	PERITONEAL ADHESIONS

Introduction
Definition

An adhesion is a band of scar tissue that joins two

separate internal body surfaces together. 
Adhesions usually occur between two serous membranes which are close together. 
Adhesion formation after abdominal and pelvic operations remains extremely common and is a source of considerable morbidity. Adhesion formation occurs following any procedure, including cholecystectomy, gastrectomy, appendectomy, hysterectomy, colectomy, abdominoperineal resection, and abdominal vascular operations. The operations that frequently lead to adhesive obstruction include colon and rectal surgery, gynecologic procedures, and nonelective appendectomy.

The incidence of intraperitoneal adhesions ranges from

67 to 93% after general surgical abdominal operations

and up to 97% after open gynecologic pelvic procedures.

Classification

Congenial and Acquired

A. Congenital Adhesions 

Are present from birth as embryological anomaly in the development of the peritoneal cavity (vitellointestinal bands, adhesions seen across the lesser sac). 

B. Acquired adhesions 

Are subdivided into inflammatory and   post-surgical adhesions.

Inflammatory adhesions

Arise after intra-abdominal inflammatory processes,

such as 

· Appendicitis

· acute cholecystitis

· acute diverticulitis

· pelvic inflammatory disease

· Previous use of an intrauterine contraceptive device.

The true proportion of each of these types is not known, but it has been reported that the majority of adhesions are postsurgical.

Post surgical adhesions 

Results when injured tissue surfaces following incision, cauterization, suturing or other means of trauma, fuse together to form scar tissue. 
Recently, it was found  that all patients who had undergone at least one prior abdominal surgery developed one to more than ten adhesions.

Factors associated with the formation of post surgical

adhesions include:

1.Trauma

2.Thermal injury

3.Infection

4.Ischemia

5. Foreign bodies.
Multiple other factors, including:

-Tight suturing, where tension within the sutured peritoneum produces ischemia, abrasions

-Exposure to foreign bodies such as talc and powders from gloves, lint from abdominal packs, or fibers from disposable paper items, reactive sutures, intestinal contents, overheating by lamps, or irrigation fluid, may contribute to postoperative adhesion formation
Such adhesions often contain multiple foreign body granulomas. This suggests a relationships between foreign material, foreign-body granulomas, and adhesion formation. 
Adhesions more likely to become obstructive are those involving the small intestine; however, intestinal adhesions occur less frequently than those involving the omentum. 

Most of the patients with adhesive intestinal obstructions have been found to have had surgery in the infracolic part of the abdomen, where the loops of small intestine adhere and become obstructed 

Gynecologic Considerations and Sterility
-Abdominal hysterectomy is among the most commonly

performed operations contributing to intestinal obstruction associated with postoperative adhesions.

-Myomectomy is associated with a high degree of adnexal adhesions, especially after incision performed on the posterior uterine wall.
-Surgical treatment of gynecologic malignancy, such as ovarian cancer debulking surgery, may commonly be associated with intestinal obstruction either by persistent tumor growth or by postoperative adhesions

-The incidence of adhesions can increase with

postoperative radiation therapy . 

-Also, postoperative adhesions have been implicated in inadequate distribution of chemotherapeutic regimens when they are given interaperitoneally for treatment of ovarian carcinoma

-Endometriosis is associated with fibrous adhesion formation following conservative surgical procedures and excision of ovarian endometriomas. Fibrous adhesions often form as a response to chronic irritation of the peritoneal surface by the endometriotic implant and its secretory products.

- Fifteen to 20% of female infertility is caused by adhesions peritubal as well as intratubal adhesions may affect tubal motility and ovum transport.

The slowing of or preventing the embryo from reaching

the uterus may lead to either infertility or an ectopic pregnancy.

