	Selecting the Segment of Intestine

	. The stomach has been employed as a replacement for bladder, for augmentation cystoplasty, as a conduit, and for continent diversions The advantage of stomach over other intestinal segments for urinary intestinal diversion is that it is less permeable to urinary solutes, it acidifies the urine, it has a net excretion of chloride and protons rather than a net absorption of them, and it produces less mucus. Urodynamically, it behaves as other intestinal segments do. When used in urinary reconstruction, electrolyte imbalance rarely ensues in patients with normal renal function, although a hypochloremic metabolic alkalosis has been described. The incidence of bacteriuria has been reported to be as low as 25%, much less than the 60% to 80% incidence reported for ileal and colon segments. However, more recent data from my institution suggest that there is no difference in bacteriuria among any of the segments. The acidic urine, which usually has a pH of 5 to 7, does not generally result in an increased incidence of peristomal skin problems. Generally, serum gastrin levels are normal or minimally elevated depending on what portion of stomach, and how much, is used). Although excluding the antrum from the gastrointestinal tract has not resulted in elevated serum gastrin levels and an ulcer diathesis clinically experimentally, antral exclusion results in elevated circulating gastrin levels, which cause major intestinal ulcerative problems in the postoperative period.

There have been no severe ulcerative complications reported thus far in the series that have employed stomach for urinary reconstruction. When the antral portion of stomach is employed, reconstitution is generally by a Billroth I anastomosis. Complications with Billroth I gastroduodenostomy Early complications include gastric retention owing to atony of the stomach or edema of the anastomosis; hemorrhage, most commonly originating from the anastomotic site; hiccups secondary to gastric distention; pancreatitis as a consequence of intraoperative injury; and duodenal leakage. Delayed complications include the dumping syndrome, steatorrhea, the small stomach syndrome, increased intestinal transit time, bilious vomiting, afferent loop syndrome, hypoproteinemia, and megaloblastic or iron deficiency anemia. Postoperative bowel obstruction occurs with an incidence of 10% (2 of 21 patients) (). Gastroduodenal and gastroureteral leaks have also been reported, occasionally resulting in a fatal outcome 

The use of stomach for urinary intestinal diversion may be considered when the use of other intestinal segments in a patient with a decreased amount of intestine would result in serious nutritional problems. One advantage of stomach in the patient with severe abdominal adhesions is that the area of the stomach is generally adhesion-free and easily mobilized. Complications specific to the use of stomach include the hematuria-dysuria syndrome and uncontrollable metabolic alkalosis in some patients with chronic renal failure 

The jejunum is usually not employed for reconstruction of the urinary system because its use often results in severe electrolyte imbalance. Generally, diseases that would make the ileum inappropriate to use also make the jejunum inappropriate for use. Rarely, it is the only segment available. Under these circumstances, as distal a segment of jejunum as possible should be employed to minimize the electrolyte problems.

The ileum and colon are used most often for urinary tract reconstruction and have been employed in all types of reconstructive procedures. The ileum is mobile, of small diameter, has a constant blood supply, and serves well for ureteral replacement and the formation of conduits. Loss of significant portions of the ileum results in nutritional problems because of a lack of vitamin B12 absorption; diarrhea because of a lack of bile salt reabsorption; and fat malabsorption. On occasion, the mesenteric fat is excessive, making mobility and anastomoses difficult. Also, the mesentery may be so short that it is difficult to mobilize the ileum into the deep pelvis. Postoperative bowel obstruction occurs in about 10% of patients who have segments isolated from the ileum for urinary tract reconstruction. One half of the obstructions occur in the early postoperative period Removing segments of colon from the enteric tract results in fewer nutritional problems than removal of segments of ileum, provided that the ileocecal valve is not violated. Should the ileocecal valve be used, diarrhea, excessive bacterial colonization of the ileum with malabsorption, and fluid and bicarbonate loss may occur. The incidence of postoperative bowel obstruction is 4%—less than that occurring with ileum. Both ileal and colon segments result in the same type of electrolyte imbalance with similar frequencies. An antireflux ureterointestinal anastomosis by the submucosal tunnel technique is easier to perform with colon. In general, ileum and colon are comparable and have few differences, which does not argue strongly for the selection of one over the other except under special circumstances.

	Bowel Preparation

	Patients who have intestinal procedures on unprepared bowel have an increased wound infection rate, incidence of intraperitoneal abscesses, and anastomotic dehiscence rate when compared with patients who have had a proper bowel preparation before surgery. A good mechanical preparation results in collapsed bowel at the time of surgery, which has been shown to reduce the incidence of anastomotic leaks Complications that occur as a result of bacterial contamination are a major cause of morbidity and mortality in patients undergoing urologic e procedure. There are two aspects to bowel preparation: mechanical and antibiotic.. The mechanical preparation reduces the amount of feces, whereas the antibiotic preparation reduces the bacterial count. The bacterial concentration in the jejunum ranges from 10 to 105 , in the distal ileum from 105  to 107 , in the ascending colon from 106  to 108 , and in the descending colon from 1010  to 1012  organisms per gram of fecal content.

	Mechanical Bowel Preparation

	A mechanical bowel preparation reduces the total number of bacteria but not their concentration. Thus, the same number of organisms is present per gram of fecal content  Conventional bowel preparations may exhaust the patient and exacerbate nutritional depletion because they generally require a 3-day preparation period of suboptimal calorie intake The use of elemental diets has been advocated to clean the colon of feces while not compromising the nutritional status of the patient. Unfortunately, they have not proved useful because the elemental diets do not empty the colon of feces and they do not reduce the bacterial flora. In an attempt to reduce the time required for intestinal preparation and to obviate low-calorie intakes, whole-gut irrigation has been used. Originally, whole-gut irrigation was performed by placing a nasogastric tube into the stomach and infusing 9 to 12 L of lactated Ringer's solution or normal saline over a several-hour period. These fluids were subsequently replaced with 10% mannitol, which was equally successful in ridding the bowel of its fecal content; however, the mannitol served as a bacterial nutrient and thereby facilitated microbial growth. These solutions have largely been replaced by a polyethylene glycol electrolyte solution. Whole-gut irrigation may be exhausting to the patient and may, in fact, result in a fluid gain, particularly when either saline or mannitol is used. Whole-gut irrigation is contraindicated in patients with an unstable cardiovascular system; cirrhosis; severe renal disease; congestive heart failure; or an obstructed bowel. Whole-gut irrigation has been found to be no more effective in reducing wound infections and septic complications than conventional preparations, even though there is a reduction of aerobic flora compared with the conventional preparations. The advantages of the whole-gut irrigation are that it gives the patient dietary freedom, there is a short preparation time, and it eliminates the enema. Its disadvantages are that it may result in exhaustion of the patient, is rather rigorous, and does result on occasion in fluid overload. The use of a polyethylene glycol electrolyte lavage solution (GoLYTELY or the more palatable NuLYTELY) is an effective lavage agent in preparing the gut for both elective colon and rectal surgery and urologic surgery in which bowel is used. For the adult, 20 to 30 ml/min or approximately 1 to 1.5 L/hr for 3 hours is given either orally or through a small-caliber nasogastric tube placed into the stomach. If taken by mouth, the solution is better tolerated if it is chilled. The administration of polyethylene glycol is stopped when the rectal effluent is clear and there is no particulate matter in it or when 10 L of fluid has been given. A number of studies have questioned the efficacy of mechanical bowel preparation. Two days before the anticipated date of surgery, the patient is instructed to begin a clear liquid diet. Then 45 ml of sodium phosphate (Fleet Phospho-Soda) is taken orally. One day before the surgery, 30 ml of sodium phosphate is taken orally. This preparation minimizes the rigor of a mechanical bowel preparation while providing a decompressed bowel at the time of surgery.

	Antibiotic Bowel Preparation

	The wealth of evidence, however, suggests that an antimicrobial bowel preparation is advantageous in reducing postoperative complications. In one study, the septic complication rate was reduced from 68% in the control group to 8% in the antibiotic lesser incidence of reduction in wound infection, generally from 35% without antibiotics to 9% with their use. Others have suggested that the mortality rate drops from 9% to 3% with the use of antibiotics. It is clear that the use of antibiotics protects vulnerable bowel in that it may allow the tenuous anastomosis to survive. In the presence of a bowel obstruction, however, oral antibiotics are of little value because they do little good in sterilizing the bowel. The disadvantages of antibiotics include a postoperative increase in the incidence of diarrhea; pseudomembranous enterocolitis; a theoretical increased incidence of tumor implantation at the suture line that is not germane to urologic surgery; monilial overgrowth resulting in stomatitis, thrush, and diarrhea; and, with prolonged use, malabsorption of protein, carbohydrate, and fat. The antibiotics that are most commonly used for bowel preparation include kanamycin, which is the best single agent; neomycin and erythromycin base; and neomycin and metronidazole (Table 106–2). With an appropriate antibiotic preparation, enteric organisms are reduced to 102 /g of feces. They appear to be most effective against the anaerobic flora. 

	Diarrhea and Pseudomembranous Enterocolitis

	Antibiotic bowel preparations may result in diarrhea and pseudomembranous enterocolitis. Clinically, this occurs after a bowel preparation in the postoperative period and is heralded by abdominal pain and diarrhea usually in the absence of fever or chills. As the symptoms and infection become more severe, systemic toxicity supervenes. These patients can develop a toxic megacolon, and if this occurs, the mortality may exceed 15% to 20%. It is now clear that Clostridium difficile plays a significant role in the majority of cases. C. difficile elaborates at least two toxins that cause diarrhea and enterocolitis. C. difficile does not invade the bowel, and it is not normally a significant inhabitant of the fecal flora. It is held in check by other bacteria that inhibit its growth. Thus, antibiotics destroy the bacteria that inhibit the growth of C. difficile and thereby allow it to flourish. The toxin produces a diffuse inflammatory response with cream-colored plaque formation, erythema, and edema of the bowel wall. Microscopically, the villi appear to be intact, and there is a polymorphonuclear leukocyte infiltrate of the submucosa.

As the disease progresses, large areas of mucosa may slough and areas of the bowel are denuded of their mucosa. The lesions may involve the colon, in which case it is called pseudomembranous enterocolitis, or the small bowel, in which case it is called pseudomembranous enteritis, or they may involve both. The diagnosis is suspected by the symptoms or endoscopy and confirmed by culture of the organism or identification of its toxin. Because culture takes a prolonged period of time, it is more expeditious and therefore clinically useful to confirm the diagnosis by identifying the toxin produced by C. difficile through tissue culture techniques. Once diagnosed, treatment involves the administration of vancomycin or metronidazole and discontinuance of the other antibiotics that the patient is receiving. Rarely, toxic megacolon supervenes, which requires subtotal colectomy as a lifesaving procedure 

	Intestinal Anastomoses

	The intestine should be mobilized sufficiently that the anastomosis may be performed without struggling for exposure. If possible, it is preferable to mobilize the intestine sufficiently that the anastomosis can be performed on the anterior abdominal wall. The area of the anastomosis should be walled off from the rest of the abdominal cavity with Mikulicz pads. The mesentery must be cleared from the bowel segments to be anastomosed for a suitable distance (usually 0.5 cm) from the intestinal clamps at the severed ends so that good serosal apposition may be achieved without interposed mesentery. The second principle of performing a proper anastomosis is to maintain a good blood supply to the severed ends of the bowel. The blood supply may be compromised by creating an anastomosis under tension, excessive dissection or mobilization of the bowel, excessive use of the electrocautery, and tying the sutures so tight that the intervening tissue is strangulated. The site of transection is selected at a point where the blood supply is adequate to both segments. The mesentery should be transilluminated so that the blood supply may be defined before transection of the bowel segment. After the appropriate area where the mesentery is to be transected is located, it is cleaned from the serosa, severed between mosquito clamps, and tied with 4-0 silk sutures. The third principle involves preventing local spillage of enteric contents. Stripping the enteric contents between the fingers both cephalad and caudad from the proposed transection site and applying a noncrushing occlusive clamp across the bowel make a spill even less likely. This clamp should prevent enteric contents from exiting the cut ends of the bowel without interference with the mesenteric blood supply. After linen-shod clamps are applied and the area is walled off, Allen clamps are applied to the bowel and the bowel transected between the Allen clamps. An anastomotic staple device may be used to transect the bowel at this point in place of Allen clamps (see later). Local spills and local sepsis have an adverse effect on the healing anastomosis, and it is for this reason that noncrushing occlusion clamps, in addition to an adequate bowel preparation, are advisable. If a spill does occur, it should be caught in the Mikulicz pads if the bowel has been properly walled off as described previously. The isolated segment that is to be used in the reconstructive procedure should be irrigated thoroughly with copious amounts of normal saline. The segment should be walled off. The irrigant is placed in one end of the segment and caught in a kidney basin as it exits the other end. This should be continued until the efflux is clear. This procedure prevents local spills during the ureterointestinal anastomosis and other aspects of reconstruction. The fourth principle, germane to all intestinal anastomoses, is that there should be an accurate apposition of serosa to serosa of the two segments of bowel to be anastomosed. The anastomosis should be watertight and performed without tension. The bowel must be handled gently with noncrushing forceps. The anastomotic line should be inverted and not everted. It is clear that when marginal conditions occur, an inverted anastomosis is more likely to remain intact than is the everted anastomosis.The fifth principle is not to tie the sutures so tight that the tissue is strangulated. Obviously, the sutures must bring the serosa of the two segments firmly together. Nonabsorbable sutures used for the anastomosis result in a stronger anastomotic line in the early healing phase when compared with reabsorbable sutures.The final principle involves realignment of the mesentery of the two segments of bowel to be joined. These should be parallel to each other and ensure that there is no twist on completion of the anastomosis.

Factors that significantly contribute to anastomotic breakdown include a poor blood supply, local sepsis induced by fecal spillage, drains placed on an intra-abdominal anastomosis, and an anastomosis performed in irradiated bowel. 

	Types of Anastomoses

	Intestinal anastomoses may be performed with sutures or staples. Properly performed, both have similar complication rates. In selected circumstances, however, one method may have advantages over the other. In general, sutured anastomoses are preferable for intestinal segments that are exposed to urine (i.e., suturing intestine to renal pelvis or bladder, closing the proximal end of a conduit [Costello and Johnson, 1984], and forming an intestinal pouch for urine).

	Enteroenterostomy by a Two-Layer Suture Anastomosis

	A 3-0 silk holding suture is placed on the mesenteric border just beneath the Allen clamps traversing both segments to be anastomosed, and a second suture is placed on the antimesenteric border similarly just beneath the Allen clamps (Fig. 106–3). It is important that the mesentery be cleaned sufficiently, so that these sutures are placed in the serosa under direct vision. A row of silk sutures is placed 2 mm apart between the two holding sutures. This is accomplished by rotating the two Allen clamps away from each other, thus apposing the serosal surfaces. Sutures must traverse the muscularis but should not traverse the full thickness of the bowel. After all sutures have been placed, each is tied and the tails of all the sutures cut except those at each end. These are used as holding sutures. The Allen clamps are removed, and hemostasis is achieved, if necessary, with the light application of electrocautery. A 3-0 double-ended chromic intestinal suture is placed in the posterior suture line through all layers and tied to itself. Each end of the suture is then run in a locking fashion away from the midpoint until the mesenteric and antimesenteric borders are approached. As the lateral aspects of the bowel are approached, the suture is converted to a Connell suture (Fig. 106–4), which proceeds onto the anterior bowel wall. The sutures meet anteriorly in the midline and are tied together. The anterior serosa is then apposed with interrupted 3-0 silk sutures. The noncrushing occlusive clamps are removed and the mesentery closed with interrupted 3-0 silk sutures.

Patency of the anastomosis is ensured by palpating the anastomosis with the thumb and forefinger and feeling an annulus of tissue around the fingers. This anastomotic technique is employed when the antrum pylori is removed and intestinal continuity is restored by a Billroth I procedure. It is also the most secure of all the anastomoses and should be used when one is forced to do an anastomosis under less-than-ideal circumstances.

