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Abstract In this study, we analyzed the pattern of met-
abolic acidosis in patients following the construction of
a sigmoid neobladder and then search for the risk fac-
tors which affecting this. In 23 men aged 43–73 years
and nine women aged 49–74 years who underwent
sigmoid neobladder surgery, we performed physical
examinations and blood tests every 3 months for
13–75 months (38.7±16.6: mean±SD). We monitored
acid-base balance, serum electrolytes, creatinine, lipid
and liver function in patients for up to 6 years postop-
eratively. Creatinine clearance over 24 h was determined
preoperatively. According to pH and base excess mea-
sured during follow-up, patients were classified into
three groups (normal, 17 patients; temporary acidosis,
eight patients; persistent acidosis, seven patients). Pa-
tients with temporary acidosis could compensate spon-
taneously by 1 year without being given sodium
bicarbonate; those with persistent acidosis could not
compensate spontaneously and five of them required
medication with sodium bicarbonate after 1 year. Serum
creatinine in patients with persistent acidosis was con-
sistently higher during follow-up than in the other two
groups. Preoperative creatinine clearances in the normal,
temporary, and persistent groups were 94.25±27.47,
95.19±18.63, and 69.18±16.18 ml/min/1.73 m2, re-
spectively, being significantly lower in the persistent
group (P<0.05). In this group, patients with creatinine
clearances less than 70 ml/min/1.73 m2 could not com-
pensate for metabolic acidosis. Normal and temporary
groups showed different changes of serum chloride and

bicarbonate during follow-up (respectively higher and
lower) although the renal functions of the two groups
were similar. Chloride and bicarbonate varied recipro-
cally with pH and base excess. Temporal hyperchloremic
metabolic acidosis was observed until a year after sur-
gery. In conclusion, temporary acidosis can be caused in
some patients in spite of normal renal function, although
it is difficult to predict it. In addition, careful follow-up
is required, especially in patients with a creatinine
clearance <70 ml/min/1.73 m2 who can encounter per-
sistent acidosis.
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Introduction

A variety of surgical procedures using an intestinal
segment as a bladder substitute have been widely used.
However, a potential risk exists of increased water loss
[25] and metabolic acidosis [2, 16] because of mucosal
shifts of water and solutes. Water movement follows the
osmotic gradient and is dependent upon the tightness of
the membrane. Compared with the ileum, the colon’s
tight junctions are fairly impermeable to water and are
capable of maintaining significant osmotic differences
between blood and lumen. With colon segments, there is
less tendency to lose water. In contrast, patients with
ileal segments often lose water. In addition, both seg-
ments secrete sodium and bicarbonate ions and reabsorb
ammonia, ammonium, hydrogen ions and chloride ions
when exposed to urine, causing metabolic acidosis.
Metabolic acidosis reportedly develops in 86% of pa-
tients following rectosigmoid bladder construction [6],
while it is rare or absent with a continent caecal reservoir
[8], and the Hautmann [24], the Gilchrist [35], Kock [5,
17], Camey [21], Lebag [20], Mainz [37], and Koch [16]
procedures. The likelihood of acidosis is dependent on
the portion of intestine, type of urinary diversion, and
length of the intestinal segment. The degree of acidosis is
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considered to be related to the surface area of bowel
exposed to the urine and the duration of exposure. Ac-
tive and passive transport systems responsible for in-
testinal mucosal absorption and secretion appear to be
similar in the ileum and colon [9, 39]. An animal study
failed to demonstrate a metabolic advantage with in-
testinal reservoirs that incorporate ileum rather than
colon or vice versa [26]. In patients with intestinal uri-
nary tract substitutes, most authors consider impaired
renal function to be a prerequisite for symptomatic
metabolic acidosis [19], although Stamey demonstrated
that acidosis may occur despite normal renal function
[32]. The renal functional reserve is important in com-
pensation for metabolic disorders; Kristjansson et al.
[19] reported that a glomerular filtration rate of ap-
proximately 55 ml/min/1.73 m2 was the minimum re-
quired to compensate for the ongoing endogenous acid
load.

The aim of the present study was to elucidate how a
modified sigmoid neobladder affected acid-base balance
and to determine which patients compensate for acidosis
during follow-up.

