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ABSTRACT 

Objectives: We investigated relation of preoperative renal scar to incidence of 

postoperative metabolic acidosis following ileocystoplasty in patients with neurogenic 

bladder. 

Patients: Thirty patients with neurogenic bladder, who underwent ileocystoplasty, 

were enrolled in the present study. Median age at ileocystoplasty was 13.9 years old 

and median follow-up period after ileocystoplasty was 8.2 years. Metabolic acidosis was 

defined based on the outlined criteria: base excess (BE) is less than 0 mmol/l. 

Preoperative examination revealed that no apparent renal insufficiency was identified in 

blood analysis, although preoperative 99mTc-DMSA scintigraphy indicated abnormalities 

such as renal scar in 14 patients (47%). Incidence of postoperative metabolic acidosis 

was compared between patients with and without preoperative renal scar, which may 

reflect some extent of renal tubular damage. 

Results: Postoperative metabolic acidosis was identified in 13 patients (43%). 

Incidence of postoperative metabolic acidosis was significantly higher in patient with 

renal scar (11/14, 79%) compared to patient without renal scar (2/16, 13%) (p<0.01). 

Particularly, all 8 patients who had bilaterally renal scars showed metabolic acidosis 

postoperatively. Compared to patients without preoperative renal scar, pH (p<0.05) and 

BE (p<0.01) were significantly lower postoperatively in patient with preoperative renal 

scar. However, there was no significant difference in PCO2. Hyperchloremia was 

observed in each one patient with or without preoperative renal scar. 

Conclusions: Incidence of postoperative metabolic acidosis was significantly 

implicated in preoperative renal scar. If renal abnormalities are preoperatively identified 

in imaging tests, we need to care patients carefully regarding metabolic acidosis and 
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subsequent comorbidities following ileocystoplasty. 
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INTRODUCTION 

In severe lower urinary tract dysfunction such as neurogenic bladder, clean 

intermittent catheterization and anticholinergic medication have been the initial 

treatment to protect the upper urinary tract and kidneys and to achieve socially 

acceptable urinary continence. Currently, in addition to anticholinergic mediation, 

botulinum toxin1, 2 and beta-3 agonists3 are available as a second-line pharmacotherapy 

to treat lower urinary tract dysfunction such as neurogenic bladder some cases. 

However, surgical interventions are also necessary in some cases as options to store 

an appropriate volume of urine with a low filling pressure, when these medical 

treatments fail. Surgical interventions include bladder augmentation using bowel tissue. 

Bladder augmentation has been a useful intervention to achieve these goals.  

 However, complications following the use of bowel tissue for bladder augmentation 

are well documented. These complications include metabolic acidosis, mucous 

production, bladder stone, bladder tumor, rupture of tissue for augmentation and so on 4. 

Of these complications, postoperatively major concerns following the use of intestinal 

tissue for bladder augmentation is possible metabolic acidosis, because it can cause 

subsequent comorbidities such as growth retardation in children and osteoporosis 5.  

In the present study, we investigated relation of preoperative renal scar to incidence 

of postoperative metabolic acidosis following ileocystoplasty in patients with neurogenic 

bladder. 
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PATIENTS and METHODS  

We retrospectively reviewed medical charts in patients with neurogenic bladder, who 

underwent prior ileocystoplasty for bladder augmentation, and total 30 patients, 

consisting of 15 males and 15 females, were enrolled in the present study. All patients 

had no history of other operations on the renal tract that can affect renal function. 

Urinary tract infections occurred in all patients at least once and the lower urinary tract 

was managed by intermittent catheterization preoperatively.  

