulomas, and adhesions formation. This suggests a relationship between foreign material, foreign body granulomas and adhesions formation (liakakos et al., 2001). Microscopic examination of adhesions showed in a large proportion both suture and starch granulomas. Suture granulomas are often found in patients who recently underwent surgery (Luijendijk et al., 1996). Inflammatory adhesions arise after intra abdominal inflammatory process such as appendicitis, acute cholecystitis, pelvic inflammatory disease (Liakakos et al., 2007) and even by cystitis and consequent rupture of bladder following retention of urine in calves (Ansari, 2002;  Parrah, 2007). Inflammatory adhesions may also be caused by radiation, allergic reaction and chemical irritation (Thomson and Whawell, 1995). Ingestion of foreign material can be a problem both in veterinary and human medicine. A female Doberman puncher is reported to have developed adhesions that linked the jejunum to the left kidney, colon and spleen consequent to intestinal perforation by polyester fibers following ingestion of large amounts of carpet and carpet padding (Johnson et al. 1992). Small metal objects, nails and wires in reticulum of ruminants can cause reticulitis and peritoneal adhesions (Kopezewski, 1984). Latex, silicone, contrast agents and vegetable matter have also been found associated with adhesion formation (Hoosgood and Salisbury, 1989). The tissue reaction provoked by such materials depends upon the caliber (Van et al., 1989), shape (Davila et al., 1968), the presence of infection (Edlich et al., 1973) and the duration of deposition. However as many as 44% foreign bodies have been found chemically asymptomatic in pathology specimens (Jozsa et al., 1989).

Pathogenesis of adhesion formation

The lining of the peritoneum is very delicate, and the intercellular junctions can be disrupted just by running a hand along the surface of the peritoneum (di Zerega, 1997). However peritoneal healing differs from that of skin. Skin re-epithelialization takes place through proliferation of epithelial cells from the periphery towards the centre of the skin wound. Contrarily the peritoneum becomes mesothelialized simultaneously. Regardless of the size of the injury, new mesothelium develops from islands of mesothelial cells, which later proliferate into sheets of cells. Consequently, large skin injuries take longer to re-epithelialize than do small skin injures. Large peritoneal wounds remesothelialize about as quickly as small peritoneal wounds within 5-7days (De Cherney and di Zerega, 1997). The source of mesothelial cells on the peritoneal wound surface is controversial. New mesothelial cells may have multiple sources: (i) adjacent normal peritoneum, wherefrom mesothelial cells are recruited by intraperitoneal macrophages and implanted on the wound surface where they proliferate to form a continuous layer of mesothelium (Jhonson and Whitting, 1962), (ii) metaplasia of fibroblasts within the loose connective tissue beneath the surface of the peritoneum which leads to the mesothelial regeneration (Ellis et al., 1999), (iii) maturation of mesenchymal stem cells on the wound surface in the early stages of healing (diZerega  and Campeau, 2001).

Inflammation is the initial response to peritoneal injury that leads to extravasation of serum and cellular elements at the injury site. Multiple chemical messengers are released at the injury site, triggering a coagulative cascade at the beginning of post-surgical repair. Leukocytes, mesothelial cells and fibrin play a major role in this cascade of events. Also present at the site are macrophages and plasma proteins especially a larger amount of fibrinogen form small quantity of peritoneal fluid present in the peritoneal cavity before surgery (Rodgers and di Zerega, 1993).  

Following this, a fibrin gel matrix forms. This matrix forms in several steps, beginning form fibrinogen to fibrin monomer then to soluble fibrin polymer and finally through rinsing tissues with irrigation solution (during surgery) becomes insoluble fibrin polymer. This last product interacts with proteins, including fibronectin to form the fibrin gel matrix. A number of different amino aids are involved in this last interaction and are the basis of much new research in adhesion prevention (liakakos et al., 2001). This fibrin gel matrix includes leukocytes, erythrocytes, platelets, endothelium, epithelium, mast cells, and cellular and surgical debris entangled in fibrin strands. Thus fibrin matrix - connective tissue protein matrix is a sticky mesh like white chewing gum like material covering the site of peritoneal injury. Two damaged peritoneal surfaces coming into apposition while covered with fibrin gel matrix may form an adhesion not only at the time of surgical injury, but also during the next 3-5 days (di zerega, 1997). 

Polymorphonuclear cells are soon out numbered by macrophages. These cells are thought to evolve from poorly differentiated fibroblastic cells in the connective tissue protein matrix in responses to cytokines released from activated intraperitoneal macrophages (di Zerega, 1997). The cytokines function as chemo attractants and immuno stimulants, thus coordinating the cellular events partly during peritoneal repair. The macrophages not only increase in number but also change their function. These post surgical macrophages are entirely different from the resident macrophages and secrete variable substances, including cyclooygenase and lipoxygenase metabolites, plasminogen activator, plasminogen activator inhibitor (PAI), collagenase, elastase, interleukins (IL) 1 and 6, tumor necrosis factor (TNF), leukotriene B4, prostaglandin E2 etc. (Drollette and Badawy, 1992, di Zerega 1992; Rodgers and di Zerega, 1993). 

Post surgical intraperitoneal macrophages recruit new mesothelial cells onto the surface of the injury. These mesothelial cells later and in response to cytokines and other macrophage - secreted mediators form small islands, which proliferate into sheets to mesothelial cells on the injured area, which lead to peritoneal remesothelialization (Menzies 1992). The mesotheliliazation of peritoneum is usually completed within 4-5 days (Raftery, 1973). The fibrin mesh, thus serves to provide a short-term restoration of tissue integrity as well acting like scaffolding into which other cells migrate. Peritoneal fibrinolytic activity plays an important role in the pathophysiology of adhesiogenesis, so that under normal circumstances no permanent fibrous adhesion formation takes place (Holmdahl, 1997). During normal repair, fibrin is degraded principally by the fibrinolytic protease plasmin, which is derived from inactive plasminogen through the action of two physiological plasminogen activators (PAS): tissue types PA (tPA) and urokinase type (UPA). Inhibition of the fibrinolytic system may occur at the level of plasmin mainly by α1- antiplasmin, or at the level of the PAs through specific Plasmin activity inhibitors (PAIS) i.e., PAI-1and PAI-2. Although both tPA and UPA can activate plasminogen, they are distinct structural proteins with different tissue - specific expression and biological activities. Tissue type PA (tPA) is thought to be primarily responsible for the removal of fibrin from within the vasculature through its specific affinity for fibrin. Alternatively, UPA binds to a cellular receptor and has traditionally been associated with pericellular proteolysis via degradation of matrix components and activation of latent proteases and growth factors at extra vascular sites (Sulaiman et al., 2002). The degradation of filmy adhesions by proteases of the fibrinolytic system thus leads to restoration of the normal peritoneal surface in association with re-epithelialization by mesothelial cells (Liakakos et al., 2001). The normal peritoneum has inherent fibrinolytic activity that is derived mainly from the surface mesothelial cells and endothelial cells. If normal fibrinolytic activity is insufficient or inhibited by any factor, macrophages persist and fibroblasts proliferate at the site. Within 5 days, the fibrin network matures into connective tissue, which may form a permanent fibrous adhesion comprising of bundles of collagen, fibroblasts and capillary beds (Millagan and Raftery, 1974). Gervin et al. (1973) reported experimental evidence in dogs that serosal fibrinolytic activity was immediately halved by mechanical abrasion and that this was associated with adhesion formation. Further more evidence for reduced fibrinolytic activity following surgery, ischemia and inflammatory disease has also been reported in human subjects. A strong correlation between hypofibrinolytic activity and increased adhesion formation has been demonstrated in animal studies. Reduced plasminogen activator activity from surgical trauma in rabbits and correction by fibrinolytic activation with recombinant tPA (rt PA) was shown to prevent the formation of fibrous adhesions to both the injured bowel and the parietal peritoneum, confirming the significant role of fibrinolysis in adhesion formation (Holmdahl, 1997). 