	Enteroenterostomy with a Single-Layer Suture Anastomosis

	The mesenteries of the two segments of bowel to be anastomosed are aligned, and a 3-0 silk suture is passed through the seromuscular layers of both segments on the mesenteric side and a second suture similarly placed on the antimesenteric side. The mesenteric suture is tied, and the antimesenteric suture is left untied. The Allen clamps are removed, and hemostasis is achieved with light electrocautery. The critical point of the anastomosis, where most leaks occur, is at the mesenteric border. Leaking generally occurs because the sutures are placed carelessly or the serosa has not been cleaned of mesentery sufficiently that the sutures can be placed through it under direct vision. Because this mesenteric border is the critical area, it is approached first. Two 3-0 silk sutures are placed through the full thickness of the bowel on either side of the mesenteric holding suture. These sutures are placed in such a way as to include more serosa than mucosa, thus causing inversion of the suture line (Fig. 106–5A). Some prefer to use a Gambee stitch at this point, which involves placing the suture through the full thickness of the bowel and then traversing a small segment of mucosa of each segment of bowel before exiting through the full thickness of the bowel of the other segment (see Fig. 106–5B). The two bowel sutures on the mesenteric border are tied, with care taken to invert the suture line, thus apposing the serosa. Then 3-0 silk sutures are placed 2 mm apart, both on the anterior and on the posterior wall, inverting the suture line, thus apposing the serosa of the two bowel segments to each other. As the antimesenteric holding suture is approached, several sutures are placed before all are tied. A patent anastomosis is confirmed by feeling the annulus with the thumb and forefinger as described previously.

	End-to-Side Ileocolic Sutured Anastomosis

	The transected end of the colon is closed in the following manner (Fig. 106–6). A 3-0 silk suture is placed beneath the Allen clamp on the mesenteric border and a second suture on the antimesenteric border. These are tied. A 3-0 chromic suture is placed beneath the clamp in a horizontal mattress fashion. Beginning at the mesenteric border, it is tied to itself, and the horizontal mattress suture is placed until the antimesenteric border is reached, at which point the suture is again tied to itself. The clamp is removed, and an over-and-over suture is placed; the same chromic suture is used throughout the full thickness of the bowel until the point of origin is reached (i.e., the mesenteric border is approached). At this point, the suture is again tied to itself. The suture line is buried by approximating the serosa on each side with interrupted 3-0 silk sutures placed 2 mm apart. My preference is to close the end of the colon similarly to the way I close the proximal end of a conduit. After a 3-0 silk suture is placed through the serosa on the antimesenteric and mesenteric sides, the clamp is removed and a 3-0 chromic suture is placed through all layers at the mesenteric and antimesenteric end. A Connell stitch is used—the two chromic sutures meet in the middle and are tied together. Seromuscular sutures of 3-0 silk are placed to appose the serosal margins.

The mesenteries are aligned, and the ileal serosa is sutured with interrupted 3-0 silk sutures to the colonic serosa 2 mm below a taenia (Fig. 106–7). The taenia is incised the length of the diameter of the ileum adjacent to it. As described earlier for the two-layer anastomosis, a 3-0 double-ended intestinal chromic suture is placed through all layers of the colon and ileum in the midpoint of the posterior wall and run in a locking fashion laterally to either side of the incision in the taenia. At the most lateral border, the suture is converted to a Connell stitch, and the anterior wall is closed. Seromuscular sutures of 3-0 silk placed from ileum to colon bury the anterior suture line. The mesentery is reapproximated.

	Ileocolonic End-to-End Sutured Anastomosis with Discrepant Bowel Sizes

	A 3-0 silk suture is placed on the mesenteric border of the ileum and colon (Fig. 106–8). A second 3-0 silk suture is placed on the antimesenteric border of the colon immediately beneath the Allen clamp. The other end of the suture is placed on the antimesenteric border of the ileum at a distance proximal to the Allen clamp, such that the serosal lengths between the two sutures of both ileal and colon segments are equal. Thus, an equal amount of ileal serosa is applied to the length of colonic serosa bordering the severed end of bowel. In the seromuscular layers of ileum and colon, 3-0 silk sutures are placed 2 mm apart, thus apposing the serosa of the ileum to the colon. The Allen clamps are removed. Hemostasis is achieved and the antimesenteric border of the ileum incised to the level of the most proximal suture in the ileum. Thus, the bowel lumens now are of identical size. With a 3-0 chromic double-ended intestinal suture, the posterior row is run in a locking fashion and is laterally converted to a Connell stitch, and the anterior row is completed. Seromuscular sutures of 3-0 silk bury the anterior suture line.

	Stapled Anastomoses

	The theoretical benefits of a stapled anastomosis are that it provides a better blood supply to the healing margin, tissue manipulation is reduced, there is minimal edema with uniformity of suture placement, a wider lumen is created, greater ease and less time are involved in performing the anastomosis, and the length of postoperative paralytic ileus is reduced. When placed in intestine through which urine traverses, however, stapled anastomoses not infrequently cause stone formation (Bisson et al, 1979; Costello and Johnson, 1984).

Stapled anastomoses evert the suture line. Because staples close in a B and do not crush the tissue, they theoretically prevent ischemia at the suture line. This may be obvious when a staple line is used to transect the bowel and bleeding continues to occur. The bleeding points may be lightly electrocoagulated or tied off with fine absorbable suture. Stapled bowel anastomoses have been shown to be as efficacious as a hand-sewn anastomosis because both have similar complication rates. They usually require less time to place when the techniques are properly learned, but for prolonged procedures, they save little, if any, time when the length of time for the whole procedure is taken into account. In a large, prospective, randomized trial in which a two-layer closure was compared with a staple closure, it was found that the complication rate was the same, but the time required to complete the stapled anastomosis was 10 minutes less than that for the hand-sewn anastomosis; when the total operative time was compared between the two, it was the same (Didolkar et al, 1986). A comparison of complications between sutured and stapled anastomoses reveals a leak and fistula rate of 2.8% for stapled and 3.0% for sutured anastomoses (Chassin et al, 1978; Scher et al, 1982). The clinically significant leak rate, however, is only 0.9% (Fazio et al, 1985). A 4.5% incidence of stapled anastomotic leakage has been reported during ileal conduit construction (Costello and Johnson, 1984).

Thus, the use of staples depends on the preference of the surgeon. An area where a stapled anastomosis appears to be superior to a hand-sewn anastomosis is in an esophageal-intestinal anastomosis and a low rectal anastomosis. In these two areas, the circular stapler allows a more precise anastomosis than is often possible with hand-sewn techniques. Because these are not problems of urologic surgery, staples are used at the discretion of the surgeon. The one area in urology where the author believes the stapling device is superior is in the ileocolonic end-to-side anastomosis. With the circular stapling device, a widely patent anastomosis can be achieved expeditiously.

Three staple instruments are commonly employed in intestinal reconstruction: the linear stapler, the anastomotic stapler, and the circular stapler. The linear stapler places a double row of staggered staples in a straight line. Depending on the cartridge and instrument chosen, various lengths of staple lines and heights of the closed staples may be chosen. The length is selected depending on how long one wishes the staple line to be. The height of staple is selected according to the tissue to be stapled. Vascular and pulmonary tissues require staples with a closed height of 1 mm (open height of 2.5 mm). Most intestinal anastomoses are performed with medium staples, which have a closed height of approximately 1.5 mm (open height of 3.5 mm). Occasionally, for thick tissues, large staples are required that have a closed height of 2 mm (open height of 4.8 mm). If there is any doubt in selecting the staple size, the tissue thickness may be measured with a special instrument used for this purpose. In general, tissues less than 1 mm or greater than 3 mm thick are not amenable to the use of staples.
The anastomotic stapler places two linear double rows of staggered staples. When the knife is advanced, the staple line is divided. The height of the staples is chosen depending on the tissue to be transected.

The circular stapler places two concentric, staggered circular staple rows and cuts the tissue within the circle completely from the surrounding tissue. It may be selected in various diameters and with various heights of staples. The diameter and height are selected according to the tissue to be anastomosed. The diameter to be selected is determined by sizing the diameter of the tissue to be stapled. Special sizers are available for this maneuver. In most intestinal anastomoses in urology, the height of the closed staple is 1.5 to 2 mm. The following sections describe various types of stapled anastomoses.

	Ileocolonic Anastomosis with the Circular Stapling Device

	The mesenteric borders are cleared for a distance of 1.5 cm from the cut end of both the colon and the ileum (Fig. 106–9). Holding sutures of 3-0 silk are placed on the mesenteric and antimesenteric border of the colon. Two other holding sutures are placed on the medial and lateral walls of the colon, midway between the mesenteric and antimesenteric sutures. A purse-string suture of 2-0 polypropylene (Prolene) is placed around the ileum no more than 2 mm from the cut end. It is important to take small bites of mucosa to avoid bunching of tissue. Sutures must be placed evenly to avoid a gap. A purse-string instrument is available that can be used for this step, if preferred. The ileal diameter is determined with sizers so that an instrument with the correct circular stapler diameter may be chosen. A purse-string suture is also placed in a circle, 1 cm in diameter, through which a taenia traverses on the medial aspect of the colon. A stab wound is made in the center of the colonic purse-string suture. The distal anvil of the circular stapler is removed, and the instrument is placed through the open end of the colon with its post passed out the stab wound made in the center of the purse string on the medial wall of the colon. The purse string is tied tight. The top anvil is then secured to the post, and the ileum is placed over it. The ileal purse string is tied.

Care must be taken to align the mesenteries at this point. The instrument is approximated with a staple gap of 1.5 to 2 mm. Care must be taken not to catch fat or mesentery in the gap. The instrument is fired and is removed by rotatory movement from the colon. Two doughnuts of tissue should be identified on the instrument, and they should have their complete circumference intact with no gaps. A finger is placed in the open end of the colon and through the anastomosis, and seromuscular sutures of 3-0 silk are placed 3 to 4 mm apart around the circumference of the anastomotic line.

The transected end of the colon may be closed by the suture technique or with staples. If the end is to be closed with sutures, one 3-0 chromic suture is brought out the mesenteric border and another out the antimesenteric border, and both are tied to themselves with the knots on the inside of the bowel. The two sutures are run to each other with a Connell stitch until they meet, at which point they are tied to each other. The suture line is inverted by placing a second row of 3-0 silk seromuscular sutures. If staples are preferred, the holding sutures are held up and a linear stapler is applied across the open end. Excess tissue is trimmed and the stapler removed. By holding the holding sutures up, one is secure in applying the staple line to the serosa and mucosa circumferentially around the bowel. Some invert the staple line with seromuscular sutures of 3-0 silk. This, however, is not necessary. The mesentery between the two segments is now approximated with interrupted 3-0 silk sutures.

	End-to-End Stapled Anastomosis: Ileal-Ileal or Ileocolonic Anastomosis

	The antimesenteric border of the two bowel segments to be joined is approximated with a 3-0 silk suture 5 to 6 cm from the cut ends of the bowel (Fig. 106–10). A holding suture is placed through both segments of bowel at their cut ends at the midpoint of the antimesenteric borders. Stay sutures are placed at the mesenteric border of each bowel segment, and two other sutures midway between the mesenteric and antimesenteric border on the lateral aspects of the bowel are also placed. The anastomotic stapler is positioned in the lumens of both segments of bowel along the antimesenteric border. The antimesenteric holding suture is pulled up adjacent to the stapler. The anastomotic stapler is locked in place, the staples are fired, and the knife is advanced. The staple lines are inspected for bleeders, which if persistent should be suture-ligated with an absorbable suture. It is important that several 3-0 silk sutures be placed at the apex of the stapled and cut antimesenteric incision. At this point, slight tension on the anastomotic line can place undue stress on the staple margin and cause a leak. The holding sutures are held up, and a linear stapler is placed across the open end of bowel and fired. Care must be taken so that the staples include the serosa in its entire circumference. Excess bowel tissue is excised flush with the instrument before it is disengaged. The mesentery is then reapproximated.

	Intestinal Anastomosis with Biofragmentable Ring

	Several studies have shown that the biofragmentable ring for intestinal anastomoses is as safe as hand-sewn anastomoses but more costly (Pahlman et al, 1997; Choi et al, 1998).

	Postoperative Care

	The patient should not be allowed to begin oral alimentation until bowel function returns after surgery. Coordinated small bowel activity begins within hours after the operative event, and stomach activity may return as early as 24 hours postoperatively. Clear liquids may be begun when the paralytic ileus resolves and bowel activity resumes. If clear liquids are tolerated, the diet may be advanced. This sequence of events generally takes 2 to 4 days. If the nutritional condition of the patient is impaired preoperatively, there is a postoperative complication that delays feeding, or the paralytic ileus is still present on the fifth postoperative day, IV nutrition that supplies the total caloric requirement (hyperalimentation) should be begun. It is preferable to begin the hyperalimentation the day after surgery if any of these complications are anticipated. Once started, hyperalimentation is discontinued only when oral intake is sufficient to satisfy the body's caloric requirements. The use of a jejunal feeding tube for the early institution of intestinal feeding has been advocated by some but has not been shown to have any significant advantage over the use of hyperalimentation as outlined here.

The use of nasogastric or gastrostomy decompression during the postoperative period of ileus is somewhat controversial. In a prospective study of elective intestinal anastomoses in which 274 patients had postoperative gastric decompression and 261 patients were given nothing by mouth until bowel activity resumed, there was no significant difference in major intestinal complications between the two groups; however, those who did not have gastric decompression showed a much greater incidence of abdominal distention, nausea, and vomiting. It must be understood that only healthy patients with no complications were entered into the study. Sixty percent of the patients initially entered were excluded. Specific exclusion criteria included emergency surgery with peritonitis, extensive fibrous adhesions, enterotomies, previous pelvic irradiation, intra-abdominal infection, pancreatitis, chronic obstruction, prolonged operating time, and difficult endotracheal intubation (Wolff et al, 1988). It is therefore prudent to decompress all but the most medically fit because vomiting in the postoperative period increases the risk of aspiration and morbidity in the compromised patient. Moreover, tube decompression allows the administration of ice chips by mouth before enteric activity resumes, thus enhancing the comfort of the patient. If the patient has severe pulmonary disease, decompression by placing a gastric tube at the time of surgery facilitates pulmonary toilet and enhances the patient's comfort. In patients who have significant comorbid conditions such as sepsis, one should consider giving the patient a histamine (H2) blocker and giving an antacid by way of the stomach tube every 2 hours as necessary to keep the gastric pH above 5 during the period of ileus. Keeping the gastric contents alkaline in these critically ill patients in the postoperative period markedly reduces the incidence of gastric stress ulceration.

Because many studies have shown that after intestinal surgery, the absence of a nasogastric tube in the postoperative period does not increase intestinal anastomotic complications compared with the use of nasogastric tubes, there is a trend to reducing the length of time the nasogastric tube is in place. In patients who underwent a radical cystectomy and who were given metoclopramide 10 mg intravenously every 6 hours until they took fluids orally, the authors found that three quarters of the nasogastric tubes could be removed in less than a day; when compared with the standard regimen of nasogastric tube drainage, the group given metoclopramide had a much earlier return of bowel function (Donat et al, 1999).

	Complications of Intestinal Anastomoses

	The complications that occur after anastomoses include leakage of fecal contents, sepsis, wound infections, abdominal abscesses, hemorrhage, anastomotic stenosis, pseudo-obstruction of the colon (Ogilvie's syndrome), and intestinal obstruction. These untoward events increase morbidity and are frequently major contributors to mortality. The complication rates for elective colocolonic and ileocolonic anastomoses performed in prepared bowel are intestinal leakage, 2%; hemorrhage, 1%; and stenosis or obstruction, 4%. These complications require reoperations in 1% of the patients and result in death in 0.2% (Jex et al, 1987).

	Fistulas

	Fistulas in the postoperative period are of two types: fecal and urinary. These generally occur within the first several weeks after the operative event. They frequently result in sepsis and markedly increase morbidity and mortality. Fecal fistulas occur in 4% to 5% of patients (Sullivan et al, 1980; Beckley et al, 1982). Sepsis is a common complication of these untoward events and carries with it a mortality of 2% (1 of 47 patients) (Hill and Ransley, 1983).

	Sepsis and Other Infectious Complications

	Wound infections, pelvic abscesses, and wound dehiscences may all complicate the immediate postoperative period. Although wound dehiscences and pelvic abscesses are rare complications, morbid wound infections occur with an incidence of 5% (3 of 62 patients) (Loening et al, 1982). One can avert many of these complications by operating on a properly prepared bowel, walling off the intestine with Mikulicz pads while the anastomosis is being completed, and irrigating the intestinal segment to be used in the reconstruction until it is free of any residual enteric contents before it is manipulated and its contents are spilled into the abdomen and pelvis.

