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Abstract

Bladder cancer is one of the most frequent human cancers. In 2011 more than six thousand people in Poland devel-
oped BC and more than three thousand died because of it. Treatment of bladder cancer depends on its stage. In less
advanced tumours (Ta, Tcis, T1) transurethral resection of bladder tumor with adjuvant immunotherapy is often
therapeutic. In more advanced cases (> T2) radical cystectomy is needed. There are several surgical types of post-
cystectomy urinary diversion divided into two fundamental types - enabling and not enabling urine continence.
The most common procedures include ureterocutaneostomy, ileal or colon conduit, orthopic ileal bladder, hetero-
topic continent bladder replacement (pouch) and urinary diversion via the rectum. Depending on type of cystec-
tomy, various metabolic complications occur, because the absorptive-secretory function of used bowel segment is
intact. Complications include bowel dysfunction, malabsorption of various vitamins, acid-base imbalance, electro-
lyte imbalance, abnormalities in bone metabolism, formation of renal calculi, secondary malignancies and distur-
bances in function of kidneys or liver. Early diagnosed complications can be treated easier, recognised in advanced
stages are often irreversible. In our paper we present review of different approaches to bladder cancer treatment
and metabolic complications occurring after these procedures (Adv Clin Exp Med 2014, 23, 4, 633-638).
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Bladder cancer (BC) is one of the most frequent
human cancers. In 2011 more than six thousand
people in Poland developed BC and more than
three thousand died because of it. In terms of mor-
bidity in 2011 it was the fifth in male and fifteenth
in female cancer in Poland [1]. Frequently, the sole
symptom of BC is microscopic or macroscopic
haematuria, without any pain or urinary disorders.
Other possible symptoms like polyuria or urinary
urgency can indicate carcinoma in situ. However,
palpable tumor in abdomen, bone pain or weight
loss can identify advanced and metastatic cancer.

Incidence and prevalence of BC increase with age
and exposure to environmental toxins like cigarette
smoke. It is proven that smokers have 2 to 6 times
grater chance of BC development [2]. Male gender,
inflammation, chronic infection of bladder and pre-
vious radiotherapy are other predisposing factors.

The most common histological type of BC is
urothelial cancer. Staging of BC is based on inva-
sion of bladder wall, and is described within TNM
(tumor, nodes, metastases) system. Treatment of
BC depends on its stage. From a clinical point of
view, the most important division is one, which
splits into noninfiltrating lamina muscularis tu-
mours (Ta, Tcis, T1) and those infiltrating lami-
na muscularis (= T2). In the first group the pro-
cedure of choice is TURB (transurethral resection
of bladder tumor), which is diagnostic and often
therapeutic. If TURB procedure is insufficient, ac-
cording to staging and clinical situation, re-TURB
or adjuvant immunotherapy can be introduced.
In tumours with muscular invasion the method of
choice is radical cystectomy. That procedure in-
clude removal of bladder, prostatic gland, seminal
vesicles, parietal peritoneum, final parts of ureters,
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and lymph nodes located in small pelvis. In wom-
en additionally uterus with appendages and front
wall of vagina should be removed [3, 4].

Inherent part of radical cystectomy is drainage
of urine. There are several surgical types of post-
cystectomy urinary diversion divided into two
fundamental types - enabling and not enabling
urine continence. In the first group there are or-
thopic ileal bladder, heterotopic continent bladder
replacement (pouch) and urinary diversion via the
rectum. The second group includes ureterocuta-
neostomy and ileal or colon conduit.

Choosing the appropriate one considering pa-
tient’s preferences, age, and comorbidities, as well
as the tumour’s oncological characteristics and
surgeon’s experience is very important issue.

Continent Orthotopic
Bladder Substitution
(Neobladder)

This form of urinary diversion most closely
resembles the natural bladder’s function and lo-
cation [5]. Most ileal reservoirs consist of 50 to
75 c¢cm of terminal ileum, which is detubularized
and folded in different variations to create a spher-
ical shape. The ureters are anastomosed to the af-
ferent tubular segment in end-to-side refluxing
fashion and caudal part of the neobladder is joined
with urethra. The reservoir is located in the pelvis
minor and is emptied by increasing intra-abdom-
inal pressure. Continence mechanism is preserved
by patient’s own sphincter [6].