At sites of surgical or inflammatory injury, increased levels of PAI-1 and PAI-2 prevent tPA and urokinase plasminogen activator from stimulating plasmin to remove the fibrin gel matrix. Hence fibrinolytic activity of peritoneum, which is present on all mesothelial surfaces, is dependant primarily on the balance of plasminogen activators (PAs) and Plasminogen activity inhibitors – PAIs (Holmdahl et al., 1998). Although there is a transient reduction in the concentration of tPA following surgery, the principal cause of reduced fibrinolytic activity appears to be an increase in concentration of both PAI-1 and PAI-2. The levels of PAI-1 and PAI-2 in cell lines including cultured human mesothelial cells can be increased by the presence of bacterial lipopolycaccharide and inflammatory mediators such as interlukin-1 and tumor necrosis factor. Such molecules are present in the peritoneum following inflammation and may stimulate PAI-2, thereby inhibiting lysis of fibrin deposits and promoting adhesion formation (Whawell et al., 1994). There is a wide variation in the volume of peritoneal exudates among patients which may affect the concentrations of individual fibrinolytic parameters leading to a reduction in functional fibrinolytic activity. There appears to be a biphasic response to surgery by peritoneum, the early reduction in peritoneal plasminogen activating activity may be secondary to a reduction in tPA concentration, where as the subsequent loss of fibrinolytic activity probably arises from the dramatic increase in PAI-1 and PAI-2 concentrations (Holmdahl, 2000). Further differences in endogenous PAI (especially PAI-2) may lead to individual differences in tPA activity resulting in individual susceptibility to adhesion formation (Thompson, 2000).
Adhesion related disorders

In general adhesions are considered beneficial in that they bring additional blood supply to compromised tissue; however adhesion formation also contributes to significant morbidity, particularly in humans and horses but occasionally in small animals (Baxter et al., 1989).Post surgical adhesions may cause chronic pain both pelvic and abdominal (Monk et al., 1994), small bowel obstruction (Baxter et al., 1989; Menzies, 1992), female infertility (luciano 1995) and difficult reoperative  surgery (Suslavich et al., 1989; Parker et al., 1989).

Adhesion related disorder is a complex of symptoms. The first and the most important symptom associated with adhesion formation is pain. Adhesions cause pain by pulling on the nerve. Pain is also elicited by entrapment of nerve endings within a developing adhesion. 

Chronic pelvic pain is one of the squeal of intraperitoneal adhesions (Duffy and di zerega, 1996). The pain is thought to be caused form increased tension, stretching and traction of organs which stimulate peritoneal pain receptors and from the restriction of the mobility or expansibility of pelvic organs (Punch and Roll, 1993). Pelvic pain in such cases is usually evident during intercourse (dyspaareunia- painful intercourse) as uterus and vagina fail to flex. Analysis of eleven studies showed that adhesions were the most common pathology in patients suffering from pelvic pain (di Zerega, 1997). The association between adhesions and pain is well supported by relief and reduction of pain following adhesiolysis in 60-90% of the cases (Duffy and di zerega, 1996).

Chronic abdominal pain usually emanates from intestine pertaining post laparoscopy adhesion related problems (Schipper et al.1998). The intestines have their blood supply compromised by scar tissue causing a lack of oxygen to the tissues, resulting in pain from ischemic changes. Thickening of normally flexible tissues also cause discomfort when these tissues are required to expand and stretch. This occurs in and around the colon as formed bowel movements are passing through it and pain occurs when the thickened tissue is unable to stretch. In one study 28.2% horses were found suffering from post colic surgical adhesion related pain (Gerehards, 1990). Adhesions are the most common cause of large and small intestinal obstruction in western world, comprising 40% of all obstructions (Ellis.1997). Extensive soft adhesions will form within 72 h after laparoscopy. These seem most extensive at about10 days to 2 weeks, by which time they become dense and vascularised. Over 20% of adhesive obstructions occur within one month of surgery, and up to 40% occur within one year (Menzies, 1992). Rest 20% of adhesive obstructions occur within 5 years and 20% occur within 10 years of operation (Ellis, 1997). This shows that adhesions may occur at any time after abdominal surgery. The overall mortality rate in patients suffering from strangulated or gangrenous intestinal obstruction range between 6 and 8% after different surgeries (De Cherney and di Zerega 1997). Congenital or inflammatory adhesions rarely give rise to intestinal obstruction except for mal-rotation (Ellis 1997). However between 49 and 74% of the small bowel obstructions are caused by post surgical adhesions (Stricker et al. 1994). Clinical problems occur when fibrous adhesions form and impede the flow of ingesta by restricting the motion of small intestine, resulting in partial or complete intestinal obstruction. Adhesions may also provide a potential space for incarceration of intestine and a base about which a volvulus can occur (Baxter, 1991). Intestinal obstruction by post surgical adhesions can also arise as a result of kinking or angulation or by creating bands of tissue that compress the bowel (Ottinger, 1994). Clinical problems related to post operative fibrous adhesion formation might occur in horses following small intestinal resection and anastomosis. Small intestinal obstruction occurs in 18%-22.1% of horses that have undergone a previous exploratory laparoscopy (Baxter et al., 1989; Macdonald et al., 1989).

Adhesions which involve the uterus, ovaries, fallopian tubes or bladder can form in the pelvis and can lead to infertility and ectopic pregnancy (Diamond and Schwartz, 1998). Fifteen -20% of female infertility is caused by adhesions (Luijendik et al., 1996). Adhesions may enclose the ovary to form a mechanical barrier. These Para ovarian peritubal adhesions inhibit follicular growth by possible ovarian entrapment from adhesions around the ovaries (Mahadevan et al., 1985). Peritubal as well as intratubal adhesions may affect tubal anatomy, motility and ovum transport (Rock, 1991). The slowing of or preventing the embryo from reaching the uterus may lead to either infertility or an ectopic pregnancy. Severe adhesions in abdominal cavity may make visualization of the relevant anatomy impossible, thereby preventing the use of laparoscopic surgery, leaving behind the only alternative of open surgery. In one study 8.5% laparoscopic cholecystectomies were changed into open cholecystectomies because of severe adhesions (Morishita et al., 2004).

Difficult reoperative surgeries are the most common consequence of abdominal adhesions (Liakakos et al., 2001), therefore represents a tremendous financial burden to health services in terms of time to re-enter a patients abdomen for further surgery and the cost of treating abdominal adhesions. The cost of adhesiolysis alone in the USA in 1994 amounted to $ 1.3 billion (Ray et al., 1994). Likewise adhesiolysis is the second most common reason for repeat laparoscopy in horses after colic surgery (Parkar et al., 1989).