	Bowel Obstruction

	The incidence of intestinal obstruction after abdominal procedures for urinary intestinal diversion differs depending on whether the stomach, ileum, or colon is used for the diversion. In patients who have had a segment of stomach or ileum removed for the diversion, there is a 10% incidence of postoperative bowel obstruction requiring treatment. When the colon is used, the incidence of postoperative obstruction requiring an operation is 5% (Table 106–3). Half the bowel obstructions occur in the early postoperative period. In one series, in the first 6 months after radical cystectomy and ileal conduit, 15% of the patients had a mild obstruction that responded to conservative management, whereas 3% required an operation to relieve the obstruction during this period. The occurrence of obstruction after this 6-month period was much less frequent (Sullivan et al, 1980). Bowel obstruction can be a morbid event, and a significant portion of patients who develop obstruction after an ileal conduit and require an operation die. The most common cause of the obstruction is adhesions followed by recurrent cancer. These two causes account for the great majority of the cases. Volvulus and internal hernia account for far fewer cases (Jaffe et al, 1968). Rarely, severe stenosis or obstruction at the anastomotic suture line occurs. The former is a result of edema, poor technique, or performing the anastomosis on ischemic bowel (Fig. 106–11), and the latter the result of improper technique.

One can reduce the incidence of postoperative bowel obstruction by using nonirradiated bowel, performing the anastomosis on well-vascularized bowel, closing all apertures, reperitonealizing the isolated segment, decompressing the gastrointestinal tract for an adequate period of time, placing omentum over the anastomosis, and reconstituting the pelvic floor after exenterative surgery. The isolated segment is reperitonealized by tacking its antimesenteric border to the lateral abdominal side wall peritoneum. The proximal mesenteric border should be tacked to the posterior parietal peritoneum because failure to obliterate this potential space has resulted in entrapment of bowel, causing a bowel obstruction. The pelvic space left after an anterior exenteration may be closed by placing the sigmoid colon in the area. This effectively prevents small bowel from herniating into the raw pelvis. Omentum may also be mobilized and used to fill any space the sigmoid colon does not fill. In a total exenteration, sufficient sigmoid colon is not available, and often the omentum is not bulky enough to fill the pelvis and thus prevent small bowel from filling the denuded pelvis. This situation is of particular concern in patients who must receive postoperative pelvic irradiation. The bowel may be kept out of the pelvis in these patients by reconstructing the pelvic floor with polyglactin mesh. The mesh is sutured along the posterior pelvic brim to the sacral promontory and presacral fascia and laterally to the adventitia of the iliac vessels. Laterally and anteriorly, it is sewn to the peritoneum two thirds of the distance between the pubis and the umbilicus. Omentum is then brought down, placed over the mesh, and sutured in position. This effectively excludes the bowel from the pelvis for 4 to 6 weeks while postoperative irradiation is being administered (Sener et al, 1989).

	Hemorrhage

	Hemorrhage is a rare complication of intestinal anastomoses. It is much more likely to occur when stomach is used and a Billroth I anastomosis is created. It is usually due to failure to secure bleeding at the time of anastomosis or to anastomotic ulcers that develop on the suture line.

	Intestinal Stenosis

	Intestinal stenosis occurs at two distinct times: in the immediate postoperative period and over the long term. Intestinal stenosis in the immediate postoperative period is due to technical mishaps or edema. The latter resolves by continuation of the intestinal decompression, whereas the former requires a reoperation. Over the long term, it is likely due to ischemia or perienteric infection. Figure 106–11 shows an upper gastrointestinal tract series of a severe intestinal stenosis caused by ischemia. At the time of the ileoileostomy, the suture line was blue. Chronic symptoms of partial small bowel obstruction occurred in the postoperative period.

	Pseudo-obstruction

	Pseudo-obstruction of the colon, or Ogilvie's syndrome, on rare occasion may complicate the early postoperative period. Its cause is not understood. Pseudo-obstruction usually occurs within the first 3 days postoperatively in patients with multiple medical illnesses. The patient complains of severe abdominal pain, and a roentgenogram of the abdomen reveals a dilated cecum. A gentle water-soluble contrast enema eliminates the possibility of a mechanical obstruction. In the presence of a rising leukocyte count or cecum that is increasing in size and exceeds 12 to 15 cm in diameter, rupture may be imminent. Under these circumstances, an emergency cecostomy should be performed (Clayman et al, 1981). In less acute circumstances, endoscopic decompression may be attempted.

	Complications of the Isolated Intestinal Segment

	

	Intestinal Stricture

	Strictures of intestinal segments are usually late complications primarily occurring in conduits, although they have been described in ileal ureters as well (Hardy et al, 1977). The stricture is thought to be a consequence of lymphoid depletion of the intestine exposed to urine. The lymphoid depletion contributes to persistent infection, which may result in midloop stricture, bacterial seeding of the upper tracts, and renal deterioration (Tapper and Folkman, 1976). Because of the persistent infection and lack of intestinal resistance to the detrimental action of bacteria, submucosal edema with fibrosis and stricture formation occurs. The intestinal segment may also be blocked by encroachment of hypertrophied mesenteric lymph nodes. Hypertrophied mesenteric lymph nodes, submucosal lymphoid depletion, edema, and fibrosis are commonly found when intestinal segments that have been chronically exposed to urine are examined pathologically.

	Elongation of the Segment

	Another complication of the intestinal segment is elongation—occasionally resulting in massive enlargement. When this occurs in conduits or ureteral substitutes, there is usually a distal obstruction. In continent diversions, it may signal failure to catheterize the pouch intermittently frequently enough. If allowed to persist, the increased pressure may result in deterioration of renal function. Enlargement and elongation of the intestine may also result in a volvulus of the segment (Fig. 106–12).

	Abdominal Stomas

	Two types of stomas may be created on the anterior abdominal wall: those that are flush and those that protrude. The former is preferable for the continent type of diversion in which intermittent catheterization is carried out and over which a small dressing is placed. The latter is preferable when a collection device is worn. A properly protruding stoma worn with an appliance results in a lesser incidence of stomal stenosis with epithelial overgrowth and a better appliance fit with fewer peristomal skin problems. There are two types of protruding stomas: the end stoma and the loop end ileostomy. Most complications of stomas are the result of technical errors in their creation. Therefore, one must rigidly adhere to specific technical points to minimize such complications.

The site of the stoma should be selected preoperatively. This is done by marking the stomal site with the patient in the sitting position as well as the supine position, care being taken to place it over the rectus muscle at least 5 cm away from the planned incision line. The point chosen should be well away from skin creases, scars, the umbilicus, belt lines, and bony prominences. A site in which radiotherapy has previously injured the area should be avoided. All stomas should be placed through the belly of the rectus muscle and be located at the peak of the infraumbilical fat roll. If the stoma is placed lateral to the rectus sheath, a parastomal hernia is likely to occur. The bowel should traverse the abdominal wall perpendicular to the peritoneal lining (i.e., it should come straight out). Trimming fat or epiploic appendages from around the margin of the stoma should be avoided, and the appliances should be applied in the operating room.

A circular incision is made at the predetermined site. A perfectly circular opening in the skin may be created by placing the finger hole of a Kelly clamp at the desired point and grasping the skin in the center of the hole with a Kocher clamp. By pulling up on the Kocher clamp and pushing the handle of the Kelly clamp against the abdominal wall, one can remove a small button of skin with a single pass of the knife. This creates a perfectly circular opening in the skin. However, one must remember that the tendency to remove too much skin is great, resulting in a circular opening that is too large. To avoid this complication, one should not cut the skin flush with the Kelly clamp but rather immediately beneath the Kocher clamp. The subcutaneous tissue is left intact. This is spread, not excising any fat, for the fat falls back adjacent to the bowel and eliminates any dead space. Kocher clamps are placed on the fascia in the incision and pulled medialward so that when the fascia and peritoneum are incised, they are incised directly over the skin line and thus do not result in angulation of the gut when the abdominal incision is closed. The fascia is incised in a cruciate manner, and the rectus muscle is spread. The peritoneum is incised. The opening should accommodate two fingers snugly.

	Nipple Stoma: "Rosebud"

	A Babcock clamp is placed through the opening, and the bowel is grasped and brought out for a distance of 5 to 6 cm to create a nipple of about 2 to 3 cm in length (Fig. 106–13). Two 3-0 chromic sutures are placed through the seromuscular layer of the bowel and the peritoneum on the anterior abdominal wall. Alternatively, the serosa may be sutured to the fascia with two 2-0 chromic sutures. It should be noted that the mesentery is aligned in its normal anatomic direction before the serosa is sutured to the peritoneal wall. Usually, the ileum is curved concave toward the mesentery. If this curvature is severe, the mesentery may be partially incised 1 cm from the bowel wall (Fig. 106–14). Thus, a portion of mesentery is preserved along the entire length of the bowel. This should straighten the curve in the bowel significantly if not completely. Four 3-0 chromic sutures are placed in quadrants through the full thickness of the bowel edge and through the seromuscular layer of the bowel 3 to 4 cm from the cut edge and then through the subcuticular skin layer. Sutures should not traverse the full thickness of the skin but through the subcuticular and subdermal layers only.

When the sutures are tied, the bowel is everted and forms a nipple. A more secure nipple may be formed with multiple myotomies through the seromuscular layer of the bowel above the skin line before creation of the nipple. The myotomies adhere serosa to serosa and reduce the risk of stomal retraction. This is particularly appropriate for patients who are obese.

	Flush Stoma

	Quadrant 3-0 chromic sutures are placed through the full thickness of the bowel and subsequently passed through the subdermal layer of the skin and tied. Several sutures are placed between the quadrant sutures from bowel to subdermal skin. This creates a flush stoma that has a 1-mm raised margin.

	Loop End Ileostomy

	Obese patients have a thick abdominal wall and often a thick, short ileal mesentery. This makes the creation of an end ileal stoma extremely difficult. The loop end ileostomy obviates some of these problems and is usually easier to perform than the ileal end stoma procedure in the patient who is obese (Fig. 106–15). To create this type of stoma, one closes the distal end of the ileum as described previously for closing the proximal end of an intestinal segment and brings a loop up through the belly of the rectus muscle and onto the anterior abdominal wall. This avoids bringing the mesenteric border onto the abdominal wall and prevents one side of the ileostomy from being involved with mesentery. A slightly larger skin opening is required than for the end stoma. A 3-cm disc of skin is removed. The subcutaneous tissue is spread, the fascia incised, the rectus spread, and the peritoneum incised as described earlier. The opening should admit two fingers comfortably. The loop may be pulled through the opening in the abdominal wall by passing an umbilical tape through a small opening in the mesentery at a distance from the distal end that is sufficient to leave that end in the abdomen when the loop has been pulled through the abdominal wall. By gentle traction on the umbilical tape, the loop is brought onto the abdomen.

The distal portion of the bowel is brought through the opening such that the closed end lies cephalad to the body of the segment. When a sufficient amount of loop protrudes beyond the skin edge, a small rod is placed through the hole in the mesentery at the apex of the loop and holds the bowel on the anterior abdominal wall during suturing. If the rent in the rectus muscle is too large, it may be closed with interrupted 0 chromic sutures from within the abdomen. The serosa is sutured to the peritoneum on the anterior abdominal wall. The bowel wall is opened in a transverse direction at a point four fifths of the distance cephalad to the most caudal portion of the loop. With 3-0 chromic sutures, the full thickness of the caudal incision in the bowel is sutured back to itself (serosa) and then to the dermis as in the rosebud technique. The cephalad nonfunctional opening is sutured directly to the dermis. The rod is sutured to the skin and left in place for 7 days.

This type of stoma results in a lesser incidence of stomal stenosis but a higher incidence of parastomal hernias (Emmott et al, 1985). Stomas for the colon may be created in much the same way as end stomas for the ileum. Their suturing, however, is usually more flush than everted.

	Complications of Intestinal Stomas

	Complications of the abdominal stoma are the single most common problem encountered in the postoperative period after urinary intestinal diversion. Early complications of abdominal stomas include bowel necrosis, bleeding, dermatitis, parastomal hernia, prolapse, obstruction, stomal retraction, and stomal stenosis. At some point, virtually every patient has one of these complications. Many of these complications can be reduced by proper construction of the stoma. If periodic visits with the enterostomal therapist are made, products for skin care are appropriately used, nonirritative stomal adhesives are employed, the urine in the collection device is maintained acidic, and properly fitting collection devices are used, most stomal complications can be significantly reduced and many eliminated.

Parastomal skin lesions may be classified as (1) irritative, which are manifested by hypopigmentation, hyperpigmentation, and skin atrophy; (2) erythematous erosive lesions, which appear as macular lesions, scaling of the skin, and loss of the epidermis; and (3) pseudoverrucous, which are wartlike lesions (Borglund et al, 1988).

Stomal stenosis has been reported, on average, in 20% to 24% of patients with ileal conduits and 10% to 20% of patients with colon conduits (see Table 106–3). This incidence has been considerably reduced by better attention to stomal care and better-fitting appliances. Stomal stenosis is less for loop stomas than for end stomas. Parastomal hernias occur rarely (1% to 4%) with end stomas but are more likely to occur with loop stomas, with reported incidences ranging from 4% to 20%.

Bleeding, stomal stenosis, and dermatitis can be markedly reduced by attention to parastomal skin care and by the use of a properly fitting appliance around a protruding stoma. The other complications are minimized by proper surgical technique.

Occasionally, massive bleeding from the conduit occurs, usually as a result of varices. There have been several interesting reports of patients who have developed ileal conduit varices, generally as a result of hepatic dysfunction and portal hypertension. Treating these by transhepatic portal systemic shunt and transhepatic angiography and embolization is a relatively minimally invasive technique that has promise and is worthwhile utilizing in these difficult patients (Lashley et al, 1997; Medina et al, 1998).

	Ureterointestinal Anastomoses

	The ureter may be anastomosed to the colon or small bowel in such a manner as to produce a refluxing or nonrefluxing anastomosis. There is considerable controversy as to whether a nonrefluxing or refluxing anastomosis is desirable in urinary tract reconstruction. Deterioration of the upper tracts for ileal and colon conduits has been reported in 10% to 60% of the patients. In one series, 49% of the upper tracts showed changes after conduit diversion, 16% of which had a blood urea nitrogen increase of 10 mg/dl or more (Schwarz and Jeffs, 1975). Deterioration of the upper tracts is usually a consequence of either infection or stones or less commonly obstruction at the ureteral intestinal anastomosis. Because bacteriuria occurs in almost all conduits and because the intestine certainly does not inhibit and may, in fact, promote bacterial colonization, many have suggested that a nonrefluxing anastomosis would minimize the incidence of renal deterioration.

The evidence suggesting that a nonrefluxing system in urinary intestinal diversions is desirable comes from several observations. In a group of patients who had nonrefluxing colon conduits constructed, those whose anastomoses remained nonrefluxing had a lesser incidence of renal deterioration than those in whom the antireflux anastomosis failed. Follow-up for 9 to 20 years revealed that 79% (22 of 28 patients) of the refluxing renal units deteriorated, whereas only 22% (11 of 51 patients) of the nonrefluxing units deteriorated (Elder et al, 1979; Husmann et al, 1989). Others have reported that in continent diversions, the majority of patients who experience reflux show upper tract dilatation and deterioration, whereas few show upper tract deterioration when a nonrefluxing anastomosis is present (Kock et al, 1978). Similar findings have been reported in experimental animals.

If a nonrefluxing ureteral colonic conduit diversion is constructed, only 7% of the renal units show evidence of pyelonephritic scarring after 3 months, whereas if a refluxing anastomosis is constructed, 83% of the renal units show scarring. Half the conduits in both groups have significant bacteriuria (Richie and Skinner, 1975). Others have not found the same high incidence of renal deterioration associated with ureteral intestinal reflux. One group of investigators studying colon conduits noted no difference in the incidence of renal deterioration regardless of whether the colon conduit experienced reflux: 17% (5 of 29) of nonrefluxing renal units showed deterioration compared with 18% (5 of 27) of refluxing units (Hill and Ransley, 1983). In another series, only 3 of 135 renal units with refluxing ureteral intestinal anastomoses that were unobstructed showed evidence of renal deterioration (Shapiro et al, 1975).