Neobladder is contraindicated in patients with
impaired renal and liver function and chronic in-
flammatory bowel disease, as well as in patients
in whom urethra is affected, or in women, whose
bladder neck is invaded by the tumour [7].

Heterotopic Continent
Bladder Replacement

In this form of urinary diversion creation of
a reservoir is required. The conditions in which
this method is used include neurogenic functional
and lower urinary tract disorders, congenital mal-
formations and tumor invasion of urethra [8].

The different variants of continent catheter-
izable reservoirs vary according to the bowel seg-
ment (ileocecum, colon or ileum) that is used. The
continence mechanism is usually provided by ileo-
cecal valve, submucosally implanted appendix, an
ileum invagination nipple, or short, tapered seg-
ments of the intestine [8]. The pouch is voided by

self-catheterization through a permanent stoma.
Patients qualified to this method have to be able to
self-catheterize the reservoir [9].

Ureterosigmoidostomy

Ureterosigmoidostomy is a procedure in which
rectosigmoid reservoir is created and the ureters
are anastomosed in an antirefluxive manner into
the pouch. The anal sphincter preserves both bow-
el and urinary control. This type of urinary diver-
sion requires a thorough preoperative evaluation
including ultrasonography and CT scans of the
pelvis and abdomen, cystoscopic resection biopsy
of the tumor, as well as colonoscopy. Anal sphinc-
ter function and integrity must be also assessed
before the surgery. Patients with dilated ureters,
completed or planned extensive pelvic irradiation,
renal insufficiency, colorectal disease or incom-
petent anal sphincter are not candidates for this
procedure [7].

Ureterocutaneostomy

The bilateral side-to-side cutaneous ureteros-
tomy is the simplest operative procedure for uri-
nary diversion. The ureters are detached from the
bladder and then implanted separately or jointly
into the skin, so that stomas are created. The urine
drains into special collection bags. This technique
is less invasive than the ileal conduit urinary di-
version, but carries a high complication rate, es-
pecially ureteral stenoses, often requiring ureteral
catheterization [5].

The conditions that may result in a need for
ureterocutaneostomy are serious comorbidi-
ties and reduced life expectancy. Palliative treat-
ment and malfunction of previous urinary diver-
sion are also indications for this procedure. This
method is also recommended in situation when
the use of bowel segments should be avoided, for
instance previous or intended radiotherapy of pel-
vis and bowel pathologies like ulcerative colitis and
Crohn’s disease [10].

Ileal Conduit Urinary
Diversion

The ileal conduit is the most commonly used
type of urinary diversion (33 to 63%) [11]. First
described by Eugene Bricker in 1950, this simple
method to perform a refluxing end-to-side ure-
ter-small bowel anastomosis has low complication
rate [12].
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Ureters are anastomosed end-to-side into the
segment of ileum in a reflexive manner, which may
result in reverse flow of urine back to the kidney.
Creating an ileal conduit is technically simpler and
the less time consuming than a continent bladder
substitution system. Additionally, when an ileal
conduit is formed, shorter segment of the bowel
is excised [13].

Creating urinary diversion may cause com-
mon surgical complications and infections, ileus,
hydronephrosis or bowel anastomosis defects may
occur [14]. Additionally many metabolic changes,
rarely mentioned in the literature and often un-
derestimated by physicians, are observed. Meta-
bolic abnormalities protrude, because the absorp-
tive-secretory function of used bowel segment is
intact [15]. Urine has prolonged contact with big
area of normal bowel epithelium and exchange of
various substances is possible. Additionally length
of bowel is shortened and resorption area is di-
minished. Complications include bowel dysfunc-
tion, malabsorption of various vitamins, acid-base
imbalance, electrolyte imbalance, abnormalities in
bone metabolism, formation of renal calculi, and
disturbances in function of kidneys or liver. Severi-
ty of metabolic complications depends on different
factors. The most important agents are the length
and the type of bowel segment used for urinary di-
version. Each part of bowel is different from an-
other, consequently, complication vary depending
on kind of bowel used. Other significant factors are
age of patient, duration of urine detention, kidney
and liver function, type of performed surgery and
comorbidities [5, 15-17].