Experimental Induction

Both the pathogenesis of adhesion, and potential strategies for preventing adhesions, has been explored through the development of numerous in vivo models of adhesion formation. The species utilized in experimental models of adhesion formation include: mice (Demetrious et al., 1974), rats (Gerwin et al., 1973), rabbits (Elkins et al., 1987), sheep (Moll et al., 1992), cows (Trent and Bailey, 1986), buffalo calves (Dabas et al., 2001), cow calves (Shukla et al., 2004),  and dog (Mohindra et al., 1996; Singh et al., 2003).

The laboratory animal models established for intestinal adhesion formation include drying or wetting of serosa (Pyan et al., 1971), abrasion of the jejunal serosa (Polishuk and Aboulafia, 1967), caecal clamping and ischemia (Knightly et al., 1962), removal of the peritoneum (Elkins et al., 1987), incising and suturing peritoneum (Elkins et al., 1987), and resection and anastomosis of small intestines (Fredericks et al., 1986).

In the horse, consistent production of intestinal adhesions has followed small intestinal hemorrhagic strangulation (HSO), ischemic strangulating obstruction (ISO) (Sullins et al., 1985), distension of small intestine (Lundin et. al. 1989), scarification of the jejunal serosa (Moll et al., 1991), Cutting and suturing the parietal peritoneum (Swanwick, 1972), and the placement of polythene patches over denuded peritoneum (Swanwick, 1972). Ischemia is the predominant technique for inducing peritoneal adhesions (Holtz, 1984). The selection of ileum for the purpose of adhesion induction is advantageous in that the loop of ileum can be easily identified as it lies adjacent to caecum and ensures maximum handling of viscera (Shukla et al., 2004). Ischemia of ileum for the purpose of adhesion production has been used in buffalo calves (Dabas et al., 2001), cow calves (Shukla et al., 2004), and equines (Ludain et al., 1989). Ischemic period of 70 minutes is sufficient to produce   peritoneal adhesions in foals (Lundin et al., 1989), in buffalo calves (Dabas et al., 2001), cow calves (Shukla et al., 2004). In dogs abdominal adhesions are induced by scrapping the serosa from an area of 3x3 cms form an abdominal organ especially bladder (Mohindra et al., 1996). Serosal trauma is also considered a reliable means of adhesion formation (Granaut et al., 1983) and is usually preferred in rats (Treutner et al., 1989). Besides abdominal viscera, pelvic organs have also been used for the production of peritoneal adhesions. In rats uterine horns were used for this purpose by traumatizing a 2 cm segment of each uterine horn on 10 spots on the antimesentric surface using unipolar cautery (Guvenal et al., 2001).  

Adhesion Assessment

A standard surgical scoring system is used to assess the development of adhesions, because adhesion formation is difficult to assess by quantitative assays that measure fibrin deposition, which does not accurately reflect the organization and number of defined fibrinous structures in people or animals. Therefore it is generally accepted that visual determination of the degree of the disease is the superior method to assess adhesion formation. This method has been adopted by the American Society for Reproductive medicine in the evaluation of adhesion formation in clinical trials (Chung et al., 2002). A wide spectrum of adhesions can be identified. Some adhesions appear like cellophane and very loose, filmy and flexible. Other adhesions can be very dense and inflexible appearing like leather. Still other adhesions produce very hard thickening of the tissue. The most severe adhesions occur when organs are not just adherent to one another but actually become fused. These become much more difficult to correct. To describe the extent, density and severity of adhesion formation different grading systems have been employed. As per the involvement of the traumatized area in the adhesion formation, adhesions have been graded as: 0, no adhesion; 1, adhesion on 25% of the traumatized area, 2, adhesion on 50% of the traumatized area; and 3, total area involved (Guvenal et al., 2001; Linsky et al., 2001). The severity of adhesions measured by the traction applied to separate the adhesions is used for grading the adhesions as: 0.0, no resistance to separation; 0.5, moderate force required for separation; 1.0 sharp dissection needed for separation (Vural et al., 1999). Taking into account the density of the adhesions, the adhesions are classified and graded as: 0, no adhesion; + (1+), localized filmy adhesions; + + (2+), localized dense adhesions; + + + (3+), wide spread flimsy adhesions; and + + + + (4+), wide spread dense adhesions (Fredrick et al., 1986).

Perivascular adhesions are classified and graded besides other things on the basis of vascularity of the adhesions as, 0, no adhesions; 1, flimsy adhesions light and easily released with finger; 2, mild adhesions, continuous yet avascular, disrupted by gentle blunt dissection; 3, moderate fibrous adhesions, some vascularity, identifiable tissue planes requiring sharp dissection; and 4, dense scar with obliteration of tissue planes (Canbaz et al., 2005).  Quantitatively adhesions have been classified and graded on the basis of gross pathological findings as: 0, Complete absence of adhesions; 1, single band of adhesions between viscera or from viscous to abdominal wall; 2, two bands, either between viscera or from viscera to abdominal wall; 3, more than 2 bands between viscera or viscera to abdominal wall or whole of intestines forming a mass without being adherent to the abdominal wall; 4 , viscera directly adherent to abdominal wall regardless of number or extent of adhesive bands (Nair et al., 1974l; Celebioglu et al., 1999 ).

On microscopical pathological findings, adhesions are graded as; 0, normal; 1, inflammation; 2, fibrin + inflammation; 3, fibroblast and fibrin clot formation; 4, collagen formation; and 5, collagen +fibrin clot formation (Celebioglu et al., 1999). 

Diagnosis of Peritoneal Adhesions

The only accurate way of measuring adhesion formation is through laparoscopy because abdominal and pelvic adhesions rarely show up on X- ray or other diagnostic tests. In absence of laparoscopy facility, exploratory surgery may be required to rule them out. However other imaging modalities including ultrasonography (US), computed tomography (CT), magnetic resonance imaging (MRI), endoscopy and various techniques of contrast radiography for various abdominal and pelvic organs have been employed, but with no consensus about the use of these modalities (Morishita et al., 2004).


Second-Look Laparoscopy (SLL) was first introduced by Swolin to evaluate the result of some surgical procedures (Diamond, 1995) and soon became a routine procedure allowing a chance to perform adhesiolysis for the de novo or recurrent adhesions encountered during SSl.The potential advantage of SSl is the ability of the surgeon to assess the efficacy of surgical technique(s) or adjuvants, as well as to provide the patient a reasonable assement of likely prognosis. Reasonable time for SSL is a matter of personnel opinion and controversy and varies from few days (Jansen, 1988) to thee years (DeCherney and Meter, 1984) with merits and demerits attached with both early and late SSL. Viscera slide ultrasound is a promising non-invasive diagnostic technique useful in identifying and mapping abdominal wall adhesions prior to laparoscopic or open surgical procedure (Sigel et al., 1991). Visceral slide means normal sliding motion of the viscera that occurs either spontaneously, during respiratory movement, or is induced by manual palpation of the abdomen. Restricted visceral slide is shown as an accurate indication of intra-abdominal adhesions (Kodama et al., 1992). The viscera slide ultrasound may help identify the safest place for the initial incision and entry into the peritoneal cavity or placement of the laparoscopic trocars (Kolecki et al., 1994). Transvaginal ultrasonography has been found most accurate in diagnosing pelvic adhesions especially in adhesions of the ovary to the uterus (Guerriero et al., 1997). Helical CT is useful in determining the gallbladder and peritoneal adhesions. Increased density or stranding of the pericholecystic fat and transient focal increased hepatic attenuation at dynamic arterial-phase CT indicate gall bladder and peritoneal adhesion (Morishita et al. 2004).