It does not appear that conduit pressures are transmitted to the renal pelvis. The pressure within the renal pelvis in refluxing conduit diversions is not elevated above normal, and it is not dependent on the segment of bowel used (i.e., ileum or colon) (Magnus, 1977; Kamizaki and Cass, 1978; Hayashi et al, 1986). Peristaltic ureteral contractions apparently dampen pressure transmission from intestine to renal pelvis, attesting to the importance of normal ureters. When bowel is substituted for the ureter, it does not appear that it makes any difference whether there is reflux at the bladder. The voiding pressure is blunted by the distensible bowel segment. Moreover, in renal function measured 2 to 5 years postoperatively, there is no difference in ileal and colon conduits between those who experience reflux and those who do not (Mansson et al, 1984). Also, the successful creation of an antirefluxing anastomosis does not prevent bacterial colonization of the renal pelvis. In six of eight patients with nonrefluxing enterocystoplasties and one patient with a nonrefluxing colon conduit in whom the absence of reflux was documented by loopogram, percutaneous renal pelvic aspiration revealed positive cultures (Gonzalez and Reinberg, 1987). One stated advantage of a refluxing anastomosis in patients who have urothelia that are prone to malignancy is that the upper tracts may be followed by periodically introducing contrast material into the conduit. From these studies, it appears that reflux associated with impaired ureteral peristalsis in the presence of bacteriuria or obstruction results in renal deterioration, but it has not been established either for conduit or for continent diversions that reflux associated with the normal ureter in the absence of obstruction is detrimental to the adult kidney.
Although many techniques have been described for creating the various types of ureterointestinal anastomoses, certain basic surgical principles are germane to all the anastomoses regardless of type. Only as much ureter as needed should be mobilized so that there is no redundancy or tension on the anastomosis. Mobilization should not strip the ureter of its periadventitial tissue because it is in this tissue that the ureter's blood supply courses. The ureter should be cleaned of its adventitial tissue for only 2 to 3 mm at its most distal portion where the ureter-to-intestinal mucosal anastomosis is to be performed. The ureterointestinal anastomosis must be performed with fine absorbable sutures, which are placed so that a watertight mucosa-to-mucosa apposition is created. The bowel should be brought to the ureter and not vice versa (i.e., the ureter should not be extensively mobilized so that it can be brought into the wound to the bowel lying on the anterior abdominal wall). At the completion of the anastomosis, the bowel should be fixed to the abdominal cavity, preferably adjacent to the site of the ureterointestinal anastomosis. If possible, the anastomosis should be retroperitonealized, or a pedicle flap of peritoneum should be placed over the anastomosis.

In those diversions in which the intestinal stoma is brought to the abdomen and the proximal end of the bowel fixed to the retroperitoneum, there are two places where the bowel may be conveniently fixed to the retroperitoneum without jeopardizing mesenteric blood supply. The most convenient point of fixation is below the root of the small bowel mesentery at the level of the pelvic brim. The ureterointestinal anastomosis may be retroperitonealized at the level of the pelvic brim, thus fixing the bowel segment to the posterior body wall. When the ureters are short, a more cephalad fixation to the posterior peritoneum may be accomplished by placing the proximal end in the right upper quadrant cephalad to the take-off of the right colic artery and immediately below the duodenum. This is a relatively avascular area and places the intestine fairly close to the right and left kidneys, thus reducing the length of ureter required to reach the intestinal segment.

Perhaps one of the most difficult complications of ureterointestinal anastomoses to manage is a stricture. Strictures are generally caused by ischemia, a urine leak, radiation, or infection. The incidence of urine leak for all types of ureterointestinal anastomoses is 3% to 5% (see Table 106–3). This incidence of leak can be reduced to near zero if soft silicone (Silastic) stents are used. In one series of ureterointestinal anastomoses done at the same institution, the nonstented group had a 2% anastomotic leak and a 4% stricture rate. When non-Silastic rigid stents were used, there was a 10% incidence of stricture. When a soft Silastic stent was used, however, there were no strictures or leaks (Regan and Barrett, 1985). In a similar series in which colon conduits were created after gynecologic exenterative operations, the nonstented group had an 18% leak rate and an 18% stricture rate, whereas those who had stents had a 3% leak rate and an 8% stricture rate (Beddoe et al, 1987). Thus, the evidence indicates that modern soft Silastic stents are effective in reducing the leak rate and subsequent stricture formation. Also, better technique and better suture materials have reduced the incidence of stricture in nonrefluxing anastomoses. A 1996 series of nonrefluxing ureteral colon anastomoses reported an 8% incidence of stricture formation (Stein et al, 1996).

In creating a submucosal tunnel in those procedures in which a nonrefluxing anastomosis is made, it is often helpful to inject saline with a 25-gauge needle submucosally to raise the mucosa away from the seromuscular layer. This makes dissection considerably easier (Menon et al, 1982).

These principles of surgical technique are common to all ureterointestinal anastomoses. Each type of ureterointestinal anastomosis, however, has specific technical points unique to its creation. Techniques involving ureterocolonic anastomoses are discussed first, followed by ureteral small bowel anastomoses.

	Ureterocolonic Anastomoses

	

	Combined Technique of Leadbetter and Clarke

	The combined technique of Leadbetter and Clarke establishes a nonrefluxing ureterocolonic anastomosis by employing a submucosal tunnel. The technique combines the ureterocolonic anastomosis of Nesbit, which is a refluxing elliptical anastomosis to the intestine, with the tunneled technique of Coffey (Fig. 106–16) (Leadbetter and Clarke, 1954). The anterior taenia is incised obliquely for 2.5 to 3 cm as close to the mesenteric border as possible. The mucosa is dissected off the muscularis for the entire length of the incision. At the distal end of the incision in the taenia, the mucosa is picked up with a fine Adson forceps, and a small button is excised. The ureter is spatulated for 5 to 7 mm such that an elliptical anastomosis may be created. The ureter is sewn mucosa-to-mucosa with 5-0 PDS either with a running suture or with interrupted sutures with the knots tied on the outside. If the suture line is to be run, it is well to begin the anastomosis at the apex ofthe ureter. This suture is tied, and the posterior row is run to the most distal portion of the ureter, which is subsequently tied. A second running suture completes the anterior aspect. The seromuscular layer is then reapproximated loosely over the ureter in such a way as to allow "the ureter [to] lie in the bowel as a hammock without being compressed" (Leadbetter and Clarke, 1954). The bowel should be fixed to the peritoneum such that there is no tension on the ureters. The complications reported with this procedure include a leak rate of 2.5%; deterioration of the upper tracts, which varies between 4.3% and 25%; and a stricture rate that varies between 8% and 14% (Table 106–4).

	Transcolonic Technique of Goodwin

	The transcolonic technique of Goodwin establishes a nonrefluxing ureterocolonic anastomosis by creating a submucosal tunnel (Fig. 106–17). With this technique, the anastomosis is performed from within the bowel (Goodwin et al, 1953). If it is performed in bowel in continuity with the gastrointestinal tract, a noncrushing occlusive clamp is applied across the bowel cephalad to the desired point of the ureterointestinal anastomosis. This clamp is loosely placed about the bowel and is placed in such a way as not to occlude the arterial supply in the mesentery. A vertical incision is made in the bowel anteriorly, and the desired point of entrance of the ureter into the bowel is identified. A 0.5-cm incision is made in the posterior mucosa, and with a curved hemostat, the mucosa is dissected from the submucosal layer in an oblique fashion coursing from medial to lateral. The hemostat is passed beneath the mucosa for a distance of approximately 3 to 4 cm and then brought through the serosa. A traction suture that has been placed on the ureter is then grasped with the hemostat and the ureter brought into the colon. Both ureters should be brought into the bowel before suturing them to the mucosa. The ureters should lie without tension or angulation. A No. 5 feeding tube is passed through the ureter to be sure that there is no kinking as it passes through the bowel wall. The redundant ureter is excised, and its end is spatulated and sewn to the mucosa with interrupted 5-0 PDS, care being taken to include with the mucosa some muscularis so that the ureter is securely fixed in place. A Silastic stent is placed up both ureters. As the ureters come through the serosa from without the bowel, the adventitia of the ureter is sutured to the serosa of the colon with two 4-0 PDS.The anterior bowel wall is closed in two layers. The reported results with this technique appear to be quite satisfactory; however, specific reliable data on the complication rate are not available.

	Strickler Technique

	The Strickler technique establishes a nonrefluxing ureterocolonic anastomosis by creating a submucosal tunnel (Fig. 106–18) (Strickler, 1965; Jacobs and Young, 1980). A 1-cm incision is made on the margin of the taenia. Originally, the technique described removal of a 2-mm button of seromuscular tissue. A 2-cm tunnel is formed laterally beneath the seromuscular layer with a hemostat. The seromuscular layer is incised, with care taken not to tent up the mucosa and inadvertently incise it. The holding suture in the ureter is grasped and drawn through the submucosal tunnel. The ureter is spatulated for 0.5 cm. A button of mucosa is removed, and the full thickness of the ureter is sewn to the mucosa of the bowel with either interrupted or running 5-0 PDS. The serosa is reapproximated over the ureter with 4-0 silk sutures. The serosal suture line is perpendicular to the course of the ureter. Where the ureters enter the serosa, they are also fixed with interrupted 4-0 PDS. A lateral peritoneal flap is placed over the anastomosis. The advantage of this anastomosis is that because the taeniae do not need to be aligned, one can form the tunnel according to the normal course of the ureter and avoid angulation. This technique reliably prevents reflux but results in a stricture rate of approximately 14% (see Table 106–4).

	Pagano Technique

	The Pagano technique establishes a nonrefluxing ureterointestinal anastomosis by creating a submucosal tunnel (Fig. 106–19) (Pagano, 1980). The taenia is incised for a length of 4 to 5 cm and the seromuscular layer separated from the mucosa on both sides of the taenia laterally as far as the mesenteric border. The ureter is brought in one end (i.e., the distal end) laterally and laid in the 4- to 5-cm tunnel paralleling the mesenteric border. A button of mucosa is excised, and the ureters are spatulated and sutured to the mucosa with either interrupted or running 5-0 PDS. The seromuscular layer is then closed loosely with silk sutures in the midline. Each suture includes the seromuscular layer of the taenia and the mucosa in the midline. This technique has a reported low complication rate. The leakage rate is approximately 3%, the stricture rate is 7%, and the reflux rate is approximately 6% (see Table 106–4) (Pagano et al, 1984).

	Cordonnier and Nesbit Techniques

	The Cordonnier and Nesbit techniques use no tunnel and are direct refluxing anastomoses of the ureter to the colon (Nesbit, 1949; Cordonnier, 1950). They are not desirable for ureterosigmoidostomies, and perhaps their only role lies in creating a refluxing ureterocolonic conduit anastomosis. They are performed in much the same way a Bricker anastomosis would be performed for the small bowel (see later).

	Small Bowel Anastomoses

	There are a number of ureteral–small bowel anastomoses, which are of two basic types: end-to-side or end-to-end. The end-to-side anastomoses may be constructed in a refluxing or nonrefluxing manner.

	Bricker Anastomosis

	The Bricker anastomosis is a refluxing end-to-side ureteral small bowel anastomosis that is simple to perform and has a low complication rate (Fig. 106–20) (Bricker, 1950). Although originally described for the small bowel, it may be employed in any suitable intestinal segment. The original description involved suturing the adventitia of the ureter with interrupted silk sutures to the serosa of the bowel. The mucosa and serosa were incised; a small mucosal plug was removed; and with fine reabsorbable chromic sutures, the full thickness of the ureter was sewn to the mucosa of the bowel. The anterior layer of ureteral adventitia was then sewn with interrupted silk sutures to the serosa of thebowel. A less cumbersome method of performing this anastomosis is to excise a small button of seromuscular tissue and mucosa, spatulate the ureter for 0.5 cm, and suture the full thickness of the ureter to the full thickness of the bowel (i.e., mucosa and seromuscular layer to ureteral wall) with either interrupted or running 5-0 PDS. The anastomosis is stented with a soft Silastic catheter. The stricture rate for this anastomosis varies between 4% and 22% (average of 7%) with a leak rate of approximately 4% in the absence of stents (see Table 106–4).

	Wallace Technique

	A frequently employed anastomotic technique is that of Wallace, in which the end of the intestine is sutured to the end of the ureter (Fig. 106–21) (Wallace, 1970; Albert and Persky, 1971). This is a refluxing anastomosis. The intestinal segment employed may be either small bowel or colon. There are three basic types of anastomoses: (1) The end of one ureter is sutured to the end of the other ureter, and this composite anastomosis is sutured to the end of the bowel. (2) AY-anastomosis of the ureters is created, and this is sutured to the end of the bowel. (3) A head-to-tail ureteroureteral anastomosis is formed, which is then sutured to the end of the bowel. The ureters are spatulated for 1.5 to 2 cm, and fine 5-0 PDS is used for each anastomosis.

For the first anastomosis, a fine suture is placed at the apex of each ureter with the knot tied to the outside. The posterior medial ureteral walls are sutured together, and the anterior lateral walls are sutured directly to the bowel with interrupted 5-0 PDS. Where the suture line of the end of the ureters comes to the bowel, a horizontal mattress suture is placed to make the anastomosis watertight. If a Y type of anastomosis is desired, after the posterior ureteral walls are sutured together as described previously, the anterior walls of the ureters are sutured together, and the end of the composite anastomosis is sutured to the bowel. Again, where the suture lines meet the bowel, a horizontal mattress suture is placed so that the anastomosis is watertight. The head-to-tail anastomosis involves suturing the end of one ureter to the apex of the other. The posterior medial walls of the two ureters are approximated. The anterior lateral walls are sutured to the bowel. The Wallace anastomosis has the lowest complication rate of any of the ureteral intestinal anastomotic techniques. Stricture formation is approximately 3%, deterioration of the upper tracts is about 4%, and leakage is about 2% (see Table 106–4). The Wallace technique is not recommended for patients who have extensive carcinoma in situ or who have a high likelihood of recurrent tumor in the ureter. A recurrence of tumor at the anastomotic line in one ureter would block both ureters, causing uremia from bilateral obstruction.

The two small bowel ureterointestinal anastomoses described previously are refluxing in type. The following techniques describe nonrefluxing anastomoses.

	Tunneled Small Bowel Anastomosis

	The tunneled small bowel anastomosis attempts to establish a nonrefluxing anastomosis by creating a submucosal tunnel (Fig. 106–22) (Starr et al, 1975). Two 0.5-cm incisions are made in the serosa on the antimesenteric border 2.5 cm apart at right angles to the long axis of the bowel.The seromuscular layer is then gently separated from the mucosa with a blunt hemostat. The ureter is pulled through one incision, a button of mucosa removed over the other incision, and the ureter spatulated and sutured to the mucosa with interrupted 5-0 PDS. The serosa is then closed with interrupted 4-0 silk suture, and the adventitia of the ureter is sutured at its entrance through the serosa of the bowel to the serosa. Good results have been reported, but this technique has not been widely used; therefore, long-term follow-up is not available.

	Split-Nipple Technique

	The split-nipple technique attempts to establish a nonrefluxing anastomosis by employing a nipple mechanism. It may be applied to either small or large bowel. This technique was described by Griffiths and involves forming a nipple in the ureter and implanting it into the small bowel (Fig. 106–23) (Turner-Warwick and Ashken, 1967). A 0.5-cm longitudinal incision in the ureter is made, and the ureteral wall is turned back on itself, creating a nipple at least twice as long as its width. The cuff is stabilized at the corners with sutures. A button of seromuscular and mucosal tissue is removed, and the ureter is then placed into the bowel such that it protrudes through the mucosa. The adventitia just proximal to the point where the ureter has been sewn to itself is sutured to the full thickness of the bowel wall with interrupted 5-0 PDS. The anastomosis is stented. In one series, this type of anastomosis prevented reflux in greater than 50% of the patients, and in other subsequent series, approximately 80% of patients had a nonrefluxing anastomosis with an acceptably low incidence of stenosis (see Table 106–4). There is about a 8% stricture rate (DeCarli et al, 1997).