Chronic pelvic pain is one of the sequelae of intra peritoneal adhesions. They were thought to be caused from increased tension, stretching, and traction of pelvic organs which stimulate peritoneal pain receptors and from the restriction of the mobility or expansibility of pelvic organs

Pathogenesis

Peritoneal healing differs from that of skin. Skin re epithelialization takes place through proliferation of epithelial cells from the periphery toward the center of the skin wound. 

By contrast, the peritoneum becomes mesothelialized

simultaneously, and regardless of the size of the injury, with new mesothelium developing from islands of

mesothelial cells which later proliferate into sheets of

cells. Thus, Larger peritoneal wounds remesothelialize about as quickly as small peritoneal wounds, within 5–6 days for the parietal peritoneum and within 5–8 days for  the visceral mesothelium 

The key site in adhesion formation is the surface lining

of the peritoneum. The delicacy of the peritoneal surface

and its subsequent susceptibility to damage as well as the

rapid rate of remesothelialization within 5–8 days are

important factors in adhesion formation. 
Various other traumatic factors such as ischemia

caused by grafting or suturing of peritoneal defects, the

use of retractors by their mechanical effects of pressure,

crushing, stripping, excessive handling of the peritoneum,the presence of foreign materials (starch powder), inflammation-induced peritonitis, intraperitoneal blood, and serosal drying can inhibit fibrinolysis and lead to adhesion formation
Finally, adhesions will mature into fibrous bands containing collagen, elastin fibers, and blood vessels and may be lined by mesothelial cells.

Management and Strategies for Adhesion

Prevention
a).Adjusting surgical techniques

-meticulous hemostasis are necessary to avoid presence of free blood and ischemic tissues which provide a source of fibrin.

-careful and delicate handling of the bowel in order

to reduce severe trauma

-keeping tissues moist with irrigation

-avoiding large abdominal wounds and unnecessary

dissection

-micro and atraumatic instruments to reduce serosal injury. Surgical techniques summary:

1 Tissue injury

2 Peritoneal suturing

3 Foreign material

4 Sponges

5 Intraperitoneal blood deposits

6 Minimally invasive surgery
B). Applying adjuvants to decrease adhesion formation 
Antiadhesion barriers basically fall under two main

categories: macromolecular solutions and mechanical devices
Barriers

Solutions

1 Crystalloids

2 32% dextran 70

3 Hyaluronic acid

4 HA-PBS/Sepracoat

5 Carboxymethylcellulose

Solids

1 Autologous peritoneal transplants

2 PTFE (Gore-Tex)

3 Oxidized-regenerated cellulose (Interceed)

4 HA-CMC (Seprafilm)

C). Exclusion of foreign-body material from the abdominal cavity
Postsurgical coalescing adhesions will form only when both contacting peritoneal surfaces have been traumatized during surgery. 
	Microscopic examination of adhesions shows in a large proportion both suture and starch granulomas. Suture granulomas are often found in patients who recently underwent surgery

Clinical Significance 

Importance and Complications from Intraperitoneal Adhesions

Most common complications pf adhesions
· small-bowel obstruction 

· difficult reoperative surgery 

· chronic abdominal and pelvic pain 

· female infertility

Adhesions form between the wound and the omentum in over 80% of the patients, and they may involve the intestines in 50% of the patients

Intra-abdominal adhesions are almost inevitable after major abdominal surgery.
Re-operating through a previous wound can be extremely difficult, risky, and potentially dangerous.
Also, adhesiolysis extends operating  time, anesthesia, and recovery time and causes additional risks to the patient such as blood loss, visceral damage including injury to the bladder, enterocutaneous fistulas, and resection of damaged bowel.
Intestinal obstruction

Adhesions are the most common cause of large and

small intestinal obstructions account for approximately one third to one half of all intestinal and for 60–70% of the small-bowel obstructions

Congenital or inflammatory adhesions rarely give

rise to intestinal obstructions, except for malrotation].

However, between 49 and 74% of the small-bowel obstructions are caused by post surgical adhesions 

Extensive soft adhesions will form within 72 h after

laparotomy. These seem most extensive at about 10 days

to 2 weeks, by which time they become dense and vascular.