Microhysteteroscopy using a CO2 hysteroscopic technique has been used for diagnosis of intrauterine adhesions in women (Hamou et al. 1983). Endoscopic retrograde cholangiography (ERC) is invasive, difficult but accurate method of diagnosing the peritoneal adhesions especially when gall bladder wall is more than 6 mm thick (Neuhaus et al. 1992).

Drip infusion cholangiography (DIC) is used to evaluate the peritoneal adhesion formation. A non-visualized gall bladder on DIC indicates the presence of moderate to severe adhesions (Tomikava et al., 1995). Likewise hysterosalpingiography is used for the diagnosis of peritubal adhesions, but is not as accurate as laparoscopy (Valentini et al. 2000). Plasma and peritoneal fluid biochemical analysis has also been made to investigate postoperative intra-abdominal adhesions in horses. Peritoneal fluid antithrombin III, fibrin degradation products and plasminogen values were increased after surgery. However there were no significant changes in the peritoneal fibrinogen concentration. Plasma plasminogens were decreases after surgery. Changes were minimal in the remaining plasma coagulation/fibrinolytic components of operated horses (Baxter et al., 1991).
Management and Strategies for adhesion Prevention
 The approaches in preventing adhesion formation include adjusting surgical technique and applying adjuvant-systemically or directly to the peritoneum (Risberg 1997).

A. Surgical Technique: Post surgical coalescing adhesions will form only when both contacting peritoneal surfaces are traumatized during surgery. Methods which minimize peritoneal trauma and the exclusion of foreign-body material from the abdominal cavity may lead to less adhesion formation (Liakakos et al., 2001). Halstedian principles of gentle tissue handling and meticulous hemostasis are basis for preventing adhesion formation. Other effective measures include; keeping tissue moist with irrigation, avoiding large abdominal wounds and unnecessary dissection, using micro and atraumatic instruments, avoiding introduction of foreign bodies into body cavities (powder from surgical gloves), using appropriate, finest and possibly monofilament suture material and avoiding unnecessary spillage of antibiotic powder. With denudation of the superficial mesothelial layer, the underlying connective tissue and associated microvasculature of peritoneum gets disrupted. The elicited inflammatory response depresses fibrinolytic activity and promotes adhesion formation. Forceps, retractors and clamps should not be placed on structures not intended for dissection, thereby reducing serosal denudation and vascular trauma (Liakakos et al. 2001).

Usually big clots in presence of peritoneal injury lead to adhesion development (Diamond and Cherney, 1987). Addition of fresh blood to an otherwise uninjured peritoneal cavity has been found to result in omental adhesions while preformed clots produced widespread adhesions even without peritoneal injury. Blood in conjunction with trauma to the serosa is more important in adhesion formation than either trauma alone or trauma and serum (Ryan et al., 1973). Clotted bold may constitute a fibrinous network upon which fibroblasts may proliferate, resulting in adhesions (Pfeiffer et al., 1987). Hence adequate hemostasis and aspiration of blood in irrigation solution is essential for adhesion prevention. If warranted, the smallest gauged synthetic suture should be used, with special consideration to avoid tissue strangulation (Frankfurter and de Cherney, 1996).

The presence of suture material and tightening the sutures to the point of ischemia potentiate the adhesion formation (Luijendijk et al., 1996). Braided sutures contain microscopic pores that can harbor bacteria and lead to infection.  A catgut suture though rapidly absorbed leads to greater tissue reaction, whereas polyglycolic acid derivatives and monofilament synthetics are less reactive (Rock, 1991). Peritoneal suturing is thus unnecessary during closure of abdominal wounds and especially in the presence of intraperitioneal bacterial contamination or infection which may result in postoperative peritoneal adhesions, as peritoneal suturing is reported to increase adhesion formation (Duffy and di zerega, 1994). Foreign materials e.g. starch powder from gloves inhibits local fibrinolysis by decreasing tPA activity, and increasing the levels of plasminogen activation inhibitor I (PAI-I), tumor necrosis factor alpha (TNF-alpha), Interleukin I (IL-I) and hydrogen peroxide (Holmdahl, 1997). Using powder free gloves should be then preferred. Also avoid unnecessary spillage of antibiotic powder, as significantly more adhesions were recorded after treatment with neomycin / bacitracin in rats (Treutner et al., 1989). In order to prevent the formation of adhesions and their related disorders various modified and innovative surgical approaches were introduced into human medicine, which include;

Microsurgery: The use of microsurgery in reproductive pelvic surgery was first described by Swolin in 1967 (Swolin, 1967).The term microsurgery basically implies the use of magnification to allow close visualization, differentiation between healthy and pathologic tissue, handling the small caliber microsurgical instruments, and use of fine sutures. The fine sutures should be non-reactive, such as Vicryl, Dexon. The other main principles of microsurgery include: minimization of tissue handling, prevention of tissue dessication, avoidance of introduction of foreign bodies such as talc into the operative field, precise reapproximation of tissue planes and meticulous hemostasis (Gomel, 1983).

Laparoscopy: The era of laparoscopy started in 1980s and expanded to involve most of the previous traditional abdominopelvic surgery. The advantages of endoscopic surgery are claimed to be reduction of hospital stay, post operative pain, length of abdominal incision, and expense. One of the claims is the reduction of subsequent postoperative adhesion formation. This view is supported in theory by the concepts of lack of retractors and packs usage at laparoscopy, maintaining a closed abdomen with presumed reduction in peritoneal drying, less likelihood of introduction of foreign bodies, decreased possibility of blind dissection of adhesions during abdominal exploration and less tissue damage at the abdominal wall incision(s) compared to that of laparatomy. Luciano et al., 1989 demonstrated no intraabdominal adhesions in rabbits with lesions created laparoscopically, whereas those lesions created at laparatomy were consistently followed by adhesion formation.  

Laser Endoscopic Surgery: Different types of laser now used in abdominopelvic surgery include argon potassium-titanyl- phosphate (KTP- 532), neodymium : Yttrium- aluminum- garnet(Nd : YAG); but the most frequently used to date is the carbon dioxide, employed for its superficial site of action and variable spot size. It has been postulated that laser surgery will decrease dramatically the incidence of adhesion formation and reformation by virtue of making precise incisions, minimization of tissue handling, maintenance of meticulous hemostasis and reduction in operative time. However, in rabbits and rats, no reduction in post operative adhesion was seen when the Co2 laser was compared with fine needle cautery (Pittaway et al., 1983; Filmer et al., 1986).                                               

B. Adjuvants: Adhesion formation and reformation are still an unavoidable event in abdominopelvic surgery in spite of the variable skills in microsurgery, endoscopic or laser surgery. This fact necessiciates the search for an adjuvant(s) that can be used in the perioperative field .Adjuvants used to prevent adhesion formation fall into two broad categories:

1. Pharmacological adjuvant
2. Adjuvant barriers

1. Pharmacological adjuvants: A number of obstacles are there to reduce the effectiveness of any pharmacological adjuvant to prevent adhesion formation. First, ischemic sites are vulnerable to adhesion formation, which are by definition, cut off from the blood steam, and consequently insulated from systemic drug delivery. Even intraperitioneal adjuvants are of limited effectiveness because of rapid absorption mechanism of the peritoneal membrane with the consequent limited half-life of these adjuvants. Secondly the drug used should be specific against adhesion formation, which too is difficult, as many processes of adhesion formation are shared with normal wound healing processes. The same cascade shared by adhesion formation and re-mesotheliliazation include exudation, coagulation, fibrin deposition, and fibroblastic activity and proliferation (Risberg, 1997). These drugs include: Fibrinolytics, anticoagulants, anti-inflammatory agents, antioxidants, antibiotics and transforming growth factor blockers etc.