	LeDuc Technique

	The LeDuc technique establishes a nonrefluxing anastomosis by laying the ureter onto the interior of the bowel wall—eventually resulting in a submucosal tunnel when it is re-epithelialized (Fig. 106–24) (LeDuc et al, 1987). This technique has been used to prevent reflux in the ureteral small intestinal anastomosis. Excellent exposure is required, and therefore the small bowel needs to be opened along its antimesenteric border for a length of approximately 5 cm. The mucosa is incised for a length of 3 cm beginning 2 cm proximal to the cut edge of the bowel. It is important to begin the mucosal tunnel away from the cut edge of the bowel to allow enough distal bowel for closure without jeopardizing the entrance point of the ureter. The ureter is then brought through the serosa at the most distal portion of the mucosal sulcus, laid in the trough, spatulated, sutured to the proximal end of the sulcus with interrupted 5-0 PDS using the full thickness of ureteral wall, and anchored to the muscularis and mucosal layers of the bowel. The mucosa of the sulcus of the bowel is then sutured to the adventitia of the ureter. The mucosa of the bowel should not be sutured over the ureter but rather to its lateral aspect. The idea is that the mucosa eventually grows over the top of the ureter. Where the ureter enters the small bowel, its adventitia is sutured to the bowel serosa with 4-0 silk sutures. Stents are placed in the ureter, and theirpassage must be unimpeded to ensure that there is no angulation. The bowel should be fixed to the body wall near the site of the ureteral implantation so that the ureters do not angulate. The complication rate for this technique is relatively low, although the follow-up is also relatively short. It carries with it an 87% incidence of maintaining an antireflux valve with a 5% incidence of stricture and a 2% incidence of leak (Schwaibold et al, 1998) (see Table 106–4).

There are several other types of ureteral small intestinal anastomoses mainly involving buried ureter in the small bowel serosa or dissection of mucosa in a funnel-type valve. None of these techniques over the long term has proved to be useful. A slight modification of these techniques, however, does show promise. Indeed, utilizing juxtaposed surfaces of two segments of small bowel with the ureter in between has been successfully employed, particularly in continent diversions using small bowel.

	Hammock Anastomosis

	The hammock anastomosis involves conjoining the ureters and implanting them into the small bowel in a nonrefluxing manner. The small bowel is closed at its proximal end, and three 10-cm longitudinal incisions separated by 1 to 2 mm are made through the seromuscular layer to the mucosa. These incisions are cross hatched by multiple incisions. This serves as a hammock. The ureters are conjoined as per the Wallace technique and sutured to the intestinal mucosa. The ureters are buried by closing the intestinal wall over the top of them with seromuscular sutures of 3-0 polyglycolic acid (Hirdes et al, 1988). With this technique, there is a 6% incidence of ureteroileal stenosis and approximately a 20% incidence of reflux. Follow-up, however, is relatively short.

	Intestinal Antireflux Valves

	Another technique of preventing reflux into the ureter involves the creation of an antireflux mechanism with bowel distal to the ureterointestinal anastomosis. The ureter is sutured by the technique of either Bricker or Wallace (as described earlier) to the end of the bowel, and the bowel is used to create a one-way valve. There are three basic types of antireflux mechanisms commonly employed using the bowel: (1) ileocecal intussusception, (2) ileoileal intussusception, and (3) ileal nipple valve placed into colon.

	Intussuscepted Ileocecal Valve

	The mesentery is cleaned from the ileum for a length of 8 cm beginning at the cecum and coursing proximal (Fig. 106–25). At least 5 cm of ileum proximal to the detached mesentery must be intact to ensure intestinal viability. Thus, the ileum should not be transected less than 13 cm from the ileocecal junction. A 22 Fr catheter is placed through the ileum into the cecum. The ileal serosa is scarified either by multiple cross incisions with a knife or with the electrocautery unit. The 8-cm segment is intussuscepted over the catheter into the cecum. The intussuscepted ileum is secured to the cecal wall with 3-0 silk sutures placed circumferentially 2 mm apart. The valve has a moderate tendency to fail, as the intussusception has a significant chance of reducing. In one series, the antireflux mechanism remained intact in 55% of the patients over the long term (Hensle and Burbige, 1985). The intussusception may be made more secure by employing a modification described by King (1987). The mesentery is cleaned as previously. The cecum is opened along a taenia and the ileum intussuscepted over the catheter under direct vision. Where the intussusception lies adjacent to the cecal wall, mucosa of the intussuscepted ileum and the cecal mucosa adjacent to it are incised down to muscle. The muscles are sewn to each other with interrupted 3-0 chromic suture. Long-term follow-up in eight patients reveals maintenance of the antireflux valve in seven using the modified technique (Friedman et al, 1992).

	Intussuscepted Ileal Valve

	The mesentery is cleaned from an 8-cm segment of ileal serosa (Fig. 106–26). There must be 5 cm of ileal mesentery proximal and distal to the cleared segment to ensure proper blood supply. The ureters are sewn to the proximal end of ileum. The distal end of ileum is opened along its antimesenteric border to within 2 to 3 cm of the cleared mesentery to provide adequate exposure and direct visualization of the intussuscepted segment. A Babcock clamp is placed into the lumen of the bowel, and a portion of bowel wall is grasped by invaginating it into the clamp with a finger. The ileal segment is intussuscepted by pulling on the Babcock clamp with gentle constant traction. If there is resistance, the mesentery is generally too bulky, and it must be defatted carefully before trying again to intussuscept the segment. A 5-cm intussuscepted segment should protrude. Using either the gastrointestinal stapler without the knife or the linear stapler, from both of which the distal five to eight staples have been removed, one places three rows with the former or four rows with the latter in quadrants to secure the intussusception in place. The staple size should be 4.8 mm. The proximal staples are important in securing the intussusception and preventing its reduction, whereas the distal staples are less effective and more prone to be exposed to urine and thus facilitate stone formation. It is for this reason that the distal staples are removed from the staple cartridge before it is placed in the stapler and before the intussusception is stapled. With the cautery unit, the mucosa of the intussusception is incised along its length. Adjacent to this incision, another is made in the mucosa of the ileum. The muscularis of both is exposed and sewn together with interrupted 3-0 chromic suture. The distal serosa is then sutured proximally to the serosa of the intussuscepted segment circumferentially with 3-0 nonreabsorbable sutures. This is meant to secure the intussusception and prevent its reduction with failure of the antireflux mechanism. The valve is successful in preventing reflux 90% of the time (Kock et al, 1982; Skinner et al, 1989).

	Nipple Valve

	The simplest intestinal antireflux valve to create is the nipple valve that uses ileum (Fig. 106–27) (Stone and MacDermott, 1989). The mesentery is cleared from the last 8 cm of the cut end of the ileum. The distal 6 cm of serosa is scarified by multiple cross striations and then turned back on itself to form a nipple. The nipple should be at least 4 to 4.5 cm in length. The end of the inverted ileum is then sutured to itself with interrupted 4-0 PDS. An incision on the taenia large enough to accommodate the segment is made. A 22 Fr catheter is placed through the segment, and its serosa is sutured to the colon serosa circumferentially with interrupted 3-0 silk sutures placed 2 mm apart. The long-term success rate for this type of valve is unknown but would appear to be less than with the two previously described methods of making intestinal antireflux valves.

	Complications of Ureterointestinal Anastomoses

	The complications that occur with ureterointestinal anastomoses include leakage, stricture, reflux in those anastomoses that were performed to prevent reflux, and pyelonephritis. When the various types of procedures are reviewed, it appears that of the colonic antirefluxing procedures, the Pagano technique offers the lowest incidence of stricture with an acceptable incidence of reflux. With respect to small bowel antireflux procedures, the LeDuc procedure and the ureteral intestinal serosal apposition procedure seem to offer the lowest incidence of stricture with the highest success rates in preventing reflux. With respect to stricture formation and leakage, it appears that the Wallace technique has the best results. In a comparison of the Bricker, the open technique, the Wallace, and the nipple valve, however, in one series there was no difference in complication rates among any of the procedures. All had an approximately 29% incidence of some form of obstruction over the long term (Mansson et al, 1979). In a more recent study, there appeared to be no difference between the rates of reflux and stricture when a Bricker anastomosis was compared with a split cuff nipple (DeCarli et al, 1997). The incidence of stricture was 7% for both types.

	Urinary Fistula

	Urinary fistulas invariably occur within the first 7 to 10 days postoperatively with an incidence of 3% to 9% (see Table 106–4) (Beckley et al, 1982; Loening et al, 1982). The incidence of urinary intestinal leak is markedly reduced by the use of soft Silastic stents (see earlier). A urinary intestinal leak may cause periureteral fibrosis and scarring with subsequent stricture formation.

	Stricture

	In general, the antirefluxing techniques have a slightly higher incidence of stricture. Patients are at risk for ureterointestinal strictures for the life of the anastomosis and must be followed on a scheduled periodic basis. A stricture has been reported to develop 13 years after the procedure (Shapiro et al, 1975). It is important to note that ureteral strictures also occur away from the ureterointestinal anastomosis. This stricture is most common in the left ureter and is usually found as the ureter crosses over the aorta beneath the inferior mesenteric artery. It has been suggested that this is due to too-aggressive stripping of adventitia and angulation of the ureter at the inferior mesenteric artery.

Once a stricture has developed, various techniques may be used to rectify the situation. The most successful is re-exploration, removing the stenotic segment, and reanastomosing the ureter to the bowel by one of the aforementioned techniques. In a study that compared open surgical correction of ureterointestinal anastomotic strictures with endourologic methods, it was found that the open procedure resulted in an approximately 90% success rate, whereas endourologic methods resulted in a 70% early success rate. As follow-up increased, a significant number of strictures treated endourologically failed. Of course, the morbidity with the endourologic procedures was less (Kramolowsky et al, 1988). Open surgical methods may be morbid and difficult procedures. Endourologic procedures employing balloon dilatations or incision of the stricture have a lesser morbidity. When several series employing endourologic methods are combined, there is a 50% success rate over the short term (Kramolowsky et al, 1987). Several series have noted that percutaneous electroincision of ureteral intestinal strictures gives a patency rate of approximately 71% at 1 year (Cornud et al, 1996). These data must be viewed with caution because longer-term follow-up generally results in additional recurrences. In selected cases, metallic stents have been employed, which might be a reasonable approach in somebody with a limited life expectancy, thus avoiding a major open operation (Barbalias et al, 1998).

	Pyelonephritis

	Acute pyelonephritis occurs both in the early postoperative period and over the long term. Its incidence is approximately 12% in patients diverted with ileal conduits and 13% in those diverted with antirefluxing colon conduits (see Table 106–3). These complications cause considerable morbidity and, in fact, are associated with significant mortality. In one series of intestinal segments in the urinary tract, 8 of 178 patients died of sepsis (Schmidt et al, 1973). That these complications may result in delayed mortality is indicated by the fact that 2 of 115 children and 3 of 127 adults died of septic complications 5 to 14 years after intestinal diversion (Pitts and Muecke, 1979). When sepsis is associated with decreasing renal function and uremia, the morbidity and mortality are markedly increased.
Table 106–4 summarizes the complications and success rates for the various types of anastomoses. The table is derived from composite reports in the literature in which specific anastomoses were reported and from which the data could be accurately analyzed. Because of these two requirements, it is not possible to comment, for example, on the incidences of reflux or leakage among various anastomotic types inclusively. These complications can be minimized by adhering to the principles of ureterointestinal surgery discussed earlier.

	Renal Deterioration

	The incidence of renal deterioration after conduit urinary intestinal diversion has varied from 10% to 60%. This variance is perhaps because many reports include both renal units that were abnormal and those that were normal before diversion. When abnormal renal units are analyzed before diversion to document progressive disease, it is difficult to be sure whether the urinary diversion caused the progression or whether progression is due to the intrinsic abnormality for which the diversion was created. When the incidence of renal deterioration is determined by comparing renal units that were normal before diversion and then deteriorated postoperatively, 18% of patients who have ileal conduits show progressive deterioration versus 15% who have nonrefluxing colon conduits (see Table 106–3). Twenty percent of patients with nonrefluxing continent ileocecal bladders show some evidence of deterioration of the upper tracts when followed over the long term (Benchekroun, 1987). This deterioration leads to a 10% incidence of azotemia in children with ileal conduits (Schwarz and Jeffs, 1975) and a 12% (5 of 41 patients) incidence of renal failure in patients with colon conduits constructed for benign disease (Elder et al, 1979). The incidence of both sepsis and renal failure is greater in patients with ureterosigmoidostomy than in those with conduits. Sepsis and renal failure may occur either in the immediate postoperative period or many years later. The most common cause of death in patients who have had a ureterosigmoidostomy for more than 15 years is acquired renal disease (i.e., sepsis or renal failure). In this group of patients, approximately 10% to 22% die from these disorders (Zabbo and Kay, 1986), some as late as 4 to 27 years after diversion (Mesrobian et al, 1988). In patients with ileal conduits, about 6% ultimately die of renal failure (Richie, 1974).

	Renal Function Necessary for Urinary Intestinal Diversion

	The amount of renal function required to blunt effectively the reabsorption of urinary solutes by the intestinal segment and prevent serious metabolic side effects depends on the type of urinary intestinal diversion created (i.e., the amount of bowel to be used and the length of time the urine is exposed to the intestinal mucosa). Thus, a greater degree of renal function is necessary for retentive (continent) diversions than for short conduit diversions. Paftients who have an average glomerular filtration rate (GFR) above 40 ml/min generally tolerate a continent diversion reasonably well. Indeed, in one study two groups of patients were analyzed: those with GFRs around 100 ml/min (range 91 to 112) and those with GFRs around 55 ml/min (range 36 to 69). Both seemed to tolerate the metabolic load quite well with a minimal development of metabolic acidosis. There was a slightly increased incidence of metabolic acidosis in the low-GFR group as would be expected; however, in this group, distal tubule function was excellently maintained, as demonstrated by ammonium chloride loading. This observation points out that the GFR is not the sole determining factor that allows the body to manage intestinal diversion. Indeed, the GFR is but one factor. Just as important is distal tubule function. This article confirms that when distal tubule function is normal and the GFR is above 40 ml/min, patients do extremely well (Kristjansson et al, 1997).

There are five components of renal function: renal blood flow, glomerular filtration, tubule transport, concentration and dilution, and glomerular permeability. Aspects of renal function that must be specifically addressed are the GFR, best measured by an inulin clearance test; the ability of the tubule to acidify, as determined by ammonium chloride loading; concentrating ability, as determined by water deprivation; and glomerular permeability, as reflected by urinary protein concentrations. In general, patients with normal urinary protein content who have a serum creatinine level below 2 mg/dl do well with intestine interposed in the urinary tract. At a serum creatinine level below 2 mg/dl, renal blood flow, the GFR, tubule transport, and concentrating and diluting ability are relatively well preserved. In patients whose serum creatinine level exceeds 2 mg/dl and who are being considered for retentive diversion or in whom long segments of intestine will be used, a more detailed analysis of renal function is necessary. If the patient is able to achieve a urine pH of 5.8 or less after an ammonium chloride load, has a urine osmolality of 600 mOsm/kg or greater in response to water deprivation, has a glomerular filtration rate that exceeds 35 ml/min, and has minimal protein in the urine, the patient may be considered for a retentive diversion.

	Urinary Diversion

	This section deals with specific types of conduit urinary diversion. Fundamentally, there are two types of conduits, those using the small bowel, which includes the jejunum or ileum, and those in which a portion of large bowel is used. Conduits made of stomach have been described but are rarely indicated and may carry with them difficult problems of stomal maintenance. Their construction is not discussed here. Each type of conduit has specific indications and advantages, and for each there are specific complications. Some complications, however, are similar among all types. The indications for a conduit are the need for urinary diversion (1) after a cystectomy, (2) because of a diseased bladder, (3) before transplantation in a patient who has a bladder that cannot adequately receive the transplanted ureter, and (4) for dysfunctional bladders that result in persistent bleeding, obstructed ureters, poor compliance with upper tract deterioration, and inadequate storage with total urinary incontinence.

	Preparation

	Regardless of whether small or large bowel is used for the conduit, all patients require a bowel preparation as outlined earlier. The specific types of ureteral intestinal anastomosis and stomal construction are also described in previous sections. The complications for the specific types of stoma construction and ureteral intestinal anastomosis are described in previous sections. This section describes features that are unique to the construction of the conduit exclusive of those mentioned earlier. The complications cited for each conduit also depend on the length of follow-up and the concomitant procedure performed.