Materials and methods

We studied 23 men aged 43–73 years (62.4±8.7, mean±SD) and
nine women aged 49–74 years (59.3±9.3) all of whom had un-
dergone surgery for transitional cell carcinoma of the urinary
bladder and were alive with no evidence of recurrence at the most
recent follow-up at 13–75 months postoperatively (38.7±16.6
months).

The standard surgical procedure was a radical cystectomy with
construction of a neobladder using 30–35 cm of sigmoid colon as
previously described [19]. The patients were followed up at 1 and
3 months after discharge from the hospital, and then every
3 months up to 6 years. At each follow-up the clinical examination
was routinely accompanied by blood tests to evaluate acid-base
balance (pH, base excess and bicarbonate); creatinine (0.5–1.3 mg/
dl, normal range); phosphate; sodium (Na); potassium (K), and
chloride (Cl); total proteins and albumin; cholesterol and triglyce-
rides; and glutamic oxaloacetic transaminase (GOT), gamma-
glutamyl transpeptidase (c-GTP), serum glutamic pyruvic
transaminase (GPT), alkaline phosphatase (ALP), lactate dehy-
drogenase (LDH), and total bilirubin (Bil). Preoperatively, 24-h
urine samples were analyzed for creatinine, and 24-h creatinine
clearance was calculated. No patient had any illness, such as severe
pulmonary derangement, that could cause acidosis. Patients were
not treated with any medication that could lead to metabolic
acidosis or influence intestinal absorption. Patients with excessive
metabolic acidosis (base excess less than –5) were treated with
sodium bicarbonate if compensation was not expected because of
impaired renal function at 1 year postoperatively.

Differences between the groups of patients were assessed by a
post-hoc test or analysis of variance (ANOVA). A value of P<0.05
was considered to indicate statistical significance.

Results

Patients were classified into three types according to the
changing patterns of pH or base excess observed during
follow-up (Fig. 1A, B). Both base excess and pH were
always within normal limits during follow-up in 17 pa-
tients (53%) (normal type). In contrast, eight patients

temporarily showed low pH and low base excess, which
was maximal at 9 months after surgery (temporary aci-
dosis). These patients could compensate for the acidosis
spontaneously by 1 year, without receiving sodium bi-
carbonate. The remaining seven patients showed con-
tinuing low pH and base excess and could not
spontaneously compensate for acidosis, requiring treat-
ment with sodium bicarbonate after 1 year (persistent
acidosis). Despite this medication, the acidosis was never
completely corrected to normal. Serum creatinine in the
persistent group was consistently higher during follow-
up than in the other groups (Fig. 2). No difference was
observed in serum creatinine between normal and tem-
porary groups. The preoperative creatinine clearances in
normal, temporary, and persistent groups were
94.25±27.47, 95.19±18.63, and 69.18±16.18 ml/min/
1.73 m2, respectively (Fig. 3). Creatinine clearance in the
first two groups was significantly higher than in the
persistent group (P<0.05). In the persistent group, pa-
tients with a creatinine clearance of less than 80 ml/min/
1.73 m2 could not compensate for metabolic acidosis.

Bicarbonate (Fig. 1C) and Cl concentrations
(Fig. 11) in each group showed changes that were re-
ciprocal to those of pH and base excess. Serum chloride
and bicarbonate differed between normal and temporary
groups, even though renal function was similar. In the
temporary group, the bicarbonate concentration was
maximally decreased at 9 months, and recovered to
normal by 1 year after surgery. The chloride level in-
creased up to 9 months and decreased after 12 months.
Temporary hyperchloremic metabolic acidosis was ob-
served in the temporary group until 1 year after surgery.
In the normal group, concentrations of bicarbonate and
chloride were usually normal throughout follow-up. In
the persistent group, the bicarbonate concentration was
consistently lower than normal, while chloride was high
during follow-up. Thus, ongoing hyperchloremic meta-
bolic acidosis was observed.

Sodium, potassium, total protein, albumin, choles-
terol, triglyceride, and liver function markers (GOT,
GPT, ALP, c-GTP, and Bil) did not differ significantly
among the three groups or change significantly during
the follow-up period.