Fibrinolytic Agents: Fibrinolytic agents act directly by reducing the fibrinous mass and indirectly by stimulating plasminogen activator activity (Daody et al., 1989) and their use in adhesion prevention is a logical and promising approach (Sulaiman et al., 2002). Fibrinolytic agents cause hemorrhagic complications and include: Recombinant plasminogen activator (γtPA), Plasminogen activator, Pentoxifylline, a methyl Xanthine derivative, Neurokinin I receptor antagonists, streptokinase, urokinase, chymotrypsin, trypsin, pepsin etc.

 Recombinant tPA, when applied locally, reduced adhesions in animal models without increasing complication rates (di Zerega, 1992; Diamond and Cherney, 1987). 

Plasminogen activator is a serine protease that converts plasminogen into plasmin, which cause fibrin degradation.

Pentoxifylline, a methyl Xanthine derivative, when given intraperitoneally, once before abdominal closure and intravenously @ 25mg/Kg for 9 days after operation, reduced the adhesion formation in rat models through increased concentration and activity of tPA without any concomitant decrease in hydroxyproline levels (i.e., without affecting wound healing) (Tarhan et al., 2006). Neurokinin 1 receptor antagonist, CJ-12, 255 (Pfizer), that blocks the binding of the proinflammatory peptide substance P (SP), to the neurokinin 1 receptor (NK – 1R) significantly reduced adhesion formation by 45% and 53% respectively, when given to rats @ 5- 10 mg/ Kg/day for a period of 7 days. Neurokinin 1 receptor antagonist was found to produce its action through increased fibrinolytic activity by increasing levels of tPAmRNA in peritoneal tissue and tPA in peritoneal fluid (Reed et al. 2004). Single intraperitoneal injection of neurokinin 1 receptor antagonist, CJ-12, 255 (Pfizer), (3R,4S,5S,6S)- 6-diphenylmethyl-5- ( 5- Isopropyl-2-methoxybenzlyamino)-1-azabicyclo{2,2,2} octane- 3-carboxylic acid,, reduced adhesion formation significantly when given during or I hour after surgery, only moderately when administered at 5 hours and had no effect at 12 or 24 hours. This indicates that some of the events critical to adhesion formation occur within first 5 hours following an abdominal operation (Cohen et al., 2007).

Anticoagulants: Anticoagulants act by prevention of clot and fibrin formation and include heparin, citrates, and oxalates. Heparin is the most widely investigated anticoagulant used for prevention of adhesions. Its mechanism of action is probably through one of the following: first, heparin may interact in the clouding cascade by a combination with antithrombin III (Rosenberg, 1978); second, heparin directly stimulates the activity of Plasminogen activators, thereby promoting the breakdown of fibrin clots once they form (Andrade and Strickland, 1986). Lastly, heparin may act by binding to fibroblast growth factor (FGF) leading to considerable improvement in healing of cutaneous wounds (Gospodarowicz et al.1987).Heparin has been used in conjugation with other antiadhesive agents to have synergetic improvement in their antiadhesive effects. Crystalloid isotonic irrigation containing heparin sulphate reduced intraabdominal adhesions formation by inhibiting fibrin coagulation. But this use of heparin was found associated with hemorrhages and delayed wound healing. Low dose intraperitoneal heparin irrigation (2,500/5,000U/I) – showed no benefit in adhesion formation (Liakakos et al. 2001). Sahin and Saglam (1994) added the low molecular weight heparin to the sodium carboxymethylcellulose solution instilled at laparotomy. They reported that this combination was highly effective in reducing postoperative adhesions in animal model. However, Diamond et al. (1991) reported that heparin delivery by intraperitoneal lavage, intravenous injection, or intraabdominal instillation failed to reduce adhesion formation.

Anti-inflammatory agents: This group of agents was used to reduce the initial inflammatory response to tissue injury and hence, subsequent adhesion formation. This goal is probably achieved through the capability of these agents to reduce vascular permeability, inhibit synthesis and release of histamines and/or stabilize lysosomes. Anti-inflammatory agents that have been investigated include: corticosteroids, nonsteroidal anti-inflammatory agents, antihistaminics, progesterone and progestogens, calcium channel blockers.

Corticosteroids: These drugs, including dexamethasone, hydrocortisone and prednisolone attenuate the inflammatory response by reducing vascular permeability and liberation of cytokines and chemo tactic factors. These drugs are to be used with caution because of their potential side effects initiated by immunosuppressant and delayed wound healing (di Zerega, 1992; Risberg, 1997; Diamond and De Cherney, 1987). In fact, most of the animal studies failed to prove any reduction in adhesion formation with corticosteroid therapy.
Nonsteroidal anti-inflammatory drugs (NSAIDS):  Cyclo- oxygenase- 2 (Cox-2) expression increases in response to inflammatory stimuli and other types of tissue damage and cause elevated levels of prostaglandin. NSAIDS alter arachidonic acid metabolism by changing cyclooygenase activities, inhibiting the formation of end products, including prostaglandins and thromboxane, thereby decreasing vascular permeability, plasmin inhibitor, platelet aggregation, and coagulation and enhance macrophage function. Tolmetin and ibuprofen have also been shown to increase fibrinolysis through decreasing the secretion of Plasminogen inhibitors resulting in enhanced plasmin production (Rockwell and Ehrlich, 1991). NSAIDS have been found to reduce peritoneal adhesion formation in many, but not all, animal models (di Zerega, 1994; Risberg, 1997; Siegler, 1980; Cofer et al., 1994; Rodgers et al., 1998). Perioperative administration of oxyphenbutazone and intraperitoneal instillation of indomethacin (Holtz, 1982) or tolmetin (Rockwell and Ehrlich, 1991) have been reported to reduce postoperative adhesion formation in rats and monkeys. In spite of that, other studies failed to prove any beneficial effect of intramuscular or intraperitoneal administration of ibuprofen reduction of peritoneal adhesions in rat and rabbit models (Holtz, 1982, Luciano et al., 1983). 

Antihistaminics: Antihistamines, such as promethazine, inhibit the inflammatory response, stabilize lysosomal membranes and inhibit fibroblast proliferation. The use of antihistamines to prevent adhesions was in conjunction with corticosteroids and has not been shown to be effective in human studies (Kowalczyk, 1994).