Patient’s characteristics were shown in Table 1. Median age at ileocystoplasty was 

13.9 years old (3.1-47.2) and follow-up period after ileocystoplasty was 2.7-23.4 years 

(median: 8.2 years). Original diseases for lower urinary tract dysfunction were 

meningomyelocele in 24 patients (80%), anorectal malformations in 2 patients (7%), 

transverse myelitis in 1 patient and unknown in 3 patients (10%). Preoperative 

examination revealed that no apparent renal insufficiency was identified in blood 

analysis. Ureteral reflux was preoperatively identified in 26 ureters of 17 patients (57%), 

and it persisted in 4 ureters of 3 patients (10%) postoperatively. Preoperative 

99mTc-DMSA scintigraphy indicated that abnormalities such as renal scar, which reflect 

some extent of renal tubular damage and  lead to renal impairment 6, were identified in 

14 patients (47%), including 8 patients who had bilaterally renal scars. All renal scars 

were considered to be due to urinary tract infection. Postoperatively, all patients 

underwent routine laboratory evaluation of complete blood count, BUN, creatinine, 

electrolytes and venous blood gases including PH, base excess (BE), bicarbonate 

(HCO3
-), and PCO2.  

Metabolic acidosis was defined based on the outlined criteria: less than 0 mmol/l of 

BE. Incidence of postoperative metabolic acidosis was compared between patients with 
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and without preoperative renal scar, which may reflect some extent of renal tubular 

damage. Also, incidence of postoperative metabolic acidosis was investigated regarding 

other backgrounds, such as gender, age at surgery, follow-up period and length of 

bowel segment (Table 2). 

Statistical analysis was performed using chi-square test and unpaired Student’s 

t-test. P value less than 0.05 was considered significant. 
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RESULTS 

Postoperative metabolic acidosis was identified in 13 patients (43%), including 2 

patients who had renal insufficiency postoperatively. Postoperative metabolic acidosis 

was independent on gender, age at surgery, follow-up period, or length of bowel 

segment (Table). Incidence of postoperative metabolic acidosis was significantly higher 

in patient with renal scar: 11 (79%) of 14 patients, while only 2 patients (13%), who did 

not have renal scar, had metabolic acidosis postoperatively (Fig 1, p<0.01). Particularly, 

all 8 patients who had bilaterally renal scars showed postoperative metabolic acidosis. 

Compared to patients without preoperative renal scar, postoperative pH (Fig 2-(a), 

p<0.05) and BE (Fig 2-(b), p<0.01) were significantly lower in patients with preoperative 

renal scar. Postoperative HCO3
- was also significantly lower in patients with 

preoperative renal scar (24.9 +/- 3.3 mmol/L) compared to patients without preoperative 

renal scar (26.4 +/- 1.6 mmol/L) (p<0.05). However, there was no significant difference 

in PCO2. Hyperchloremia was observed in each one patient with or without preoperative 

renal scar. 
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DISCUSSION 

Medical charts in patients with neurogenic bladder, who underwent prior 

ileocystoplasty for bladder augmentation, were retrospectively reviewed regarding 

postoperative metabolic acidosis, and postoperative metabolic acidosis was identified in 

43%. Incidence of postoperative metabolic acidosis was significantly higher in patients 

with renal scar, particularly in patients with renal scars in the bilateral kidneys, which 

may reflect some extent of renal tubular damage. However, postoperative metabolic 

acidosis was not implicated in gender, age at surgery, follow-up period, or length of 

bowel segment. 

In ileocystoplasty on bladder augmentation, a hyperchloremic metabolic acidosis 

may occur, because ammonium (NH4
+) and chloride (Cl-) are reabsorbed in segment of 

the ileum exposed to urine 4, 7. The net absorption of NH4
+ for a proton (H+) is the major 

contributor to increased acid load and metabolic acidosis, and HCO3
- is secreted in 

exchange of Cl-. As a consequence, the presence of ileal segment for bladder 

augmentation implies a chronic acid load. Metabolic acidosis after bladder 

augmentation may induce subsequent comorbidities such as alternations in patterns of 

growth and bone density changes 8, 9. Alkalinizing therapy is often performed as an 

effective treatment in restoring acid-base balance, if metabolic acidosis is identified after 

bladder augmentation. 