Discussion

Most patients with urinary diversion via a segment of
intestine are at risk for metabolic disturbances. Several
factors appear to exert an important influence on the
severity of the metabolic acidosis seen, including the
type of urinary diversion and the portion of intestine
used. The surface area of the intestinal segment used for
reconstruction and exposure time of urine to intestinal
mucosa are important, as is the underlying renal func-
tion, including the ability to concentrate the urine and
excrete an acid load.

Many studies have considered metabolic disorders
after urinary diversion. Reported frequencies of
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metabolic acidosis in various studies are listed in Ta-
ble 1. No acidosis were observed with Camey I type ileal
enterocystoplasty [31], continent urinary colonic or ile-
ocaeal reservoir [26, 30], continent Kock ileal reservoir
[17], or continent colonic urinary diversion [16] includ-
ing orthotopic bladder substitution [38] provided that
the patients had well-preserved renal function. In addi-
tion, Koch [16] concluded that urinary diversion via a

continent colonic reservoir imparts no significant meta-
bolic acidosis over the short term to patients with nor-
mal renal and hepatic function. According to the
frequency of acidosis in the patients (Table 1), there
appeared to be no differences between colonic and ileal
reservoirs. However, the absorption test for sodium and
chloride in the intestinal reservoir revealed a decreased
absorptive capacity of sodium and chloride through the
mucosa with time [1], and that the absorption of 36Cl
was greater in the colonic reservoir than in the ileal one
[7]. The ileal reservoir may be preferable because the low
reabsoption of chloride is better, especially when the
renal function is impaired and the intestinal reservoir is
reconstructed.

Generally, patients with a urinary diversion and
normal renal and hepatic function appear to be able to

Fig. 1A–D. The postoperative metabolic changes. A, pH; B, base
excess; C, bicarbonate; D, chloride. Empty circle, normal; filled
circle, temporary; empty square, persistent. Normal; both pH and
base excess were within the normal range during follow up.
Temporary; both pH and base excess were temporarily lower than
the normal range during follow up. Persistent; both pH and base
excess were persistently lower than the normal range during follow
up

Fig. 2. The postoperative level
of creatinine clearance. Empty
circle, normal; filled circle, tem-
porary; empty square, persis-
tent. An asterisk indicates a
significant difference (P<0.05)
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compensate for ongoing absorption of the acid by the
neobladder. However, when patients with renal impair-
ment undergo various modes of urinary intestinal re-
construction [40], the risk of metabolic acidosis is
greater. Metabolic acidosis may persist over a long in-
terval in less carefully selected patients with impaired
renal function [34]. However, the degree of severity of
renal impairment which is likely to affect the frequency
of metabolic acidosis and preclude compensation for
metabolic acidosis is unknown.

The kidneys are primarily responsible for maintaining
a normal acid-base balance. Limited ability of the kid-
neys to excrete resorbed urinary solutes is considered the
primary basis for metabolic derangement following
urinary diversion [1, 11, 14, 27]. Kristjansson et al. [19]
reported that patients with a glomerular filtration rate of
at least 55 ml/min/1.73 m2 have sufficient renal function
to compensate for the chronic endogenous acid load
resulting from urinary diversion, while those with a
lower glomerular filtration rate develop metabolic aci-
dosis. In our study, the creatinine clearance of patients
without metabolic acidosis (94.3±27.5 ml/min/1.73 m2)
or patients able to compensate for temporary acidosis
(95.2±18.6 ml/min/1.73 m2) was higher than that of
patients with persistent metabolic acidosis throughout
follow-up (69.2±16.2 ml/min/1.73 m2). In addition, our
study showed that creatinine clearance in patients with
persistent metabolic acidosis during follow-up was less
than 70 ml/min/1.73 m2. In spite of the treatment with

Fig. 3. The postoperative serum level of creatinine. Empty circle ,
normal; filled circle, temporary; empty square, persistent. Normal;
both pH and base excess were within the normal range during
follow up. Temporary; both pH and base excess were temporarily
lower than the normal range during follow up. Persistent; both pH
and base excess were persistently lower than the normal range
during follow up. An asterisk indicates a significant difference
(P<0.05)

Table 1. Metabolic acidosis in patients with urinary diversion. N.D.: not described

Author No. of patients Type of urinary diversion Hyperchloremia only Hyperchloremic acidosis Reference no.