Progesterone/Estrogen: Progesterone inhibits leukocyte migration, and T-cell activation, and reduces humoral antibody production. In addition, progesterone was found to decrease vascular permeability and the resulting volume of transudate in rats (Nakagawa et al., 1979). Maurer and Bonaventura (1983) reported a decrease in adhesion formation if progesterone has been given by intraperitoneal and intramuscular route. Other studies were contradictory, finding an increase in adhesion development after intraperitoneal instillation of progesterone(Beauchanp et al.1984; Blauer and Csllins,1988).In addition, intraperitoneal and intramuscular medroxyprogestrone acetate [MPA] has also resulted in an increase in postoperative adhesion formation (Beauchanp et al.1984).Preoperative  IM administration of 15mg MPA into a rat model results in the most significant reduction of post operative adhesion formation(Montanino-Goliva et al., 1996) .Similarly estrogen has been found associated with increased adhesions in animals (Liakakos et al.,  2001).

Calcium Channel blockers:  Calcium channel blockers have been shown to inhibit the release of vasoactive inflammatory mediators such as histamine and prostaglandins E and F, platelet aggregation and fibroblast migration into fibrin matrices. Tissue ischemia is reduced and protected against granulocyte mediated tissue injury. In a hamster animal model, Steinleitner et al. (1991) have demonstrated a reduction in pelvic adhesions with the use of subcutaneous verapamil, nifedipine, and diltiazm.
Antioxidants: Inflammatory mediators may play a role in adhesion formation e.g. free radicals, arachidonic acid, cytokines etc. Methylene blue is an agent which decreases the level of oxygen radicals, and if injected postoperatively decreases the formation of adhesions (Galili et al., 1998). However anti adhesive activity of Methylene blue is dose dependant. At lower doses it inhibits adhesions, while at higher doses it promoted adhesions. And its mechanism of action is not solely enacted by the interference of dye with free radical generation (Rasa et al., 2002).

Antibiotics: The rationale behind the use of antibiotics is prophylaxis against infection, and hence the inflammatory response, that leads to adhesion development. Tetracyclines are commonly used to protect from Chlamydia, a potentially infectious organism in the female genital tract of women (Diamond and DeCherney, 1987).In contrast, intraperitoneal irrigation with antibiotic containing solutions has been demonstrated to increase peritoneal adhesion formation in rat model.

Transforming Growth Factor- β Isoforms (TGF- β) Blockers:  TGF- β family members (Cytokine family) are represented by three mammalian isoforms, TGF- β1, TGF- β2, and TGF- β3 with distinct functions in vivo (Whawell and Thompson, 1995). TGF- β1 is the principal isoform implicated in fibrotic disorders in most organ systems (Chigini et al., 1994; Baer et al., 1998). TGF- β2 is the most prevalent isoform in body fluids such as the vitreous and aqueous fluid of the eye, tears and saliva and is believed to be the predominant isoform mediating fibrosis in eye (Cordeiro, 2002). TGF- β2 is also known to up regulate the expression and secretion of TGF- β1, by monocytes, macrophages, fibroblasts and epithelial cells (Bascom et al., 1989; McCartney-Francis, 1990; O,Reilly et al., 1992). TGF- β3 is potent anti-inflammatory, powerful immunosuppressant (Wahil et al. 1999) with conflicting role in tissue repair, with a number of groups demonstrating either a pro or anti fibrotic effect, depending on the body site investigated, (Cox et al., 1994; Tyrone et al., 2000).

Combined blocking of TGF- β1 and TGF- β2 in a rat model by neutralizing antibodies, chicken polyclonal and goat polyclonal by direct application or intraperitioneal injection led to significant reduction in the number of trauma site adhesions (Gorvy et al., 2005).This adhesiolysis effect may be due to the pivotal role of TGF- β1, in the reduction of fibrinolytic activity after surgery through a combined increase in the level of PAI – I and a decrease in tPA, thus allowing the fibrinous matrix to persist and become organized into a permanent adhesion (Falk et al. 2000). Early application of neutralizing antibodies blocks TGF- β1 released from active platelets (due to degradation of α- granules), decreasing it’s level leading to  an increase in fibrinolytic activity which results in complete or partial resolution of fibrinous matrix (Gorvy et al., 2005). 

2. Adjuvant Barrier Therapy:  Barrier products are substances that are placed intra-abdominally/ intraperitoneally at the end of surgery to work as a barrier between layers of peritoneum to prevent adhesion formation. It needs to separate the adjacent layers of peritoneum for 5-7 days to allow time for remesothelialisation process, yet must biodegrade eventually. The barrier must work in the presence of blood, peritoneal fluid and irrigation fluid. The ideal barrier, thus, besides being safe and effective, should be non-inflammatory, persist during the critical re-mesothelialization phase, stay in place without sutures or staples, remain active in the presence of blood and be completely biodegradable. In addition, it should not interfere with healing, promote infection, nor cause adhesions (Liakakos et al., 2001). Before the development of today’s progressive substances, physicians tried various materials and methods to prevent adhesions from occurring including animal membranes, gold foil, mineral oil, silk, rubber, teflon and even amniotic membranes. One archaic method of prevention even involved having patients ingest iron filings and then moving a magnet around on the abdomen to keep the bowel from sticking (Wiseman 1994).  Today’s barriers are lightweight solids, semisolid or liquid products that protect the injured areas. Many barriers dissolve in the body overtime. Antiadhesive barrier products currently available basically fall under two main categories: macromolecular solutions and mechanical devices. Both kinds of barriers have demonstrated real progress in adhesion formation (di Zerega, 1994; Risberg, 1997).

Antiadhesive Barrier Solutions (intrabdominal instillate): These solutions may involve Crystalloid Solutions, Dextran 40/70; Carboxymethylcellulose, Hyaluronic acid, Hyaluronic acid combined with Phosphate- Buffered-Saline (HA-PBS), Poloxamers etc.

Crystalloids/Peritoneal Lavage: Crystalloid solutions were the most commonly used instillate put into the abdominal cavity after completion of the surgical procedures. In addition to its mechanical action in separation of the raw peritoneal surfaces, crystalloid solutions dilute fibrin ad fidrimous exudates released from the traumatized surfaces (Gutman et al. 1995). Peritoneal lavage is also assumed to be beneficial for removal of intrabdominal bacteria, endotoxins, cellular debris, lysosomal enzymes and other products of inflammation and fibrin (Hague et al., 1998). Unfortunately, Crystalloid solutions are absorbed from the peritoneal cavity at an estimated rate of 35ml per hour. Thus a volume of 500 ml will e absorbed within about 14 hours and 5 liters of Crystalloid solution are needed to cover the first 6 days postoperatively. The process of peritoneal repair, fibrin deposition ad adhesion formation extends quite beyond the time during which a reasonable volume of Crystalloid solution persists. The other drawback is the possible increased risk of infection with instillation of such a large volume of fluid into the peritoneal cavity (diZerega GS, 1994).  The post surgical peritoneal cavity is acidic (De Cherney and di Zerega, 1997, di Zerega 1994), Ringers lactate solution is thus better option than normal saline, because former crystalloid solution has better buffering capacity. Peritoneal lavage with Ringers lactate solution@25ml/Kg Bwt was found effective in reducing the adhesion formation in buffalo calves (Dabas et al., 2001). Peritoneal lavage was found equally effective in reducing adhesion formation in other species too, horses (Baxter, 1991), and Dogs (Kawaraski et al., 1984). However Ringers Lactate solution has not been found effective as an antiadhesive in all other post operative conditions (Gurgan et al., 1996) and in clinical situations (Tulandi, 1996). Lack of antiadhesive effect of Ringers Lactate solution is attributed to its rapid absorption from peritoneal cavity and dilution of opsonic proteins in peritoneal cavity (De Cherney and di Zerega, 1997). A single irrigation with normal saline solution just before closure of the laparoscopy incision does not reduce adhesion formation. However peritoneal dialysis@ 200 ml of solution three times a day for 4 days has been found effective in reducing adhesion formation (Kawaraski et al., 1984). Reviewing the data derived from in vitro and in vivo experimental studies demonstrated the cytotoxic effect of 0.9% NaCl and its ability to initiate peritoneal adhesions. Normal saline reduces the viability and fibrinolytic activity of peritoneal mesothelial cells. Use of normal saline to wash the peritoneal cavity during abdominal operations or after chronic peritoneal dialysis is more likely to produce adhesions than is no irrigation at all (Breborowicz and Oreopoulos, 2005). Normal saline has been found ineffective in preventing postoperative adhesions following cystotomy/ cystorraphy/serosal injury of the bladder in dogs (Mohindra et al., 1996) and fallopian tube abrasion (De Zerega and Hodgin, 1998). This may be due to rapid absorption of normal saline solution through peritoneum. 

