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Experimental Electrical Stimulation of the Bladder Using a New Device
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Summary. Repeated bladder contractions were evoked
during a six month period in three unanaesthetized female
minipigs by using unipolar carbon fiber electrodes embedded
in the bladder wall adjacent to the ureterovesical junction.
In contrast to bipolar and direct bladder muscle stimula-
tion unipolar electrodes at each ureterovesical junction
evoked bladder pressure increase similar to those produced
in previous investigations in dogs. Sacral nerve stimulation
of S, evoked bladder contraction at a minimal current.
Microscopic examination revealed no ceflular reactions to
the carbon fibers but a subcutaneous reaction to the recei-
vers was seen and was thought to be due to mechanical
irritation. The clinical implication of the findings is discus-
sed.
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Introduction

In patients with bladder emptying disabilities treatment
may be unsatisfactory. The value of oral bethanechol
bladder contraction stimulation is questionable [21], where-
as electrical bladder stimulation in selected patients has
proven effective [6, 8, 12]. Yet significant technical pro-
blems remain. One of these is breakage of electrode wires,
because of the considerable movement accompanying
bladder emptying and filling.

Carbon fibers have shown a high degree of tensile
strength, combined with flexibility, good electrical conduc-
tivity and should be suitable for medical purposes [11, 14,
17]. In addition carbon is inert, without causing electro-
lytic disturbances [7].

We tested these properties in a pig model and noted the
effect of direct electrical bladder stimulation.
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Material and Methods

Seven female minipigs (G@ttingen, Ellegaard) were operated under
general anaesthesia induced by Ketalar® (Ketamine) and maintain-
ed with 1—-2% Halothane with spontaneous respiration using a semi-
closed circuit. Through a suprapubic midline incision the peritoneal
cavity was opened, the bladder exposed and the carbon fibers fixed
to the bladder wall with Prolene (4-0) sutures. The bladder wall was
plicated over the elctrodes as described by Timm [19]. The receivers
wete burried in the subcutaneoustissue of the hypogastriumbilaterally.

In the three minipigs laminectomies were performed from L, to
S4 and nerve stimulation was effected via a bipolar electrode. Pen-
trexy1® (Ampicillin) was administered postoperatively for § days
in all animals.

Electrode Design. Continous filament carbon fibers (Grafil® XAS)
were spun and twisted into leads 40—50 ¢cm long and with a diameter
of 0.8 mm. The surface was made smooth by an autogen flame. The
leads were then embedded in silicone leaving the ends exposed. 8—
10 mm of the electrode end and 15 cm of the receiver end was free
of silicone. The receiver was shaped as a spiral and glued on a sili-
cone plate with a diameter of 2.16 cm and a2 maximal thickness of
2 mm.

Stimulation was delivered trancutaneously to the receiver by a
monophasic current with a pulse duration of 0.5—1 msand a frequen-
cy of 35 Hz {1]. Two methods were applied to test direct bladder
muscle stimulation.

1) Two circles of 4 electrodes with alternating polarity as described
by Susset [16].

2) Three electrodes, each with a length of 8—10 cm, embedded in
the bladder wall in a zig-zag manner allowing expansion of the
bladder, with the central electrode acting as the positive electrode.

Direct pelvic nerve stimulation was performed via two electrodes
one cm apart acting as a bipolar system embedded at each uretero-
vesical junction. These “trigger points” [15] were detected by needle
electrodes. A unipolar electrode embedded at each trigger point was
also tested, with or without a positive electrode between the trigger
points at the anterior part of the bladder, as illustrated in Fig. 1.

Cystometry was performed repeatedly without anaesthesia with
a balloon catheter introduced transurethrally. The abdominal pres-
sure was recorded with a thin catheter placed in the rectum. These
pressures together with the differences between the pressures were
printed on a multipen recorder. Catheters were removed after each
session and intermittent catheterisation was performed three times
daily as treatment of the bladder denervation.
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Fig. 1. Unipolar electrodes placed adjacent to the ureterovesical
junction and at the anterior part of the bladder. Posterior aspect
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Fig. 2a—c. Immediate bladder response to electrical stimulation.
a Intravesical pressure; b detrusor pressure; ¢ abdominal pressure

Pathological Examination. The bladder and the sourrounding tissues
of the leads were dissected and fixed in buffered formaline. Blocks
of tissue were taken from the sites of stimulation, from tissue sur-
rounding the insulated leads including lymphnodes and from the
bladder wall at the implantation sites. The tissue was embedded in
paraffin, cut and stained with hematoxylin and eosin, as well as
with the van Giesen technique.

50 a .
1.0I |
6s
———ny
20 b
ol
AOI C
30
I Stimulus J

Fig. 3a—c. Delayed bladder response to electrical stimulation. a
Intravesical pressure, b detrusor pressure; ¢ abdominal pressure

Results

In three “acute” experiments direct muscle stimulation
yielded a minimal bladder pressure response (ranging from
0—5 x 10%Pa) and often a nonuniform bladder contraction.
When the electrodes were embedded like a nerve throughout
a large area of the bladder, there was a mechanical impedi-
ment to bladder contraction. An intermediate bladder re-
sponse was evoked by bipolar electrodes at the trigger points
and maximal responses were evoked by unipolar electrodes
at the same points with pressure amplitudes ranging from
5-10 x 10%Pa, as shown in Table 1. Even using the latter
method the bladder contractility was variable and fast fati-
gueing.