	Ileal Conduit

	In the ileal conduit procedure, a portion of distal ileum is chosen. It is the simplest type of conduit diversion to perform and is associated with the fewest number of intraoperative and immediate postoperative complications. It is not advisable to use ileum for a conduit in patients with a short bowel syndrome, those with inflammatory small bowel disease, and those whose ileum has received extensive radiation, often as a consequence of prior radiation to a pelvic malignancy.

	Procedure

	A segment 10 to 15 cm in length is selected 10 to 15 cm from the ileocecal valve. The cecum and ileal appendage (i.e., that portion of the distal ileum fixed to the retroperitoneum) are mobilized. The ileal mesentery is transilluminated and a major arcade identified to the segment selected. With a mosquito clamp, the mesentery immediately beneath the bowel is penetrated, and the bowel is encircled with a vessel loop. An area at the base of the mesentery is selected that is to one side of the feeding vessel, and a second vessel loop is placed through the mesentery. At this juncture, the peritoneum overlying both sides of the mesentery is incised from bowel vessel loop to the base of the mesentery vessel loop. With mosquito clamps, the tissue is clamped, severed, and tied with 4-0 silk suture. A portion of mesentery 2 cm in length is cleaned away from the bowel beneath the mesenteric incision. This procedure is repeated at the other end of the selected segment. The base of the mesentery should be as wide as possible and the mesenteric windows not excessive (generally about 5 cm in length) to prevent ischemia of the segment. Allen clamps are placed across the bowel in an angled fashion such that the antimesenteric portion is shorter than the mesenteric portion. (Some prefer to transect the bowel with staples [i.e., anastomotic stapler]). Thus, a triangular piece of bowel is removed and discarded.

The isolated ileal segment is placed caudad and an ileoileostomy is performed as described earlier (Fig. 106–28). The mesenteric window of the ileoileostomy is closed with interrupted 3-0 silk sutures. The isolated segment is then flushed with copious amounts of saline until the irrigant is clear, at which point the ureters are brought out the retroperitoneum in the right lower quadrant. To accomplish this, one must bring the left ureter over the great vessels and beneath the sigmoid vessels to the rent in the posterior peritoneum. This may be accomplished by mobilizing the cecum cephalad to identify the right ureter. The left ureter may be identified by incising the line of Toldt of the left descending colon (Fig. 106–29). This dissection allows anastomosis of the ileal segment as proximal as is necessary to the ureter. Indeed, the ileum may be anastomosed directly to the renal pelvis on both sides if need be (see Fig. 106–29C). After a cystectomy, the ureters are identified caudad to the iliac vessels and may be conveniently traced cephalad in a manner similar to that of the previous description. The ureteral ileal anastomoses are performed as described previously. These anastomoses are stented.

A convenient method of introducing the stent through the loop to the opening in the bowel is illustrated in Figure 106–30. The base of the conduit is fixed to the retroperitoneum in the right lower quadrant by suturing the posterior peritoneum to the conduit, thus effectively retroperitonealizing the ureteral intestinal anastomosis. The stoma is created as described previously. I prefer to suture the loop segment to the lateral peritoneal wall, thus obviating any chance of herniating small bowel lateral to the conduit. Many, however, prefer to bring the segment directly to the anterior abdominal wall, thus allowing bowel to descend caudad on either side of the loop.

	Complications

	Early and late postoperative complications are listed in Table 106–5 (Stewart et al, 1979). It is difficult to clearly ascribe these complications solely to the creation of the conduit because many are reported in patients undergoing a cystectomy as well. These incidences in Table 106–5 are therefore expected to reflect the high end of the spectrum. Bleeding may occur from either the stoma or the conduit itself. Approximately 10% of patients have stomal bleeding. In 4%, it originates from the loop beneath the fascia (Delgado and Muecke, 1973). Bleeding that is extremely difficult to manage is due to cirrhosis and varices. In this situation, life-threatening bleeding from the conduit may occur. To stop the bleeding, portal decompression may be required (Chavez et al, 1994). A less morbid method involves a percutaneous transhepatic portal shunt or transhepatic angiography with embolization (Medina et al, 1998Lashley et al, 1997;). Indeed, this has been successful in several reported cases. Complications not listed include hypertension, renal failure, decreased renal function, and death. These complications in large part depend on the concomitant procedure performed, the length of follow-up, and the status of the kidneys before diversion. Over the long term (20 years), 7% of patients have renal failure requiring dialysis, and 60% show deterioration of the upper tracts. After salvage cystectomy, complications are increased so that approximately one third of patients have one of the early complications (Abratt et al, 1993). Also, the complication rate is increased in patients in whom an intestinal segment is used in those requiring renal transplantation (Nguyen et al, 1990).

One should be cautious in identifying duplex ureters. A failure to identify a second ureter on one side results in intraperitoneal urine leak and can cause excessive morbidity (Evans et al, 1994). The duplex ureters may be dealt with by implanting them separately if they are of sufficient caliber, or they may be spatulated, sewn together, and then implanted into the ileal conduit as a single unit (Fig. 106–31).

	Jejunal Conduit

	The jejunum has the largest diameter of the small bowel and the longest mesentery. Generally, jejunal conduits have not had a high rate of acceptance because of perceived electrolyte abnormalities. A more recent report of patients, most of whom have been followed for more than 5 years, has shown that the bulk of electrolyte problems are minor—only about 4% in this series had severe hyponatremic metabolic acidosis. The advantage of using the jejunum is that it avoids radiated bowel and ureter. In my opinion, it is hard to make a case for the jejunal conduit except in circumstances in which it is inadvisable to use either colon or ileum. However, this series does point out that when necessary, one can successfully use jejunum as a conduit. This might occur in patients who have extensive irradiation that involves the ileum, those with severe adhesions of the ileum and absence of the large bowel, and those who have an absent colon with inflammatory disease of the distal small bowel. The contraindications to its use are severe bowel nutritional disorders and the presence of another acceptable segment.

	Procedure

	The procedure is similar to that for an ileal conduit. A 10- to 15-cm segment of jejunum is isolated 15 to 25 cm from the ligament of Treitz 2 as described for the ileal conduit. One should plan for the stoma to be in the upper quadrant, generally the left upper quadrant. The remainder of the technique is as described for the ileal conduit.

	Complications

	The early and long-term complications are similar to those listed for ileal conduit except that the electrolyte abnormalities that occur are hyperkalemic, hyponatremic metabolic acidosis instead of the hyperchloremic metabolic acidosis of ileal diversion (Table 106–6). The treatment of the jejunal syndrome consists of administering sodium chloride. Thiazides may also be used and are helpful in allaying the hyperkalemia (Hasan et al, 1994).

	Colon Conduit

	Three types of colon conduits are commonly used: transverse, sigmoid, and ileocecal. Each has specific indications with advantages and disadvantages. The transverse colon is used when one wants to be sure that the segment of conduit employed has not been irradiated in individuals who have received extensive pelvic irradiation. It is also an excellent segment when an intestinal pyelostomy needs to be performed. The sigmoid conduit is a good choice in patients undergoing a pelvic exenteration who will have a colostomy. Thus, no bowel anastomosis needs to be made. It also allows nonrefluxing submucosal reimplantation and provides for an easily placed left-sided stoma when that is desirable. Contraindications to the use of sigmoid colon include disease of this segment or when the hypogastric arteries have been ligated and the rectum has been left in situ. The latter circumstance may result in sloughing of the rectum or its mucosa because its blood supply of necessity is interrupted. It is also unwise to use this segment in individuals with extensive pelvic irradiation because it likely has been included in the radiation fields.

An ileocecal conduit has the advantage of providing a long segment of ileum when long segments of ureter need replacement as well as the advantage of providing colon for the stoma. It is also used in situations in which free reflux of urine from the conduit to the upper tracts is thought to be undesirable. Contraindications to the use of transverse, sigmoid, and ileocecal conduits include the presence of inflammatory large bowel disease and severe chronic diarrhea.

	Procedure

	

	Transverse Colon

	The segment may be isolated on the right or middle colic arteries—most commonly the latter (Fig. 106–32). The gastrocolic ligament is taken down and the omentum dissected from the portion of colon that is to be isolated. The splenic and hepatic flexures should be mobilized next. The proper length of segment is determined by taking into consideration the desired location of the stoma and the length of available ureters. Generally, a length of 15 cm is sufficient. It is important not to isolate a segment that is too short and therefore incapable of reaching the retroperitoneum in such a position that a tension-free ureterocolonic anastomosis may be performed and retroperitonealized. The segment is isolated between bowel clamps, and a two-layer colocolostomy is performed as outlined earlier. The segment is placed caudad to the anastomosis. If a colopyelostomy is to be performed, the segment should be placed cephalad to the bowel anastomosis. The isolated segment is irrigated with copious amounts of saline until the effluent is clear. The proximal end is closed with a running Connell 3-0 chromic suture and a second layer of Lembert 3-0 silk sutures. The ureterocolic anastomoses are then performed (see earlier), and the end is anchored to the retroperitoneum close to the midline. The stoma is usually placed in the right upper quadrant but may be placed anywhere in the abdomen if indicated.

	Sigmoid Colon

	The sigmoid colon is mobilized by incising its peritoneal attachments and the line of Toldt along the descending colon. The segment is isolated on the sigmoid vessels and placed lateral to the sigmoid colon (Fig. 106–33). The anastomosis of the sigmoid colon and ureterocolic anastomosis are as described for the transverse colon.

	Ileocecal Conduit

	The ileocecal conduit is based on the terminal branches of the superior mesenteric artery (i.e., ileocecal artery). The segment is placed caudad, and an ileal ascending colon anastomosis is performed as described previously. The stoma is placed in the right lower quadrant. The ileocecal valve may be reinforced to ensure prevention of reflux. This is described earlier (see Fig. 106–25). The ureteral intestinal anastomoses are also described earlier.

	Complications

	Early and late complications after a transverse colon (Beckley et al, 1982; Schmidt et al, 1985; Ravi et al, 1994), sigmoid, or ileocecal conduit are listed in Tables 106–7 106–9to . As is true for the small bowel, complications not listed, including death, renal failure, and renal deterioration, depend on the concomitant procedure performed and the length of follow-up. Interestingly, early reports suggested a lower incidence of renal deterioration with colon conduits; however, some more recent series suggest that the incidence of these complications is about the same. However, there continue to be proponents of the colon conduit in that there appears to be a 7.6% incidence of pyelonephritis and a 78% incidence of preservation of the upper tracts over the long-term (Stein et al, 1996).

Complications of the ileocecal conduit in one reported series occurred in 21% of patients (Matsuura et al, 1991). In this series, complications of the ileal conduit were compared with those of the ileocecal conduit, and there appeared to be no difference in the frequency of early and late postoperative complications. Early complications included urinary leakage; bowel obstruction; fecal leakage; acute renal failure; fulminant hepatitis; pneumonia; gastrointestinal bleeding; hemorrhage; perforation of ileum; heart failure; and wound dehiscence. Late complications included stomal prolapse; acute pyelonephritis; bowel obstruction; urinary stones; parastomal hernia; incisional hernia; stomal stenosis; and fecal leakage. There was no difference in the incidence of deterioration of the upper tracts with either form of diversion. Of some note is the fact that at high pressures a large portion of the ileocecal conduits experienced reflux. At low pressures, however, there was minimal to no reflux. Whenever a portion of colon is used for a conduit, chronic diarrhea may be a consequence.

	Ileal Vesicostomy

	An ileal vesicostomy uses spatulated ileum and a generous transverse cystotomy to decompress the bladder and to allow an appliance to be used on the abdomen. This procedure is particularly well suited to spinal cord injury patients or those with significant neurologic disease. The concept is that patients with a neurogenic bladder have an easier job of caring for themselves with an abdominal stoma. Patients who are particularly good candidates are those with significant detrusor external sphincter dyssynergia. Those who have detrusor hyperreflexia, particularly women, may have an increased incidence of incontinence. The complications of the procedure include urethral incontinence requiring closure of the urethra in 20% of patients, stomal stenosis, and bladder and renal calculi. The procedure is performed by spatulating an ileal segment and performing a generous transverse cystotomy. The spatulated ileum is sutured to the bladder with absorbable suture, and the distal segment is brought to the abdominal wall by fashioning a rosebud stoma. Theoretically, this results in a low-pressure reservoir that if indicated at a later date can be converted back to normal anatomy (Mutchnik et al, 1997; Atan et al, 1999).

	Management Common to All Conduits

	All anastomoses are stented with Silastic disposable stents. A convenient method for introducing the stents through the conduit and into the ureter is illustrated in Figure 106–30. They are removed individually on the fifth and sixth postoperative days; I routinely obtain an IV urogram after their removal. If there is no extravasation, the Jackson-Pratt closed-suction drain is removed. All conduits are retroperitonealized with the ureteral intestinal anastomosis placed in the retroperitoneum. This may be accomplished by suturing the posterior peritoneum to the serosa of the conduit above the ureteral intestinal anastomosis. A drain may then be laid into the retroperitoneum. I prefer to drain the ureteral intestinal anastomosis with a Jackson-Pratt closed-suction drain laid in the retroperitoneum 3 to 4 cm away from the anastomosis. The peritoneal cavity should not be drained.

All patients are given nothing by mouth until bowel function returns. A progressive diet is instituted after confirmation of bowel activity. It has been my practice to use nasogastric tube decompression in all patients having a bowel anastomosis. In reported surgical series, it is clear that there are advantages and disadvantages of nasogastric tube decompression after intestinal surgery. Without its use, vomiting is more common. With its use, pulmonary complications are more problematic. For those individuals with severe respiratory disease, consideration should be given to a gastrostomy. All patients have compression boots applied as prophylaxis for pulmonary embolus. I have not employed heparin or warfarin (Coumadin) prophylaxis in this group of patients.

	Metabolic and Neuromechanical Problems of Urinary Intestinal Diversion

	Problems that occur as a result of interposing intestine in the urinary tract may be conveniently divided into three areas for the purposes of discussion: (1) metabolic, (2) neuromechanical, and (3) technical-surgical. Metabolic complications are the result of the intestine's altered solute reabsorption of the urine it contains. Neuromechanical aspects involve the configuration of the gut, which affects the storage volume and contraction of the intestine, which may lead to difficulties in storage. Finally, technical-surgical complications involve aspects of the procedure that result in surgical morbidity. The technical-surgical complications are discussed after each section on the technical aspects of urinary intestinal diversion. The following sections are discussions of metabolic and neuromechanical problems.

	Metabolic Complications

	Metabolic complications include (1) electrolyte abnormalities, (2) altered sensorium, (3) abnormal drug metabolism, (4) osteomalacia, (5) growth retardation, (6) persistent and recurrent infections, (7) formation of renal and reservoir calculi, (8) problems ensuing from removal of portions of the gut from the intestinal tract, and (9) development of urothelial/intestinal cancer. Many of these complications are a consequence of altered solute absorption across the intestinal segment. The factors that influence the amount of solute and type of absorption are the segment of bowel used, the surface area of the bowel, the amount of time the urine is exposed to the bowel, the concentration of solutes in the urine, the renal function, and the pH of the fluid.

	Electrolyte Abnormalities

	Serum electrolyte complications and the type of electrolyte abnormalities that occur are different depending on the segment of bowel used. If stomach is employed, a hypochloremic metabolic alkalosis may occur. If jejunum is the segment used, hyponatremia, hyperkalemia, and metabolic acidosis occur. If the ileum or colon is used, a hyperchloremic metabolic acidosis ensues. Other electrolyte abnormalities that have been described include hypokalemia, hypomagnesemia, hypocalcemia, hyperammonemia, and elevated blood urea nitrogen and creatinine levels. Specific abnormalities for each segment of intestine are detailed.

When stomach is used, a hypochloremic, hypokalemic metabolic alkalosis may ensue. This is generally not a significant problem unless the patient has concomitant renal failure, in which case there is a significant impairment of bicarbonate excretion. Under these circumstances, the electrolyte disorder may be difficult to treat. Proton pump blockers (omeprazole) and acidification of the serum may be tried, but often when this occurs, the segment must be taken down and replaced with ileum or colon (Gosalbez et al, 1993).