Dextran 40/70: In an attempt to prolong the period of instillate persistence into the peritoneal cavity, more viscous solutions, including Dextran 40/70 have deem tried in doth experimental and clinical studies. Dextran 40/70 is a water soluble glucose polymer having α1-6 linkage. It has an adhesion prevention action by siliconising effect (Choate et al., 2001; Kapur et al., 1967; Utain et al., 1979; Sarangi et al., 1979; Pfeffer et al., 1980), floatation effect (Utain et al., 1979; Borten et al., 1983) and antifibrinogenic effect (Kapur et al., 1967; Borten et al., 1983; Pfeffer et al., 1980). By hydro floatation of intra-abdominal structures with the dextran solution, a physiological separation occurs between peritoneal surfaces (di zerega, 1994). Through dilution, dextran diminishes local fibrin concentration, preserves local plasminogen activators and interferes with Polymorphonuclear neutrophil expression of adhesion molecules (Menzes, 1992). Dextran solution is slowly absorbed and draws fluid into the abdominal cavity. It also decreases clot formation (Diamond and De Cherney, 1987). Dextran 40 has been found very effective in reducing adhesion score (Singh et al., 2003; Choate et al., 2001, Kapur et al., 1967, Sarangi et al., 1979). The side effects of its use include weight gain, ascites, pleural effusion, labial edema, liver function abnormalities, coagulopathy and anaphylaxis (di zerega, 1994). Inconsistent results have been obtained with high- molecular- weight dextran-32%, dextran 70 (Tulandi, 1994).

Carboxymethylcellulose: It is a derivative of cellulose. Carboxymethylation of the glucosidic hydroxyl groups makes the polymer hydrophilic. It is negatively charged at physiological pH and freely soluble. Clearance is less clear than that of HA, but it is spontaneously broken down (Liakakos et al., 2001). It is a surface lubricant with high viscosity (Moll et al., 1999). It has 2 beneficial effects in abdominal surgery : protective lubrication if applied before abdominal exploration, and a hydrofloatation effect, preventing surfaces from direct contact with each other, thus allowing independent healing of traumatized peritoneal surfaces (De Cherney and di Zerega, 1997, Tulandi, 1996).However its efficacy as an antiadhesive has been found dose dependent in rabbits (Fredricks et al., 1986), but in buffalo calves no such difference in the effect was found between 1 or 2% ( Dabas et al., 2001). In sheep a small volume (30) ml of 1% Sodium Carboxymethylcellulose (SCMC) was found effective in preventing adhesions to the traumatized uterus (Ewoldt et al., 2004). SCMC is used in equine colic surgery (Southwood and Baxter, 1997; Muller et al., 1995).SCMC is distributed through out the abdomen, unlike locally applied barriers, and therefore may help prevent remote adhesions, especially in the ventral region of the abdomen once the patient is in a standing position. However because of gravitational effect, SCMC may not be as effective for the dorsally located reproductive tract in standing animal (Ewoldt et al., 2004). Muller et al. (2000) did not find it useful as an adhesioprophylactic agent in horses.

Hyaluronic acid (HA): It is a non-sulfated glycosaminoglycan component of the mammalian extracellular synovial fluid and vitreous humor. It is biocompatible, nonimmunogenic, nontoxic and naturally bioabsorbable. Like carboxymethylcellulose, it is negatively charged at physiological pH and freely soluble (De Cherney and di Zerega, 1997). HA coats serosal surfaces and provides a certain degree of protection from serosal desiccation and other types of injury. Conflicting repots are available about the efficacy of HA as an antiadhesive agent. Vrijland et al. (2002) found HA beneficial in preventing peritoneal adhesions; while as Saut et al. (2005) did not find it to inhibit the formation of undesired post operative adhesions during abdominal vascular surgery. Tulandi, (1996) also found it in effective after tissue injury.

Hyaluronic acid (HA) combined with Phosphate- Buffered- Saline (HA-PBS):  This antiadhesive macromolecular solution, called Separacoat (Genzyme, Cambridge, Mass USA), is applied intraperitoneally, prior to dissections, to protect peritoneal surfaces from indirect surgical trauma (e.g., abrasion and desiccation) rather than post operatively to separate surfaces after they are traumatized. HA-PBS has been found equally effective as antiadhesive both in animal models and humans (Burns et al., 1995; Liakakos et al., 2001).

Poloxamers: Poloxamers are groups of surfactants characterized by their ability to covert from a liquid state at room temperature to a gel form at temperatures higher than 25oc. If cooled, the Poloxamers return to its liquid state ad conversions can be repeated. Rice et al. (1993) used the Poloxamers, composed of polyoxythylene and polyoxypropylene, 0.5-1.5 ml to cover uterine ad side wall defects in rat models. They noted a significant reduction in primary post surgical adhesions. Ninety five percent of the control side had adhesions compared to 40% of the treated side.

Solid Barriers: A great number of natural (endogenous) and synthetic graft (exogenous) materials have been employed in an effort to reduce adhesion formation on traumatized surfaces. Natural materials have included peritoneum, omentum, amnion, amnionplus chorion, fat, etc.

Natural Solid Barriers:
Autologus Peritoneal Transplant: Experimental studies have demonstrated that covering lesions of the parietal peritoneum with microsurgically applied autologous peritoneal transplants can completely prevent severe adhesion formation. More significantly was the decrease of visceral peritoneal adhesions with the use of autologous peritoneal transplant. This suggests that the risk is higher for adhesion formation stemming from the visceral than from the peritoneal peritoneum (Liakakos et al., 2001). 