Bowel Abnormalities

Many patients with urinary diversion suffer
from diarrhea [18]. The main reason is reduced
absorption of bile salts and fats in shortened bow-
el. Normal circulation (enterohepatic cycle) of bile
salts is disturbed and great amounts of them reach
colon causing irritations and diarrhea. Due to loss
of big quantity of bile salts, fats cannot be properly
emulsified and absorbed leading to chronic steat-
orrhea [19]. This phenomenon is positively relat-
ed with length of resected segment. Other mecha-
nism occurs when part of colon is resected. Water
reabsorption and resorption of intestine alkaline
content likewise is diminished. That causes acido-
sis and dehydration.

In cases with resected ileocecal valve diarrhea
is caused by bacterial overgrow in upper part of
gastro-intestinal tract and by acceleration of intes-
tinal transit time, which disrupts digestion and ab-
sorption of food. In some cases, reconstruction of

resected ileocecal valve should be performed [20].
To prevent diarrhea after urinary diversion, abun-
dant fibber consumption should be recommended.
Sometimes use of bile salts binding drug - chole-
styramine is efficient, however, it can generate de-
ficiency of fat-soluble vitamins [21]. Additionally,
it is vital to recommend large fluid intake to pre-
vent dehydration [15, 22].

B,, Absorption Disorders

Resection of terminal ileum, where vitamine B,
(cobalamin) is absorbed leads to it’s hypovitamin-
osis. Mild hypovitaminosis is predominantly as-
ymptomatic, however, after body supply exhaus-
tion, it may cause megaloblastic anaemia, Hunter’s
glossitis, or severe neurologic injuries [5, 15, 23].
Therefore, oral supplementation should be consid-
ered in patients with urinary diversion.

Renal Function

Renal function can deteriorate after urinary di-
version but the cause of this phenomenon is not
completely clear. Urinary diversion is firm indi-
cation for renal function monitoring. It can be
achieved by using creatinine serum levels, how-
ever, this method is not very accurate, especially
in patients with low filtration rate. It was shown
in literature, that estimated glomerular filtration
rate (eGFR) based on creatinine serum level, is
lower in patients after urinary diversion [24]. Us-
ing other agents like cystatin ¢, nuclear scans or
single injection of *'Cr-EDTA for the determina-
tion of glomerular filtration rate seems to be more
adequate [25].

Renal impairment may possibly occur due to
recurrent infections (for which those patients are
prone) [18] and/or obstruction of urinary tract
caused by ureterointestinal anastomosis defects
and urolithiasis.

Urolithiasis

The formation of renal calculi after urinary di-
version is well documented [26]. Factors in urine,
which favour stones formations, are alkaline pH,
decreased concentration of citrate and increased
concentration of phosphate, calcium and sulphate.
Stones are more frequently localized in upper uri-
nary tract. Urinary stones are also formed in res-
ervoir. This is due to the fact that the bowel ep-
ithelium promotes calculi formation itself. Some
foreign materials like staples left after procedure
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are responsible for urolithiasis as well [27]. Other
conductive factors are poor emptying of the res-
ervoir and tendency of bowel epithelium exposed
to the effects of urine components to infections,
which, especially with urea-splitting organisms,
can cause struvit (magnesium ammonium phos-
phate) lithiasis [28]. The most predisposed to uro-
lithiasis type of urinary diversion is Kock pouch.
Up to 43% patients with this type of pouch develop
lithiasis. It is caused by often coexisting infection
and abundance of foreign material used for this
form of pouch creation [29]. Treatment of lithiasis
is based on electroshock wave lithotripsy (ESWL)
or the percutaneous endoscopy. For bigger con-
crements removal laparotomy and enterocystos-
copy can be used. For preventing recurrent bacte-
riuria close surveillance and antibiotic prophylaxis
is recommended [30].

Acid-Base and Ions
Imbalance

Bowel part used for urinary diversion main-
tains its absorptive function, what enables many
substances like urine, ammonia, hydrogen and
chloride to be reabsorbed back to the blood flow.
That results with metabolic hyperchloremic acido-
sis and increased load of nitrogen compounds, es-
pecially when colonic part is used for urinary di-
version [27]. Reduced kidney function, which is
common in patients with urinary diversion, ad-
ditionally deteriorates acidosis. Majority of pa-
tients present clinically insignificant acidosis, but
in some cases it can provoke bone demineraliza-
tion and other complications. Treatment of ac-
id base imbalance is based on intake of sodi-
um citrate, sodium bicarbonate, nicotinic acid or
chloropromazine [27].

