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Bladder rehabilitation with dorsal rhizotomy and ventral neuroprosthesis 

L S Baskin MD, R A Schmidt MD* 

Department of Urology, University of California School of Medicine, San Francisco, 
California, CA 94143-0738, USA. 

Two patients with severe neuropathic bladders were successfully treated with 
selective dorsal rhizotomy in conjunction with a ventral root neuroprosthesis. 
Both patients achieved stabilization of their renal function, continence, resolu
tion of vesicoureteral reflux, and relief from indwelling urethral catheters. This 
alternative form of management avoids the complications of other operative 
approaches. 
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Introduction 

Patients with neuropathic bladders are at 
risk for urinary tract infections, vesico
ureteral reflux, pyelonephritis, renal dam
age and urinary calculi. The goal of any 
treatment program is to prevent these 
complications while preserving urinary con
tinence. This can be accomplished by main
taining a low pressure bladder with ade 
quate storage capacity. Initially, pharmaco 
logical treatment is indicated,l and anticho 
linergic medication has been quite effective 
in both neonates and adults. 2 Clean 
intermittent catheterization can reliably and 
safely empty the bladder. 3 

Some patients, however, will not respond 
to conservative treatment and are managed 
with chronic indwelling urethral catheters, 
incurring the risk of serious complications 
such as recurrent cystitis, pyelonephritis, 
urinary calculi, fistulas, renal deterioration 
and necrotizing soft tissue infections. 4 

Another option is operative intervention, 
which includes conduit urinary diversions, 
continent urinary reservoirs, bladder aug
mentations and/or sphincteric ablation. 

In this paper, we report an alternative 
form of bladder rehabilitation, in 2 patients 
(one man and one woman) with severe 
neuropathic bladders. Conservative treat
ment failed and they were suffering from the 
complications of continuous urethral 
catheter drainage. These 2 patients were 
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chosen from a larger group of patients 
presently treated at the University of Cali
fornia, San Francisco, for neuropathic void
ing dysfunction. The patients were selected, 
as an interim study, to illustrate both suc
cessful short term treatment as well as long 
term follow up (the short term follow up of 
case 2 in this study was previously reported 
(case 5 in reference 13». 

In both patients, selective sacral root 
dorsal rhizotomy produced a flaccid, low 
pressure, large capacity bladder. In addi
tion, bladder emptying was achieved 
through implantation of a neuroprosthesis. 
An electrode was attached to ventral sacral 
nerve roots, thereby allowing transcutan
eous neurostimulation of the bladder, initi
ating a contraction with subsequent con
trolled voiding. 

Case 1 

A 35 year old man suffered a traumatic 
injury to his spinal cord at the T4 level, 
resulting in complete motor paralysis and a 
mixed sensory defect. The patient at
tempted to manage his bladder by manual 
percussion of the lower abdomen thereby 
triggering voiding. Four years after the 
injury he developed renal failure with a 
creatinine level of 9.0 mg/dl, and sepsis. He 
was treated with an indwelling urethral 
catheter (16 French) and intravenous anti
biotics. His sepsis cleared and the creatinine 
fell to 3.8 mg/dl. Urodynamic and radio
graphic evaluation revealed a small, non-
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compliant bladder with severe bilateral ve
sico-ureteral reflux (Fig 1). Attempts at 
management with intermittent catheteriza
tion and anticholinergic medication failed 
secondary to an abrupt increase in serum 
creatinine when the urethral catheter was 
removed. Distal sphincterotomy or 
pudendal neuroectomy were not perf?rmed. 
Chronic management (one year) with the 
indwelling urethral catheter (16 French) led 
to recurrent episodes of urosepsis. 

Operative intervention was considered, 
with a number of options possible (Table I). 
We chose an alternate form of bladder 
rehabilitation on this high risk patient with 
baseline renal failure. Bilateral selective 
dorsal rhizotomy (extradural) of sacral roots 
S2, S3, and S4 was performed. Concur
rently, neuroprosthetic electrodes were at
tached to the ventral roots of S3 and S4 for 
subsequent direct bladder stimulation and 
emptying. 

Figure 1 Case 1. Preoperative cystogram demon
strating a noncompliant bladder with severe 
bilateral vesicoureteral reflux. 

Table I Options for the operative management 
of the severe neuropathic bladder 

Augmentation cystoplasty 
Ileo-conduit urinary diversion 
Continent urinary reservoir 
Gastric augmentation/reservoir 

Postoperatively, the patient's bladder 
changed from a small capacity, high pres
sure reservoir to a large capacity (400 ml) 
low pressure reservoir with almost complete 
resolution of severe bilateral reflux (Fig 2). 
Urodynamic studies confirm a decrease in 
bladder preasure from> 40 cm H20 (100 cc 
volume) preoperatively to a maximum of 
15 cm H20 postoperatively. The patient 
voids (Fig 3) by initiating a bladder contrac
tion (Fig 4) via the neuroprosthesis, which is 
activated by a radio frequency inductive link 

Figure 2 Case 1. Postoperative cystogram demon
strating a large capacity bladder with almost 
complete resolution of severe bilateral reflux 
(grade I on right). Note neuroprosthesis and 
sacral root electrodes in place. 
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across the skin. The patient uses a continu
ous train of pulses determined by uro
dynamic testing 3-6 weeks postoperatively 
(typical parameters (which can vary with the 
impedance of the implanted electrode) are 
5 rnA, 15 Hz and a pulse width of 180 usec). 

Figure 3 Case 1. Voiding cystourethrogram ini
tiated via neuroprosthesis. 
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Figure 4 Case 1. Results of urodynamic studies 
showing 3 bladder contractions initiated (repre
sented by 'On') by the neuroprothesis. Note 
initial simultaneous increase in urethral pres
sure (sphincter), then relaxation. 