Amniotic Membrane: It is a biodegradable and hypoallergic tissue and has antibacterial property (Fisherman et al., 1987). It reduces the tissue response and exudation in the injured area and reduces resolution into adhesions. It has been found very effective in reducing the abdominal adhesions to a great extent following bladder serosal injury in dogs (Mohindra et al., 1996). The effectiveness of the amniotic membrane in prevention of adhesions is attributed to the fact that it covers the site of serosal damage, thus acting as mechanical separations of fibrin covered surfaces. This is prerequisite for prevention of adhesion formation as intraperitoneal structures do not permanently heal to each other unless they are held in continuous close apposition by fibrin until collagenous organization begins on 3rd post operative day (Buckerman et al. 1976). Contrarily, in a rabbit-uterine horn model, Arora et al. (1994) showed that amniotic membrane graft failed to have the preventive effect on adhesion formation it is claimed to possess. Even worse amniotic membrane graft resulted in higher adhesion scores and susberosal inflammation score than the uncovered control side. However addition of heparin made the amniotic membrane effective in reducing adhesion formation (Tayyar, et al., 1973)       
Synthetic Solid Barriers: The interest is now focused on mechanical barriers placed over traumatized tissue at the conclusion of surgery, in order to separate tissue surfaces. Such synthetic barriers include, meshes of polytetrafluorethylene (PTFE, Gore-Tex, Gore & Associates, Flagstaff, Ariz, USA), Oxidized regenerated cellulose, ORC (Interceed TC7, Johnson and Johnson), Bioresorbable membrane chemically derivatized sodium hyaluronate and carboxymethylcellulose (HA- CMc, Genzyme).Exogenous barriers such as metal foils, plastic hoods, silk and rubber sheets were used in the past to reduce postoperative adhesions. However these substances have been abandoned because of lack of success ad the odd for their removal y a second surgical procedure (Seifer et al.1990)

Expanded Polytetrafluoroethylene (ePTFF, Goretex): It is a non reactive, antithrombogenic, nontoxic synthetic fabric with small pores that inhibit cellular transmigration and tissue adherence, thus preventing adhesion formation and reformation, regardless of the type of tissue injury or whether hemostasis is achieved, but is strictly reserved for non contamination operations. PTFe was found associated with fewer post surgical adhesions to the sidewall than oxidized-regenerated cellulose (Haney, 1997).In the animal studies too, Gore-Tex has been proven to be an effective barrier for reducing primary adhesions, as well as reformation adhesions (Boyers et al., 1988). PTFE needs to be secured in place physically, so its use in laparoscopy is cumbersome and difficult to handle (Tulandi, 1996). It is not absorbed and is unaffected by tissue enzymes(Ruvelta, 1985).Therefore, this barrier is either left in place permanently or removed surgically, because it is least reactive and cause little or no morphological alterations to the adjacent peritoneum and resists chemical and biological degradation even after several years in vivo. However it generates the formation of pseudo capsules (Liakakos et al., 2001). It has also been successfully used in cardiovascular surgery as a pericardial patch with minimal adhesion formation and foreign body reaction (Tulandi, 1996; Haney, 1997;  Haney and Doty, 1992; Revuelta et al., 1985).

Preclude: It is made of Gortex, a version o Teflon (Polytetrafluoroethylene). Although available be in the market for more than one decade, but is rarely used for its many drawbacks. It is hydrophobic (decreasing its adherence to the peritoneum) and is non- biodegradable. Hence its usefulness is limited by the need for suturing and later removal (Zong et al., 2004).

Surgicel: It is oxidized regenerated cellulose (ORC) that was initially designed as a haemostatic agent. It was investigated as an adjuvant for prevention of adhesions because it is easy to apply ad becomes a gel within hours after application. The results reported have been controversial, so it did not find favour for use in clinical cases.

Oxidized Regenerated Cellulose (ORC, Interceed–TC7): It is an “altered relative” to surgicele, also composed of oxidized regenerated cellulose but differs in several characteristics including its degree of oxidation, weave ad smaller pore size. It is a pure form of cellulose and is composed of fibers of uniform diameter and chemical composition. When applied to raw peritoneal surfaces it becomes gel within 8 hours (di Zerega, 1992; Risberg, 1997; Wiseman, 1994; Diamond et al., 1991). It acts as adhesioprophylactic agent by separating tissues during mesothelial healing (Hurwit et al. 1980). It is macroscopically biodegraded within 3-10 days and microscopically within 28 days. It can be applied easily by laparoscopy, follows the contour of the organ, and does not need suturing. Bleeding, at the time ORC are applied, results in blood permeating the weave of the material. Fibroblasts grow along the strands of clotted blood with subsequent collagen deposition and vascular proliferation and resultant adhesion formation despite application of the barrier (De Cherney and di Zerega, 1997; Wiseman, 1994). It is therefore essential that complete hemostasis is achieved before ORC is applied on the peritoneal surfaces. If hemostasis is inadequate, the ORC barrier turns black or brownish black. It Should be then removed, hemostasis achieved adequately and fresh piece of ORC placed in position (De Cherney and di Zerega, 1997; Wiseman, 1994; di Zerega, 1994; Larson, 1996).Wiseman et al. (1992) used thrombin to achieve haemostasis in a rabbit uterine horn model facilitating the effect of intercede barrier. They added that the efficacy of interceed was further enhanced adding heparin to the fabric. Interceed exhibits antibacterial properties in vivo (Diamond et al., 1994). Different workers have obtained variable results after studying the adhesion prevention action of ORC. Li and Cook (1994) regarded ORC as a useful agent for adhesion prophylaxis, while as Haney and Doty (1993) regarded it as adhesiogenic. Greater foreign body reaction and greater infiltration of histological markers are attributed as reasons for its ineffectiveness as adhesioprophylactic agent (Singh et al., 2003), although it is the only adjuvant approved for the specific purposes of post surgical adhesion prevention in many parts of the world (Liakakos et al., 2001).

Neutralized Interceed (nTC): This modified version of interceed is blood insensitive, ad the results obtained in animal studies are comparable to those obtained with Interceed in combination with heparin (Wiseman et al., 1993)

HA–CMC (Seprafilm): It is a nontoxic, nonimmunogenic, biocompatible material, turns to hydrophilic gel approximately 24 h after placement and provides a protective coat around traumatized tissue for up to 7 days during remesothelialisation. The HA component is completely cleared from the body within 28 days; less clear is the removal of CMC component. The relative difference in clearance of HA and CMC may lead to fragmentation of the film and increased emboli or abscess formation (De Cherney and di Zerega, 1997). HA- CMC can be used in the presence of blood (Diamond, 1996). ntercede and Seprafilm stand approved by US Food and Drug Administration- USFDA (Zong et al., 2004).

Fibrin glue: t is a combination of highly concentrated fibrin, thrombin, calcium and factor VIII. It is postulated that fibrin glue acts by separating the raw surfaces through its rapid sealant effect(Evand et al.1996).Obviously the use of human blood products for fibrin glue production limits its attractiveness’ as a surgical adjuvant.

Electro spun Bioabsorbable Nanofibrous Poly (Lactide- co-glycolide) – Based membranes: lectro spun nonwoven bioabsorbable nanofibrous membrane of Poly (Lactide- co-glycolide) was found very effective to reduce the adhesions at the site of injury in a rat model. The membrane acted as a physical barrier but with a rat controlled antibiotic delivery system at the injury site. The combined advantages of composition adjustment (addition of hydrophilic co polymer in the base material to overcome shrinkage problem), drug loading capability, easy placement and handling makes these membranes potentially successful (Zong et al., 2004).
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