Electrolyte disorders that occur when jejunum is used for urinary intestinal diversion, particularly when proximal jejunum is used, include hyponatremia, hypochloremia, hyperkalemia, azotemia, and acidosis. These disorders result from an increased secretion of sodium and chloride with an increased reabsorption of potassium and hydrogen ions. This excessive loss of sodium chloride carries with it water, and thus the patient becomes dehydrated. The dehydration results in hypovolemia, which increases renin secretion and thereby aldosterone production (Golimbu and Morales, 1975). Aldosterone production may also be stimulated by hyperkalemia. The high levels of renin aldosterone facilitate sodium reabsorption by the kidney and potassium loss, which produces a urine low in sodium content and high in potassium. This, when presented to the jejunum, results in a favorable concentration gradient for loss of sodium by the jejunum and increased reabsorption of potassium, thus perpetuating the abnormalities.

These electrolyte abnormalities result in lethargy, nausea, vomiting, dehydration, muscular weakness, and an elevated temperature. If the abnormalities are allowed to persist, the patient may become moribund and finally die. This syndrome may be exacerbated by administering hyperalimentation solutions. The mechanism by which hyperalimentation solutions exacerbate this syndrome in patients with jejunal intestine interposed in the urinary tract is unclear (Bonnheim et al, 1984). The severity of the syndrome depends on the location of the segment of jejunum that is used. The more proximal the segment, the more likely the syndrome is to develop. Its incidence varies from a low of 25% (Klein et al, 1986) to a high of 75% of patients demonstrating significant abnormalities. Severe abnormalities may occur in as few as 4% when short segments are employed (Fontaine et al, 1997). Treatment for the disorder is rehydration with sodium chloride and correction of the acidosis with sodium bicarbonate. Provided that renal function is normal, the hyperkalemia is corrected by renal secretion. On occasion, a diuretic may be helpful to correct the hyperkalemia. After restoration of normal electrolyte balance, long-term therapy involves oral supplements with sodium chloride. A thiazide diuretic has also been useful in selected cases to control hyperkalemia over the long term (Hasan et al, 1994).

The electrolyte abnormality that occurs with the ileum and colon is hyperchloremic metabolic acidosis. This acidosis occurs to some degree in most patients who have ileum or colon interposed in the urinary tract but is generally of a minor degree. Its clinical significance when it is of a minor degree is unknown at this time. Hyperchloremic acidosis has been reported with a frequency of 68% (19 of 28 patients—10 of the 19 cases were severe enough to require treatment) in patients with ileal conduits (Castro and Ram, 1970). In another study, 70% of patients with ileal conduits followed for 4 years or more had a decreased serum bicarbonate level (Malek et al, 1971). Severe electrolyte disturbances occur to a much lesser degree. It has been reported to be a major problem in 18% (8 of 45) of patients with intestinal cystoplasties (Whitmore and Gittes, 1983), in 10% (17 of 178) of patients with ileal conduits (Schmidt et al, 1973), and in 80% (112 of 141) of patients with ureterosigmoidostomies (Ferris and Odel, 1950). In continent diversions involving either ileum and cecum or cecum alone, the majority of patients have an elevated serum chloride level and depressed serum bicarbonate level (Ashken, 1987; McDougal, 1992). Sixty-five percent of patients with MAINZ (mixed augmentation with ileum 'n zecum) pouches require alkali therapy to maintain a normal acid-base balance (Thuroff et al, 1987). Early reports of patients with continent diversions made of ileum have a much lower incidence of electrolyte problems, in the range of 8% (see Table 106–3) (Allen et al, 1985; Boyd et al, 1989). Symptoms in those in whom the syndrome is severe include easy fatigability, anorexia, weight loss, polydipsia, and lethargy. Those with ureterosigmoidostomies also have an exacerbation of diarrhea.

These electrolyte abnormalities, if significant and allowed to persist, result in major metabolic abnormalities, which are discussed subsequently. In and of themselves, however, they may be lethal to the patient, as severe electrolyte abnormalities have contributed to the death of patients (Heidler et al, 1979).

The mechanism of hyperchloremic metabolic acidosis is the ionized transport of ammonium. Ammonium substitutes for sodium in the Na+ -H+  antiport. The exchange of the weak acid NH4+  for a proton is coupled with the exchange of bicarbonate for chloride. Thus, ammonium chloride is absorbed across the lumen into the blood in exchange for carbonic acid (i.e., CO2 and water). Ammonium may also gain entry to the blood from bowel lumen through potassium channels (Koch and McDougal, 1985d; McDougal et al, 1995).

The treatment of hyperchloremic metabolic acidosis involves administering alkalizing agents or blockers of chloride transport. Alkalinization with oral sodium bicarbonate is effective in restoring normal acid-base balance. Oral administration of bicarbonate, however, may not be tolerated particularly well because it can produce considerable intestinal gas. Sodium citrate and citric acid solution (Bicitra or Shohl's solution) used together is an effective alternative; however, many patients do not care for the taste. Potassium citrate, sodium citrate, and citric acid solution (Polycitra) may be used instead if excessive sodium administration is a problem because of cardiac or renal disease and if potassium supplementation is desirable or at least not harmful. In those patients in whom persistent hyperchloremic metabolic acidosis occurs and in whom excessive sodium loads are undesirable, chlorpromazine or nicotinic acid may be used to limit the degree of the acidosis. These agents used alone do not correct the acidosis in humans, but they limit its development and thus reduce the need for alkalinizing agents. Chlorpromazine and nicotinic acid inhibit cAMP and thereby impede chloride transport. Chlorpromazine may be given in a dose of 25 mg three times a day. Occasionally, as much as 50 mg three times a day may be necessary, but at such doses, side effects are not uncommon. Chlorpromazine should be used with care in adults because there are many untoward side effects, including tardive dyskinesia. Nicotinic acid may be given in a dose of 400 mg three to four times a day (Koch and McDougal, 1985c). The drug should not be used in patients with peptic ulcer disease or significant hepatic insufficiency. Side effects that may be observed include exacerbation of liver dysfunction, exacerbation of peptic ulcer disease, headaches, and double vision. Flushing and dermatitis are not uncommon and generally disappear as the patient becomes adapted to the drug.

Hypokalemia and total body depletion of potassium may occur in patients with urinary intestinal diversion. This is more common in patients with ureterosigmoidostomies than it is with patients who have other types of urinary intestinal diversion (Geist and Ansell, 1961). In one study, patients with ureterocolonic diversions had a 30% reduction in total body potassium, whereas those with ileal conduits had, as a group, no significant alteration in total body potassium; individually, however, some had as much as a 14% reduction in total body potassium (Williams et al, 1967). The potassium depletion is probably due to renal potassium wasting as a consequence of renal damage, osmotic diuresis, and loss through intestinal secretion. The intestinal secretion (probably quantitatively) plays a relatively minor role. Indeed, it has been shown that when exposed to high concentrations of potassium in the urine, ileal segments reabsorb some of the potassium, whereas colon is less likely to do so (Koch et al, 1990). Thus, diversions with ileum interposed in the urinary tract likely blunt the potassium loss by the kidney, whereas those with colon do not, thus explaining why patients with ureterosigmoidostomies and ureterocolonic diversions are more likely to have total body potassium depletion. When the depletion is severe, the patient may develop a flaccid paralysis. In treating these patients, one must remember that if the hypokalemia is associated with severe hyperchloremic metabolic acidosis, treatment must involve both replacement of potassium and correction of the acidosis with bicarbonate. If the acidosis is corrected without attention to potassium replacement, severe hypokalemia may occur, marked flaccid paralysis may develop, and significant morbidity may ensue (Koff, 1975).

Because the bowel transports solutes and because its membrane is not particularly watertight, osmolality generally re-equilibrates across the bowel wall. Thus, attempts to deprive a patient of water and determine osmolality as a reflection of renal function are inappropriate because the bowel alters the osmotic content. The bowel also makes the contents more alkaline, and therefore it is impossible to determine the ability of the kidney to acidify simply by measuring urinary pH in patients with urinary intestinal diversion. Finally, because urea and creatinine are reabsorbed by both the ileum and the colon, serum concentrations of urea and creatinine do not necessarily accurately reflect renal function (Koch and McDougal, 1985b; McDougal and Koch, 1986).

Histologic alterations of the intestine may occur over time when the mucosa is chronically exposed to urine. Villous atrophy and the formation of pseudocrypts may occur, particularly in ileum. These changes are patchy because there is normal ileal mucosa interspersed between these abnormalities. Submucosal inflammatory infiltrates may also be observed. There appear to be fewer changes in the colonic mucosa over the long term. In the colon, a decrease in the size of goblet cells has been described. Over time, some transport processes may be altered, with some solutes less actively transported, whereas other processes of solute transport remain active (Philipson et al, 1983). The ability to establish a hyperchloremic metabolic acidosis, however, appears to be retained by most segments of ileum and colon over time. In an experimental study, chronic exposure of intestine to urine resulted in a decreased number of transporters, but those that remained were perfectly functional (Grocela and McDougal, 1999).

	Altered Sensorium

	Alteration of the sensorium may occur as a consequence of magnesium deficiency, drug intoxication, or abnormalities in ammonia metabolism. Patients who develop magnesium deficiency do so either from nutritional depletion or related to magnesium wasting by the kidney in much the same way that calcium wasting occurs (see later). Alterations in the sensorium have also occurred because of diabetic hyperglycemia; however, this is not a consequence of the intestinal diversion. In such patients, reabsorption of urinary glucose can result in hyperglycemia without demonstrable glucosuria (Onwubalili, 1982). Perhaps the more common cause of an altered sensorium is a consequence of altered ammonia metabolism. Ammoniagenic coma in patients with urinary intestinal diversion has been reported in those with cirrhosis (Silberman, 1958), altered liver function without underlying chronic liver disease (McDermott, 1957), and normal hepatic function as determined by serum enzymes (Mounger and Branson, 1972; Kaufman, 1984). However, the syndrome is most commonly associated with decreased liver function, and even when normal liver function has been reported, the crude methods by which it was assessed in these reports have been unable to confirm the absence of subtle alterations in liver function. The syndrome is most commonly found in patients with ureterosigmoidostomies but has been reported for those with ileal conduits as well (McDermott, 1957).

The treatment of ammoniagenic coma involves draining the urinary intestinal diversion, either with a rectal tube in the case of ureterosigmoidostomy or with a Foley catheter in those with a continent diversion, so that the urine does not remain exposed to the intestine for extended periods of time. Neomycin is administered orally to reduce the ammonia load from the enteric tract, and protein consumption is curtailed, thus limiting the nitrogen load to the patient until serum ammonium levels return to normal. In severe circumstances, arginine glutamate, 50 g in 1000 ml of 5% dextrose in water, may be given intravenously. This complexes the ammonia by providing substrate for the formation of glutamine (Silberman, 1958). Lactulose may be given orally or by rectum (Edwards, 1984); it complexes the ammonia in the gut and prevents its absorption.

	Abnormal Drug Absorption

	Drug intoxication has been reported in patients with urinary intestinal diversion. Drugs more likely to be a problem are those that are absorbed by the gastrointestinal tract and excreted unchanged by the kidney. Thus, the excreted drug is re-exposed to the intestinal segment, which then reabsorbs it, and toxic serum levels develop. This has been reported for phenytoin (Dilantin) (Savarirayan and Dixey, 1969) and has been seen for certain antibiotics that are excreted unchanged. Although chemotherapy is generally well tolerated by patients with conduits, methotrexate toxicity has been documented in a patient with an ileal conduit (Bowyer and Davies, 1986). A more recent study suggests that in patients with normal renal function, those both with and without continent diversions tolerate chemotherapy quite well. The authors studied 23 patients with continent diversions and 19 with ileal conduits who received cisplatin, methotrexate, and vinblastine. The authors concluded that there was no difference in toxicity in patients without diversions, those with ileal conduits, and those with continent diversions. Indeed, the patients with continent diversions did not have a Foley catheter placed during the chemotherapy infusion. However, if one looks carefully at the data, it is clear that there is in fact an increased toxicity in the continent diversion group, although this does not have statistical significance (Srinivas et al, 1998). In those patients receiving antimetabolites, it is prudent to carefully monitor the patient for toxic products that are excreted in the urine and capable of intestinal absorption lest lethal toxic serum levels develop. Moreover, in patients with continent diversions who are receiving chemotherapy, consideration should be given to draining the pouch during the period of time the toxic drugs are being administered.

	Osteomalacia

	Osteomalacia or renal rickets occurs when mineralized bone is reduced and the osteoid component becomes excessive. Osteomalacia has been reported in patients with colocystoplasty (Hassain, 1970), ileal ureters (Salahudeen et al, 1984), colon and ileal conduits, and, most commonly, ureterosigmoidostomies (Harrison, 1958; Specht, 1967). The cause of osteomalacia may be multifactorial but commonly involves acidosis. With persistent acidosis, the excess protons are buffered by the bone with the release of bone calcium. With its release, the calcium is excreted by the kidney. Support for the theory that chronic acidosis is a cause of osteomalacia comes from those patients in whom correction of the acidosis results in remineralization of the bone (Richards et al, 1972; Siklos et al, 1980). It has also been shown, however, that major alterations in serum bicarbonate levels are not necessary for the development of the syndrome (Koch and McDougal, 1988; McDougal et al, 1988). Moreover, some patients with osteomalacia secondary to urinary intestinal diversion do not have bony demineralization corrected with restoration of normal acid-base balance. These patients have been found to manifest vitamin D resistance that is independent of the acidosis. It is likely that this resistance is of renal origin. Resistance can be overcome by supplying 1-α-hydroxycholecalciferol, a vitamin D metabolite that is much more potent than vitamin D2. When this substrate is provided in excess, remineralization of bone occurs (Perry et al, 1977). Also, it has been shown that reabsorption of urinary solutes may play a role in increasing calcium excretion by the kidney. Sulfate filtered by the kidney inhibits calcium reabsorption and results in both calcium and magnesium loss by the kidney. Thus, if the gut increases its sulfate reabsorption and requires the kidney to increase sulfate excretion, this results in hypercalciuria and hypermagnesuria (McDougal and Koch, 1989). Osteomalacia in urinary intestinal diversion may be due to persistent acidosis, vitamin D resistance, and excessive calcium loss by the kidney. It appears that the degree to which each of these contributes to the syndrome may vary from patient to patient.
It is clear that a number of metabolic problems have been obviated when meticulous attention is paid to correcting the abnormalities prospectively. If a base deficit of greater than 2.5 mEq/L is corrected, then some investigators have found no evidence of bone mineral density abnormalities (Stein et al, 1998). Indeed the type of diversion does not seem to make a difference when the acidosis is taken into account and corrected (Kawakita et al, 1996). Others suggest that there is no difference in continent diversions and ileal conduits with respect to bone loss (Campanello et al, 1996); however, in such selected series the distribution of acidosis across both groups is generally identical. It is clear that if the groups are large enough and not preselected, there is an increased incidence of acidosis in continent diversion patients. The take-home message is that if one pays meticulous attention to correcting the acidosis, bone mineral density abnormalities will probably not become problematic.

Patients who develop osteomalacia generally complain of lethargy; joint pain, especially in the weight-bearing joints; and proximal myopathy. Analysis of serum chemistry panels reveals that the calcium level is either low or normal. The alkaline phosphatase level is elevated, and the phosphate is low or normal (Harrison, 1958). The treatment as indicated earlier involves correcting the acidosis and providing dietary supplements of calcium. If this does not result in remineralization of the bone, the active form of vitamin D may be administered. If this is not successful, the more active metabolite of vitamin D3, 1-α-hydroxycholecalciferol, should be administered.

	Growth and Development

	There is considerable evidence to suggest that urinary intestinal diversion has a detrimental effect on growth and development. In a study of 93 myelodysplasia patients followed for 17 to 23 years, significant aberrations in growth were noted when morphometric parameters were analyzed. Anthropomorphic measurements in those with urinary intestinal diversion showed a decrease in linear growth in all indices measured, with a statistically significant decrease in biachromial span and in elbow-hand length (Koch et al, 1992).

Patients with long-term urinary diversions are more prone to fractures and to complications after orthopedic procedures. When myelodysplastic patients with ileal conduits were compared with a similar group of patients on intermittent catheterization, the patients with an ileal conduit had an increased number of fractures as well as malunion and nonunion after orthopedic procedures (Koch et al, 1992). It was found that more patients with urinary intestinal diversion fell below the 10th percentile than did patients who were treated with intermittent catheterization. There was, in fact, no difference in height and weight between the two groups studied (McDougal, 1992; Koch et al, 1992).