Djavan 216 ileal loop neobladder N.D. 42 10
60 ureterosigmoidostomy N.D. 41

Rogers 20 ileal neobladder 4 (transient) 1 (transient) 29
1 (persistent)

Tammela 19 neobladder (ascending colon) 1 1 36

Bejany 25 ileocolic neobladder 2 0 4

Stein 4 ileocolic (Mainz pouch I) 0 2 33
6 colon conduit 0 1
16 rectal reservoir 0 2

Weckermann 15 ileal neobladder 1 4 41

Davidsson 10 conduit (ileum or colon) N.D. 0 8
8 continent cecal reservoir 0

Studer 100 ileal neobladder (Studer) no major change depends on the length
of ileum

34

30–38 cm: about 25%
40 cm: about 45%

45–60 cm: about 65%
Salomon 17 Carney-type I

enterocystoplasty (35 cm ileum)
1 0 31

Jahnson 51 ileal conduit 17 2 15
ureterostomy
Kock pouch
S-shaped bladder substitution

Lockhart 17 ascending colon (50–70 cm) 12 0 22
6 ascending colon (30 cm) 5 0
8 stomach and ileum 0 0
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sodium bicarbonate, the level of base excess did not
recover to the normal level in any patients. Therefore,
the patients with creatinine clearance <70 ml/min/
1.73 m2 may not be suitable for the diversion using an
intestinal segment.

However, the incidence of acidosis after urinary
diversion may be influenced by factors apart from renal
function. In our study, the normal and temporary groups
showed similar preoperative renal function while only
patients in the latter group showed temporary acidosis
during the first postoperative year. The reason may in-
volve individual differences in the absorption and
excretion of electrolytes by the neobladder even though
the portion of the intestine used to construct the neo-
bladder was the same. Usually the bowel segment in-
corporated into the urinary tract secretes sodium and
bicarbonate, while reabsorbing ammonia and hydrogen
ions to maintain electrolytic neutrality [11, 23]. Chloride
shift is considered a common phenomenon. In our study,
the temporary group showed the increase of serum
chloride and the decrease of bicarbonate in accord with a
decrease of pH and base excess at 9 months after sur-
gery. During this early period, kidneys with normal
function could still not compensate for the effect of the
abnormal transport of serum electrolytes. Therefore,
individual differences in the transport of electrolytes
through the interposed intestine are important determi-
nants of the incidence of acidosis. Preoperative identifi-
cation of patients inclined to develop temporary acidosis
due to the high activity of the intestinal transport func-
tion after urinary diversion proved difficult. However, we
demonstrated that acidosis with adequate renal function
tends to improve within 1 year, possibly because of
changes in the intestinal mucosa caused by exposure to
urine eventually alter the transport activity of electro-
lytes in the neobladder. Metabolic acidosis reportedly
decreases with time, in association with significant
structural changes in the ileal mucosa such as atrophy of
the intestinal villi, decrease of villi-to-crypt ratio and
mucosal fibrosis after long-term exposure to urine. These
are responsible for the time dependent decreased
absorptive capacity of the intestinal mucosa [3, 18, 23,
28, 34]. Moreover, the absorption of chloride from an
ileocecal reservoir (Mainz pouch I) is greatest during the
first 6 months after surgery, and then declines markedly
with time. A decreased absorption rate and consequent
changes of acid-base profile in the blood were especially
apparent in the first year after surgery [12], a pattern
consistent with our finding in the temporary group. On
the other hand, some patients with normal renal function
did not improve metabolic acidosis. This may be because
the absorptive capacity did not change despite progres-
sive mucosal atrophy and morphological changes were
minimal in the continent ileocolic urinary reservoirs after
long-term exposure to urine [23].

In conclusion, there are some patients who have
temporary acidosis probably due to individual differ-
ences in the absorption of electrolytes in spite of their
normal renal function. Therefore, careful follow-up

including blood gas analysis should be performed for
those patients as well as patients with low renal function
(creatine clearance <70 ml/min/1.73 m2) who can de-
velop persistent acidosis after urinary diversion. How-
ever, it is difficult from present study to predict
temporary acidosis preoperatively.
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