Over 20% of adhesive obstructions occur within 1

month of surgery, and up to 40% occur within 1 year .

Obstruction by adhesions is usually the result of kinking

or angulation or by creating bands of tissue that compress

the bowel .

Impairment of the local circulation of the small intestine due to strangulation is caused by adhesions in 30% of the cases. 

Although it is not clear how often adhesive obstruction

recurs after conservative or surgical treatment, it is well

known that adhesions create a lifetime risk of intestinal

obstruction. 

An operation for obstruction due to adhesions carries a higher likelihood of recurrence than a laparotomy for other indications.

The problem of postsurgical adhesions increases with the patient’s age, the number of laparotomies, and the complexity of surgical procedures.

Simple adhesive obstruction may be resolved without surgicalintervention in the majority of the cases, in contrast to other forms of obstruction. According to recent series,up to 80% of episodes of partial small-bowel obstruction caused by adhesions resolve nonoperatively

Injury or inflammation of the peritoneum triggers a coagulative state at the beginning of post surgical peritoneal repair that releases multiple chemical messengers at the injury site. Leukocytes, mesothelial

cells, and fibrin play a major role in this cascade of events.

Also present in the peritoneal cavity prior to surgery is a

small amount of fluid that contains macrophages and

plasma proteins containing a large amount of fibrinogen

Following surgery, the macrophages increase in number

and change function. These postsurgical macrophages

are entirely different from the resident macrophages and

secrete variable substances including 

· cyclooxygenase and lipoxygenase metabolites,

· plasminogen activator

· plasminogen activator inhibitor (PAI)

· collagenase, elastase

·  interleukins (IL) 1 and 6, tumor necrosis factor (TNF),leukotriene B4, prostaglandin E2

Postsurgical intraperitoneal macrophages recruit new

mesothelial cells onto the surface of the injury. These

mesothelial cells proliferate injured area which will lead to peritoneal remesothelialization

The organization of the fibrin gel matrix is of major

importance in adhesion formation. This matrix forms in

several steps, beginning from fibrinogen to fibrin monomer, then to soluble fibrin polymer, theninsoluble fibrin polymer. 
This last product interactswith proteins, including fibronectin, to form the fibrin gel matrix. 
The fibrin gel matrix includes leukocytes, erythrocytes, platelets, endothelium, epithelium, mast cells, and cellular and surgical debris. 
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.
Peritoneal fibrinolytic activity has been hypothesized

to play an important role in the pathophysiology of adhesiogenesis. Tissue plasminogen activator (tPA) found in mesothelial cells is an important natural defense

against postsurgical adhesion formation. The active enzyme plasmin, which is produced from the inactive plasminogen by the tPA and the urokinase-type plasminogen activator, degrades the fibrin gel matrix into fibrin split products which have no effect on adhesion formation. Fibrinous adhesions are lysed, if local fibrinolysis is sufficient;

Hypofibrinolytic activity and increased adhesion formation At sites of surgical or inflammatory injury,

increased levels of PAI1 and PAI2 prevent tpA and urokinase plasminogen activator from stimulating plasmin to remove the fibrin gel matrix.

Inadequate blood supply and reduced tissue oxygenation,

occurring frequently with surgical injury, inhibit

fibrinolysis and decrease fibrinolytic activity, allowing the fibroproliferative structure to persist, leading to fibrovascular adhesion development 

MANAGEMENT
Manage the complication eg intestinal obstruction.

Surgery may not be done to remove non cpmlicating adhesions as surgery causes more adhesions formation.

Adhesion removal (adhesiolysis) can be done laparascopically or by open surgery laparatomy.

Some drugs under investigations for the prevention of adhesions include:

1 NSAIDs

2 Corticosteroids

3 Antihistamines

4 Progesterone/estrogen

5 Anticoagulants

6 Fibrinolytics

7 Antibiotics