In patients with adequate renal function, the kidneys are able to process the 

increased acid load and seldom do clinical consequences arise. In fact, longitudinal 

data from preoperative and postoperative assessments in patients with normal serum 

creatinine did not show metabolic acidosis, and other clinical factors beyond the surgery 

could be implicated in incidence of postoperative metabolic acidosis 10. Regarding renal 
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function after enterocystoplasty, urinary diversion could not deteriorate renal function, 

although chronic retention or infection caused by inadequate catheterization and poor 

compliance in urodynamics may deteriorate renal function 11, 12. Actually, 2 patients, who 

showed renal insufficiency and metabolic acidosis postoperatively in the present study, 

already had multiple renal scars and a border value of preoperative serum creatine in 

renal function preoperatively, which could be implicated in deterioration of renal function 

after bladder augmentation.  

Even patients without apparent renal insufficiency also showed metabolic acidosis 

postoperatively, and most of these patients had renal scar preoperatively, particularly in 

the bilateral kidneys, in the present study. Renal scar reflects some extent of renal 

tubular damage, and it is well known that the proximal and distal tubules in the kidneys 

actually serve maintaining acid-base homeostasis.  Even though metabolic acidosis is 

not identified preoperatively in patients who have normal renal function with renal scar, 

a chronic acid load after ileocystoplasty may induce to appear metabolic acidosis 

without deterioration of renal function. Thus, preoperative renal scar, particularly in the 

bilateral kidneys, is one of risk factors of postoperative metabolic acidosis after 

ileocystoplasty.  

Considering the complications of urine contact with the bowels, length of segment, 

retained time length of urine and concentration of solutes in urine are also important. In 

the previous studies, metabolic hyperchloremic acidosis predominates when longer 

segment is used for reservoir construction 13. Then, it is also reported that incidence of 

metabolic complications is greater in patients with continent reservoirs of the bowels 

compared to conduit 13, 14, which could be associated with length of segment and 

retained time length of urine. Further, the absorptive properties of the intestinal segment 
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of bladder augmentation possibly change with time when it contacts with urine. Previous 

studies revealed that histology of intestinal segment in contact with urine showed 

mucosal atrophy and decreased villose height 15, which indicated reduction of 

absorptive capacity 16. In the present study, there was no significant correlation between 

postoperative metabolic acidosis and follow-up period or length of bowel segment 

(Table 2). Actually, we could not find cut-off values of follow-up period or length of bowel 

segment as a risk factor of metabolic acidosis. This is one of limitations that the present 

study just includes a small number of patients. Then, we could not evaluate frequency 

and interval of catheterization for retained time length of urine, frequency of urinary tract 

infections or concentration of solutes in urine in the present study. Further studies are 

necessary to investigate mechanism of postoperative metabolic acidosis.  
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CONCLUSIONS 

 

Incidence of postoperative metabolic acidosis was significantly implicated in 

preoperative renal scar. Particularly, preoperative renal scars in the bilateral kidneys are 

one of risk factors of postoperative metabolic acidosis after ileocystoplasty. If renal 

abnormalities are preoperatively identified in imaging tests, we need to care patients 

carefully regarding metabolic acidosis and subsequent comorbidities following 

ileocystoplasty. 
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LEGENDS 

 

Fig. 1  Incidence of metabolic acidosis and renal scar 

Incidence of postoperative metabolic acidosis was significantly higher in patient with 

renal scar. 

 

Fig. 2 

(a) pH associated with renal scar 

Compared to patients without preoperative renal scar, pH was significantly lower in 

patients with renal scar. Mean +/- standard deviation 

(b) BE associated renal scar 

BE was significantly lower in patients who had preoperative renal scar. Mean +/- 

standard deviation 

 

Table 1 Patients characteristics 

Pts: patients 

 

Table  2 Incidence of metabolic acidosis and other factors 

Mean +/- standard deviation 
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