There is also experimental evidence for impaired linear growth in urinary intestinal diversion. When followed over the long term, rats with unilateral ureterosigmoidostomies demonstrate significantly decreased femoral bone length compared with nondiverted controls (Koch and McDougal, 1988). Thus, it appears clear that although obvious alterations in growth and development do not occur, when carefully studied, patients who have urinary intestinal diversions created in childhood and who maintain these diversions for more than 10 years have significant changes in linear growth.

	Infection

	An increased incidence of bacteriuria, bacteremia, and septic episodes occurs in patients with bowel interposition. A significant number of patients with intestinal cystoplasty develop pyelonephritis, and 13% have septic and major infectious complications (Kuss et al, 1970). The episodes are more frequent after colocystoplasty than after ileocystoplasty (Kuss et al, 1970). Acute pyelonephritis occurs in 10% to 17% of patients with colon and ileal conduits (Schmidt et al, 1973; Schwarz and Jeffs, 1975; Hagen-Cook and Althausen, 1979). Approximately 4% (8 of 178) of patients with ileal conduits die of sepsis (Schmidt et al, 1973).

Patients with conduits have a high incidence of bacteriuria. Indeed, approximately three quarters of ileal conduit urine specimens are infected (Guinan et al, 1972; Middleton and Hendren, 1976; Elder et al, 1979). It is clear that some patients are merely colonized at the distal end of their conduit, because the incidence of positive cultures can be markedly diminished by culturing the proximal portion of the loop by a double-catheter technique (Smith, 1972). Many of these patients, however, show no untoward effects and seem to do quite well with chronic bacteriuria. Deterioration of the upper tracts is more likely when the culture becomes dominant for Proteus or Pseudomonas . Thus, patients with relatively pure cultures of Proteus or Pseudomonas should be treated, whereas those with mixed cultures may generally be observed, provided that they are not symptomatic. Patients with continent diversions also have a significant incidence of bacteriuria and septic episodes (McDougal, 1986). Indeed, two thirds of patients with Kock continent diversions have positive cultures (Kock, 1987). The reasons for the increased incidence of bacteriuria and sepsis are unclear, but it is likely that the intestine is incapable of inhibiting bacterial proliferation, in contrast to the urothelium. Thus, intestine that normally lives symbiotically with bacteria when interposed in the urinary tract serves as a source for ascending infection and septic complications. Moreover, the intestine may make the urine less bacteriostatic and thereby promote the growth of bacteria.

	Stones

	One of the consequences of persistent infection is the development of magnesium ammonium phosphate stones. Indeed, the great majority of stones formed in patients with urinary intestinal diversions are composed of calcium, magnesium, and ammonium phosphate. Those most prone to develop renal calculi are patients who have hyperchloremic metabolic acidosis, pre-existing pyelonephritis, and urinary tract infection with a urea-splitting organism (Dretler, 1973). The incidence of renal stones in patients with colon conduits is 3% to 4% (Althausen et al, 1978; Hagen-Cook and Althausen, 1979) and in those with ileal conduits is 10% to 12% (Schmidt et al, 1973). In those with continent cecal reservoirs, there is a 20% incidence of calculi within the reservoir (Ashken, 1987). The stones may be due to persistent infection with alkalinization of the urine, persistent hypercalciuria for reasons described previously, and alterations of urinary excretion products by the intestine. In conduits and pouches, a major cause of calculus formation is a foreign body, such as staples or nonabsorbable sutures, on which concretions form. In intestinal reservoirs, alterations in bowel mucosa may also serve as a nidus for stone formation.

	Intestinal Motility, Short Bowel, and Nutritional Problems

	Many nutritional problems may occur as the result of a loss of significant intestinal absorptive surface resulting from the removal of substantial portions of the gut for the construction of urinary intestinal diversion. In patients with a significant loss of ileum, vitamin B12 malabsorption has been reported and results in anemia and neurologic abnormalities. Vitamin B12 deficiency was shown to occur in 10 of 41 patients who received preoperative radiotherapy before radical cystectomy and ileal ureterostomy (Kinn and Lantz, 1984). Loss of significant portions of ileum also results in malabsorption of bile salts. Because the ileum is the major site of bile salt reabsorption, the lack of their reabsorption allows them entry into the colon, which causes mucosal irritation and diarrhea. Also, loss of the ileum results in the loss of the "ileal break." The ileal break is a mechanism whereby when lipids come in contact with the ileal mucosa, gut motility is reduced so that increased absorption can occur. With the loss of ileum, the lipid does not result in decreased motility and is presented unmetabolized to the colon, which may result in fatty diarrhea.

Loss of the ileocecal valve may have a number of untoward effects. Because of the loss of the valve, reflux of large concentrations of bacteria into the ileum may occur, which results in small intestinal bacterial overgrowth. This may result in nutritional abnormalities that involve interference with fatty acid reabsorption and bile salt interaction. With the lack of absorption of fats and bile salts, these are presented to the colon and result in diarrhea. Moreover, reflux of bacteria into the small bowel may result in bile salt deficiency. Also, the lack of fat absorption may result in deficiencies of the fat-soluble vitamin A, osteomalacia owing to lack of vitamin D, and complexing of calcium with the fats to form soaps and thus a lack of calcium absorption. The ileocecal valve also serves as a break, and an intact valve prolongs the transit time of the small bowel and enhances absorption. Thus, its loss may contribute to nutritional abnormalities. Some have advocated reconstructing the valve mechanism between ileum and colon when the ileocecal segment is used for reconstruction.

Loss of a significant portion of jejunum may result in malabsorption of fat, calcium, and folic acid; however, significant portions of jejunum are rarely used for urologic reconstructive procedures. Loss of the colon may result in diarrhea because of a lack of fluid and electrolyte absorption; loss of bicarbonate because of its increased secretion in the ileum and lack of reabsorption; and dehydration because of the loss of fluids.

Of concern when intestinal segments are utilized in urinary reconstruction is the effect that removing a segment of intestine from the alimentary tract might have on intrinsic bowel function. Indeed, removing major segments from the alimentary tract may cause nocturnal bowel movements, fecal urgency, fecal incontinence, and diarrhea as well as nutritional deficiencies. A 1998 study compared patients with ileal conduits to those who had segments utilized for clam cystoplasty and not surprisingly found that those with clam cystoplasty had a 40% incidence of significant bowel problems (N'Dow et al, 1998). It is known that there is an association between detrusor instability and irritable bowel, perhaps accounting for the incidence of untoward disorders of bowel function in this series. Thus, there is a need for heightened awareness of bowel dysfunction in patients with detrusor instability in whom bowel segments are to be utilized. Also, one should warn patients who will have major portions of the intestinal tract used in the reconstruction that bowel problems may ensue.

	Cancer

	The incidence of cancer developing in patients with ureterosigmoidostomy varies between 6% and 29%, with a mean of 11% (Schipper and Decter, 1981; Stewart et al, 1982; Zabbo and Kay, 1986). There is generally a 10- to 20-year delay before the cancer becomes manifest. Histologically, the tumors include adenocarcinoma, adenomatous polyps, sarcomas, and transitional cell carcinoma. Case reports of tumors developing in patients with ileal conduits, colon conduits, and bladder augmentations have been described. Anaplastic carcinomas and adenomatous polyps have been reported in patients with ileal conduits. Adenocarcinoma has developed in patients with colon conduits; patients with bladder augmentations using both ileum and colon have developed adenocarcinoma, undifferentiated carcinoma, sarcomas, and transitional cell carcinoma (Filmer, 1986).

The etiologic mechanism of the development of the carcinoma is not understood. Whether the tumor arises from transitional epithelium or colonic epithelium is unclear. Because most of the tumors are adenocarcinomas, it has been assumed that the tumor arises from the intestinal epithelium. In experimental animals, adenocarcinomas have been shown to arise from transitional cell epithelium exposed to the fecal stream (Aaronson et al, 1989). Furthermore, studies show that the ureters in ureterosigmoidostomy patients have an exceedingly high incidence of dysplasia (Aaronson and Sinclair-Smith, 1984). Moreover, if the transitional epithelium is removed from the enteric tract, patients do not develop adenocarcinomas. If the urothelium is left in contact with the intestinal mucosa, however, even though the diversion is defunctionalized and the area is not bathed in urine, adenocarcinoma may still develop. This is illustrated by a case report in which a patient who had a ureterosigmoidostomy that was defunctionalized with a conduit 9 months after its creation developed cancer. The distal ureters at the sigmoid were left in situ. Twenty-two years later, the patient developed a cancer at the site of the ureterointestinal anastomosis (Schipper and Decter, 1981). This suggests that when ureterointestinal anastomoses are defunctionalized, they should be excised rather than merely ligated and left in situ. Other evidence including cell-staining techniques suggests that the colon is the primary organ of origin of the cancer at the ureterointestinal anastomatic site (Mundy, 1991, personal communication). Whether the urothelium or the intestine is the primary site of origin, it seems likely that tumors can arise from both tissues.

The highest incidence of cancer occurs when the transitional epithelium is juxtaposed to the colonic epithelium and both are bathed by feces (Shands et al, 1989). Nitrosamines, known mutagens, are produced in rats with ureterosigmoidostomy (Cohen et al, 1987), but at least at this juncture, there appears to be no convincing evidence to support a primary role for them in the genesis of the tumors. An abnormal pattern of colonic mucin secretion has been demonstrated in patients with ureterosigmoidostomy, but its significance is unclear (Iannoni et al, 1986). Induction of specific enzymes associated with carcinoma has also been demonstrated. Ornithine decarboxylase, an enzyme that has been found to be elevated in malignant colonic mucosa, is also elevated in experimental animals with vesicosigmoidostomy (Weber et al, 1988). The role epidermal growth factor and other growth factors play is currently being investigated. There is some evidence that these may at least play a role in development if not in induction. At this time, the cause of the genesis of cancer in urinary intestinal diversion is not known. Because its incidence is significant in patients with ureterosigmoidostomies, they should have routine colonoscopies on a frequent periodic basis.

	Neuromechanical Aspects of Intestinal Segments

	Both small bowel and colon contract to propel luminal contents in an aboral direction. The ability to propel luminal contents is a consequence of muscular activity as well as coordinated nerve activity. Both the small bowel and the colon have an outer longitudinal layer of muscle and an inner circular layer. There is also a muscularis mucosa, which is immediately beneath the mucosa and may extend into the villi. The outer and inner layers of muscle, however, play the major role in peristalsis. In the colon, the outer longitudinal layer of muscle condenses to form three taeniae coli. The bowel receives its parasympathetic innervation from the vagus. It is also innervated by the sympathetic nervous system. The nerves lie between the circular and longitudinal layers of muscle. The enteral nervous system operates autonomously, and therefore one can denervate the intestine and not affect the coordinated contractions. These contractions are termed activity fronts and may be stimulated by feeding, or they may be inhibited by exposing the lumen to various substances (i.e., lipid in the ileum decreases ileal motility). There are two aspects of neuromechanical properties that are particularly germane to urinary intestinal diversion: volume-pressure relationships and motor activity.

	Volume-Pressure Considerations

	The volume-pressure relationships depend on the configuration of the bowel. If one splits the bowel segment and turns it back on itself, the volume may be doubled if the ends are not closed (Fig. 106–34) (McDougal, 1987). In reconstructing intestinal segments for the urinary tract, however, one must close the ends. Thus, the limit of doubling the volume is never quite reached. Indeed, the greater the ratio of length to diameter, the greater the volume change when the ends are closed. If the ends are closed, when a diameter-to-length ratio of 1:3.5 is reached, splitting the segment no longer increases the volume. By splitting most segments, one is, in fact, increasing the volume by about 50%. The goal in reconfiguring the bowel is to achieve a spherical storage vessel. This configuration has the most volume for the least surface area. When the volume is increased, it has been suggested that pressure relationships within the confines of the intestine are reduced. This is based on Laplace's law, which states that for a sphere, the tension of its wall is proportional to the product of the radius and pressure. Thus, theoretically, for a given wall tension, the greater the radius, the smaller the generated pressure. A low pressure is desirable when one attempts to prevent deterioration of the upper tracts or incontinence. This relationship (Laplace's law), however, may not be accurately reflected for intestinal segments because they are not perfectly spherical, and the intestinal wall does not conform to Hooke's law but rather demonstrates viscoelastic properties, which tend to distort the relationship between the pressure applied at the wall and the tension generated in it. In any event, it does seem desirable to make an attempt to create as spherical a container as possible if one is attempting to create a reservoir.

Over time, the volume capacity of segments increases. This occurs only if they are frequently filled. Their volume decreases with time if they are nonfunctional (Kock et al, 1978). Over time, it can be demonstrated that there is a marked accommodation in the volume of pouches created from intestine. For ileal pouches, it has been shown that the capacity increases sevenfold after 1 year (Berglund et al, 1987). As the reservoirs increase in volume, there is a significant increase in smooth muscle thickness of the bowel wall (Philipson et al, 1983).

	Motor Activity

	It has been suggested that splitting the bowel on its antimesenteric border discoordinates motor activity and thereby creates a lesser intraluminal pressure. Clearly, the ideal situation is to provide the patient with a spherical vessel that has few or ineffective contractions of its walls. It can be demonstrated in experimental animals that when the bowel wall is split on its antimesenteric border and reconfigured, acutely there is a marked interruption of coordinated activity fronts, which over a period of 3 months return to their normal coordinated state (Concepcion et al, 1988). This has also been demonstrated clinically, as initially after reconfiguring the bowel (detubularization), coordinated activity fronts have been shown to decrease. Over extended periods of time, however, many of the peristaltic waves (activity fronts) reappear and can be readily demonstrated (Fig. 106–35).

The literature is contradictory with respect to the effect of detubularization on segments of ileum and colon used to construct storage vessels for continent diversions. Pressure within the lumen of bowel that has both ends closed may be increased by adding volume or by reducing the size of the bowel through contractions of its wall. Because the bowel wall is freely permeable to water, the higher osmotic content of urine obligates the movement of water into the bowel lumen. Most patients with continent diversions excrete 2 to 4 L/day (McDougal, 1986). In evaluating whether motor activity is the primary determinant of intravesical pressure, one must be cognizant of fluid volume changes. Also, as indicated previously, early reports of detubularized segments would be expected to differ from later reports when coordinated activity fronts in these segments return.

These facts are often forgotten, and because pressure measurements are used to infer motor activity rather than directly measuring it as reflected by changes in bowel wall tension, it is not difficult to understand why there are so many contradictions in the literature. Detubularization of ileal segments has been reported by some to decrease motor activity at 1 year compared with immediately postoperatively (Berglund et al, 1987), whereas others have noted increased motor activity at 1 year. Involuntary pressure waves occur in 25% of patients with Kock pouches. Maximal intravesical pressures average 41 cm H2O in these pouches (Chen et al, 1989). Ileum has also been shown to have less activity fronts per unit period of time than cecum (Berglund et al, 1986). Cecum has been observed to have the same number of activity fronts 1 year postoperatively, but the amplitude of the pressure waves has been observed to decrease over time (Hedlund et al, 1984). Maximal pressures in normal cecum have been shown to range from 18 to 100 cm H2O (Jakobsen et al, 1987), whereas detubularized cecum has been shown to have pressures that range between 5 and 25 cm H2O 1 year postoperatively (Hedlund et al, 1984). Others, comparing ileum with cecum, find no differences in pressure generated after 1 year (Hedlund et al, 1984). The MAINZ pouch, which employs both ileum and cecum, has an average pressure at capacity of 39 cm H2O with a maximal pressure of 63 cm H2O (Thuroff et al, 1987). Thus, reconfiguring bowel usually increases the volume, but its effect on motor activity and wall tension over the long term is unclear at this time.

	Summary

	This chapter addresses complications both independent of and dependent on the specific type of urinary intestinal diversion. Each unique type of diversion has its own set of individual complications. Moreover, the procedure preceding the urinary intestinal diversion also has a set of complications that must be added to those described previously. It is clear that with current modalities of urinary intestinal diversion, long-term complications significantly contribute to patient mortality and morbidity. Many patients who have intestinal diversion after an extirpative procedure for cancer, however, die of the cancer rather than these long-term complications. Those for whom a urinary intestinal diversion has been created for benign disease and those who are cured of cancer are most likely to experience long-term morbid complications. The knowledge of the frequency of these complications and the correct performance of preoperative preparation, surgical technique, and postoperative care, as outlined in this chapter, should provide the best chance for the least mortality and morbidity in patients undergoing urinary intestinal diversion.




 