Acid base imbalance and electrolyte distur-
bances often coexist. Electrolyte disturbances are
more common in patients with continent urinary
diversion. It obviously depends on type of used
bowel, but hypokalemia, hypomagnesemia and hy-
pocalcemia most often occur.

Rarely, when gastric tissue is utilized, there is
no risk of acidosis, contrary hypochloremic, hy-
pokalemic metabolic alkalosis can occur. When je-
junal part is utilized hyponatremia can appear with
hypochloremic acidosis. When ileum or colon is
used hypokalemia with coexisting acidosis is typi-
cal [5, 31, 32].

From ion disorders mentioned above, the most
severe is hypokalemia. It can result with general
weakness and arrhythmias. It can create diagnos-
tic problems and can be taken for Guillain-Barre
resembling syndrome [33].

Liver Function

In very rare cases, urinary diversion proce-
dures can alternate liver function. Patients with
liver disease are particularly prone to that compli-
cation. Increased ammonia load caused by urinary
infection with urease producing bacteria and uri-
nary obstruction can exceed liver metabolic capa-
bilities and cause severe neurological symptoms
due to hyperammonemia.[34]

Drugs Metabolism

Great part of drugs is secreted in urine as me-
tabolised or in intact form. Drugs in patients with
urinary diversion can be absorbed by bowel epi-
thelium back to blood flow. It changes its kinetics,
complicates drug therapy and increases its toxicity.
These effects are documented for lithium, hydro-
cortisone, theophylline, phenytoin and ciprofloxa-
cin [35]. On the other hand, drugs like methotrex-
ate and their metabolized forms can be toxic to the
bowel epithelium [36]. That phenomenon occurs
with different extent and with high interindividual
variability, therefore, dosage of some drugs should
be adjusted to every patient separately.

Bone Demineralization

There are several probable pathomechanisms of
bone demineralization. First, acidosis is buffered by
carbonate mobilized from bones, calcium is unbun-
dled into blood flow and finally secreted in urine [37].
Second, acidosis activates osteoclasts [38]. Third, ac-
idosis undermines activation of vitamin D in kid-
neys [27]. Finally, in shortened bowel less calcium
and vitamin D is reabsorbed. All that results in de-
mineralization of bones and may cause rickets in
children and osteomalacia or osteoporosis in adults.
Clinical symptoms include bone pain and pathologi-
cal fractures. This effect is more intensive in patients
with reduced kidney function. There are none guide-
lines indicating when and which patient should un-
dergo screening — densitometry. Alike to define the
time, when treatment should be introduced requires
further investigation. Equalizing acid base abnor-
malities and supplementation of vitamin C and D is
recommended to treat that complication [27].

Malignancies

Some authors prove, that after urinary diversion
the risk of secondary malignancy is increased. In post-
operative follow-up, tumours were found in 1 to 4,5%
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of patients, additionally the risk was higher in patients
with carcinogens like tobacco exposure. Gastric tissue
is probably more vulnerable for secondary malignan-
cies than other types of urinary diversion [39].

Urinary diversion through the rectum is asso-
ciated with an increased risk of developing an ad-
enocarcinoma at the site of the ureterointestinal
implant. For that reason, follow-up examinations
after the fifth postoperative year should include ev-
ery-year colonoscopy [40].

Other Complications

A specific issue of urinary diversion using
bowel segment is mucus production in the reser-
voir, which needs to be removed by using forced
diuresis and, if required, intermittent irrigation of
the reservoir by using self-catheterization [5].

If large segment of jejunum is utilized, malab-
sorption of nutrients can occur.

Usage of gastric tissue causes coexisting hy-
pergastrinemia with peptic ulcer disease, iron defi-
ciency or megaloblastic anemia [15].

Conclusion

Urinary diversion is a common procedure. It is
vital that urologists and other specialists are aware
and remember that beside typical surgical com-
plications, metabolic abnormalities can develop,
even though several years after procedure. Some
of these complications can be managed by endo-
scopic procedures, but and open surgical revision
is sometimes required. Early diagnosed complica-
tions can be easily treated, recognised in advanced
stages are often irreversible.
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