He typically voids 6 times per day and once 
in the middle of the night, the impetus being 
a feeling of lower abdominal fullness or 
adherence to a regimen of timed voiding. 
His post void residual urine values remain 
< 30 ml, his creatinine level has been stable 
at 3.4 mgjdl, and he remains free of infec
tion. The patient states that he has psycho
genic erections. Objective erectile function 
studies have not been obtained. 

Case 2 

A 24 year old woman developed transverse 
myelitis, subsequently resulting in a T8 
paraplegia. Rehabilitation of her urinary 
tract proved difficult secondary to a small 
hyperreflexic bladder. Persistent urinary in
continence despite anticholinergic medica
tion led to the use of a chronic indwelling 
urethral catheter. Despite continuous 
catheter drainage, the extreme bladder 
spasticity led to progressive hydro
ureteronephrosis and urinary leakage 
around the catheter. At age 28, operative 
management was considered (Table I). 

An alternative form of bladder rehabilita
tion was chosen. Selective dorsal rhizoto
mies (extradural) of right S2, S3 and S4 
were performed along with simultaneous 
implantation of neuroprosthetic electrodes 
on the ventral aspect of the right S3 root and 
the intact left S3 root. 

Postoperatively the patient's bladder has 
changed to a large capacity, low pressure 
reservoir. She has been dry without an 
indwelling urethral catheter, and her hydro
ureteronephrosis has resolved. Seven-year 
follow up reveals that the patient continues 
to void every 2.5 to 3 hours either by 
transcutaneous neurostimulation of a blad
der contraction or by intermittent self ca
theterization. 

Discussion 

The neurologically damaged urinary blad
der has the potential to determine the fate 
of the upper urinary tract. Without proper 
management, the majority of patients with 
spinal cord injuries will die from renal 
failure.5 Upper tract deterioration can be 
prevented by ensuring a low pressure, large 
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capacity bladder. This ideal situation will 
also prevent lower tract complications such 
as infection, incontinence, calculi and vesico
ureteral reflux. In some patients this can be 
achieved pharmacologically in conjunction 
with intermittent self catheterization; 6 in 
others, external sphincterotomy, although 
requiring a continuous external collection 
device, will provide a low pressure, infec
tion free urinary tract. 7 

Another approach has been surgical 
(Table I), either bladder augmentation with 
bowel, urinary diversion requiring an ex
ternal appliance, or the creation of a contin
ent urinary reservoir. The use of bowel in 
urological surgery has been well tested but is 
not without complications. Ileo-conduit 
urinary diversion, considered the gold 
standard, suffers from late complications 
such as ileal loop stenosis, ureteroileal 
strictures and upper tract deterioration. 8,9 
More recently, there have been reports of 
spontaneous perforations in augmentation 
cystoplasties.lO Additionally, the final word 
concerning the malignant potential of bowel 
when transposed into the urinary tract 
remains to be written. 11 

An alternative approach in the manage
ment of the severe neuropathic bladder is 
illustrated by these 2 patients. Selective 
sacral root dorsal rhizotomy in conjunction 
with implantation of a ventral sacral root 
neuroprosthesis produces a low pressure, 
large capacity bladder with controlled void
ing initiated by transcutaneous neurostimu
lation. 

Electrical stimulation has been success
fully applied in patients with spinal cord 
injuries and those with severe neuropathic 
voiding disorders.12-16 In conjunction with 
selective dorsal rhizotomy, it achieves a low 
pressure reservoir. 17-19 

Selective dorsal rhizotomy also reduces 
detrusor hyperreflexia, leading to an in
crease in bladder capacity. It also diminishes 
the spasticity of the pelvic floor and external 
sphincter, improving the response to ventral 
root electrical stimulation.12,18,19 Preopera
tively, the response to selective dorsal rhizo-
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to my can be assessed by temporary percu
taneous nerve blocks. Patients whose blad
der capacity greatly increases or whose 
uninhibited contractions subside are candi
dates for further therapy. 

Theoretically, selective dorsal rhizotomy 
puts male patients at risk for permanent 
postoperative neurogenic impotence.13 Un
fortunately, at the present time it is impos
sible to predict which patients will lose 
erectile function. Careful preoperative con
sent is clearly necessary. 

Bladder emptying in patients with dorsal 
rhizotomy can be accomplished by timed, 
intermittent self catheterization. A more 
physiological approach is to take advantage 
of the intact lower urinary tract that no 
longer has control from the central nervous 
system but can be influenced by direct 
electrical stimulation. Knowledge of the 
neurophysiology of micturition and careful 
anatomical studies of the sacral nerve roots, 
pelvic floor and bladder have allowed elec
trical stimulation to become more than a 
laboratory phenomenon. 20-22 Neuropros
theses for bladder rehabilitation, severe 
voiding dysfunction and pelvic pain have 
proven safe and effective.13,15.16 In both 
patients voiding is accomplished by transcu
taneous electrical stimulation of the ventral 
sacral nerve roots, precipitating a reproduc
ible bladder contraction with subsequent 
bladder emptying. 

These two cases illustrate an alternative 
approach to the severe neuropathic bladder 
that avoids the complications of other treat
ment options. In both patients, the severity 
of their bladder dysfunction was manifested 
by upper tract decompensation from vesico
ureteral reflux and recurrent infections. 
Selective dorsal rhizotomy stabilized the 
upper tracts in both patients, allowed con
trolled voiding, and eliminated the need for 
chronic indwelling catheterization. The 
successful use of dorsal rhizotomy and a 
ventral root neuroprosthesis will not only 
decrease morbidity in patients with a neuro
pathic bladder but dramatically improve 
lifestyle and self image. 
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