In three “chronic” experiments the unipolar method was
used and bladder contraction with a pressure rise ranging
from 25—55 x 102Pa was evoked two weeks after implanta-
tion in the unanaesthetized animals, as shown in Table 1.
The response appeared to be either immediate (Fig. 2) or
delayed (Fig. 3). Simultaneous abdominal muscle contrac-
tion was observed, but this was not significant as revealed
from the substracted bladder pressure and direct abdominal
muscle stimulation. Micturition was provoked when the blad-
der volume was approximately 3/4 of its capacity. During a
six month period bladder stimulation was repeated at least
40 times. An increase of 10 mA in threshold for bladder
contraction was observed.

In two of the “chronic’ experiments where sacral neurec-
tomy of S, was performed electrical bladder stimulation was
performed electrical bladder stimulation was continued for
continued for 5 days and gave rise to bladder contraction in
one animal. The third neurectomized animal was sacrified
because of bladder wall inflammation and hypertrophy.

Table 1. Bladder pressure increase provoked by electrical stimulation of the pelvic and S, nerves in three minipigs

Anaesthetized animals

Unanaesthetized animals S, stimulation

5-10 x 102Pa
22-24 mA

Baldder pressure increase
Threshold stimulation

5-15 x 10°%Pa
12-1.8 mA

25-55 x 10%Pa
28-30 mA
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Fig. 4. Carbon fiber electrode surrounded by a connective tissue reaction adjacent to nerve bundles

Electrical stimulation of S, in the anaesthetized animals
elicited bladder contraction even at a current from 1.5 to
1.8 mA, as shown in Table 1. Stimulation of S; and S eli-
cited bladder contraction only when S, was intact.

Complications. During this 6 months period two receivers
eroded through the skin. One was caused by incorrect posi-
tion, which was too superficial. In the second case, patholo-
gical examination showed acute and chronic inflammation
in the subcutaneous tissue, but no reactive changes in the
epidermis. An analogous pathological situation was found
around two other receivers after 40 stimulations. No reac-
tion was seen in the remaining skin preparations.

Gross pathological examination of the bladder and the
surrounding tissues after 40 stimulations showed unchanged
position of the electrodes and wires.

Microscopical examination revealed a connective tissue
reaction but no signs of inflammatory changes due to the
carbon fibers. However the prolene suture material gave
rise to a foreign body giant cell reaction. As seen from Fig.
4 nerve bundles were present next to the implantation site.
No carbon fragments were seen in the lymphatic tissue ad-
jacent to the bladder.

Discussion
The carbon fiber electrodes were well tolerated, unlike

metal electrodes [10]. Such biocompatibility has been des-
cribed previously when carbon fibers were used as pacemaker

electrodes [14]. Biocompatibility reduced the power re-
quirement compared to metal pacemaker electrodes. Simi-
larly we assume that power requirements are reduced when
carbon fibers are used for bladder stimulation. It may be
the case that the number of patients, who have had to stop
bladder stimulation because of intolerable stimulus induced
pain [13] might be reduced.

We found that the bladder pressure increase was highest
when stimulating the base of the bladder, between the
ureterovesical junctions, where the pelvic nerves enter the
detrusor. In the anaesthetized animals pressure increase
was low and variable, as stated before [2], especially when a
bipolar electrode was used. A bipolar electrode has been
recommended in order to reduce spread of current to the
external sphincter [6]. Only a minor degree of current spread
occurs by direct muscle spread [4], and since a more marked
bladder contraction was elicited by a unipolar electrode,
unipolar electrodes were chosen for the “chronic™ experi-
ments. Bladder contraction evoked by this method in the
unanaesthetized minipigs was comparable to previous find-
ings in dogs [10] and humans [5].

Erosion of the receivers through the skin has been describ-
ed earlier [8] and was also seen in this study although the
receiver used was smaller and more flexible than other re-
ceivers. In all previous investigations radiolinked electrical
transmission was used and this current causes no dermal
reaction. This is in contrast to low frequency electrical sti-
mulation used in this experiment which causes epidermal
reaction at high currents [18)]. However, no epidermal reac-
tion was seen in the present study; the erosion of the re-
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ceivers was probably due to mechanical irritiation. This
mechanical irritation might be enhanced by poor fixation
and difficulties in localizing the receivers. A new receiver
has been developed to reduce this complication.

Sacral nerve stimulation only required a small current
to elicite bladder contraction. Unfortunately a concommit-
tant high degree of sphincter contraction is present and the
net effective voiding pressure has been shown to be lower
by sacral stimulation [9]. A more selective sacral anterior
motor nerve stimulation has shown encouraging results,
but a parallel activation of the urethral sphincter during
the detrusor stimulation still occurred [3]. According to
Merrill [12], who reported on 150 patients with implanted
bladder stimulators, the primary indication for stimulator
implantation is in patients with vesical hypotonia of un-
known etiology and in patients with lower motor neurone
lesions secondary to spinal cord injury or multiple sclerosis.
Bladder stimulation in patients with myelomeningocele is
questionable benefit [20]. Clean intermittent self-catheter-
isation has been successful in many of the above mentioned
patients, but some are not compliant with the treatment. A
bladder stimulator device as described might therefore be a
future alternative.
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