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Abstract
Objective-To observe the effects of stimulation

of the sacral anterior roots on anorectal and low
colonic pressures and to programme implanted
stimulators to produce defecation.
Design-Prospective study of 12 consecutive

patients.
Setting-Spinal injuries unit and university

gastrointestinal physiology department.
Patients-12 Patients with complete supraconal

spinal cord lesions. Their injuries had been sustained
at least two years before the study.
Interventions-A Brindley-Finetech intradural

sacral anterior root stimulator was implanted in
all patients. Three months postoperatively the
stimulator settings were adusted after measurement
ofsimultaneous anorectal and low colonic pressures.
Main outcome measures-Full defecation.
Results- Six patients achieved complete rectal

evacuation of faeces using the implant and subse-
quently did not require manual help for defecation.
For all but one of the patients the total time taken
to complete defecation was reduced, and all were
free from constipation, the most prevalent gastro-
intestinal symptom in patients with spinal injuries.

Conclusions- Sacral anterior root stimulators can
be programmed to achieve complete unassisted
defecation and can considerably improve the quality
of life of patients with spinal injuries.

Introduction
Spinal cord injuries often occur in fairly young

people, who have the prospect of an almost normal life
expectancy but a considerably impaired quality of life.
These patients not only experience severe dysfunction
ofvoluntary movement but also have impaired bladder,
bowel, and sexual function.

Urinary problems in patients with spinal cord injuries
have been extensively studied, and with the advent of
intermittent self catheterisation,l electrical stimulation

of the bladder,2 and advances in diagnostic techniques
considerable improvements have been made in
managing lower urinary tract and renal function. In
contrast, the management of bowel disorders and, in
particular, the intractable constipation that is so
common in these patients has remained essentially
unchanged over the past two decades.
The first sacral anterior root stimulator was im-

planted in a patient with a spinal injury in 1976.3 Since
then roughly 300 patients throughout Europe have had
such devices implanted, with much success in managing
the neurogenic bladder. The stimulator was initially
developed to improve bladder emptying,25 but as the
parasympathetic and somatic nerves that supply the
distal colon, anorectum, and anal sphincter are all
derived from the same sacral spinal roots that are
used for electromicturition it seemed likely that the
stimulator could also be used to induce defecation in
paraplegic patients. Little has been reported regarding
the action of the stimulator on colorectal motility,6 and
there are few reports of full evacuation with this
technique.78
We report clinical and manometric data on 12

consecutive patients with spinal injuries who had sacral
anterior root stimulators implanted.

Patients and methods
PATIENTS

We studied 12 consecutive patients (three women
and nine men aged 21-49 (mean age 33)). All had
received traumatic spinal injuries that had resulted in
complete supraconal cord lesions (10 thoracic, two
cervical). Sacral anterior root stimulators were not
implanted in patients until at least two years after their
injuries occurred to allow for any neurological recovery.
The time since implantation ranged from three months
to six years (mean time 26 3 months), and all patients
included in the study were using the stimulator
effectively to empty the bladder.

After surgery for implantation we assessed evidence
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of damage to the anterior nerve root. Ten patients had
normal function in all three pairs of roots, but the left
side of the S4 root in one patient and the S2 root
bilaterally in another failed to produce normal res-
ponses of the pelvic floor and leg muscles. All but three
patients had had deafferentation of the sacral posterior
nerve roots (S2 to S4) at the time of implantation
to produce detrusor areflexia and hence urinary
continence.

QUESTIONNAIRE

Immediately before implantation and then after the
stimulator had been programmed for defecation we
asked patients to complete a questionnaire detailing
every aspect of their bowel habit. Particular emphasis
was placed on the method they used to achieve a bowel
action, the frequency of defecation, and the time taken
to complete each evacuation by whatever method was
appropriate.

SACRAL ANTERIOR ROOT STIMULATORS

All the patients had had a Brindley-Finetech sacral
anterior root stimulator implanted as previously
described,8 although the method varied in the first
three patients as their posterior nerve roots were not
divided. The implants were positioned intradurally
and connected to a receiver unit placed subcutaneously
on the lower chest wall by multiconductor cables
coated with silicone.9 To apply stimulation the patient
held a transmitter immediately over the implanted
receiver and switched on a small hand held unit. The
receiver contained simple passive circuits that were
activated by pulse modulated radiofrequency waves
generated by the transmitter block.'°"' The pulse
frequency, amplitude, and width were all adjustable
and a single pair of roots or any combination of the
three pairs (S2, S3, or S4) could be stimulated.

SETTING PARAMETERS FOR STIMULATION

We studied all patients at least three months post-
operatively to allow maximum recovery ofany damaged
anterior nerve roots. We observed the response to
stimulation of the sacral roots by measuring anorectal
and low colonic pressures at approximately 0 5, 1, 2, 8,
15, and 18 cm from the anal verge.'2 No formal bowel
preparation was given, although the patients were
instructed to defecate in their normal way on the
morning of the study.
The principle behind using the stimulator to produce

micturition is that the smooth muscle of the detrusor
relaxes more slowly than the striated muscle of the
urethral sphincter after stimulation is stopped, and for
a short period of time, therefore, a gradient of pressure
exists and micturition can occur.2 If the stimulus is
turned on and off in a regular pattern, the gradient
occurs intermittently, and the patient micturates in
bursts. We used the same principle to 'obtain the
maximum possible rectal and low colonic pressures
during anal relaxation, thus producing an intermittent
gradient of pressure from the rectum to the anal canal,
allowing defecation to occur.
We determined the optimum stimulus parameters

with an in house computerised system, which exactly
reproduced the electrical output of the Brindley-
Finetech stimulator. This allowed us to vary the
stimulation parameters of each nerve root rapidly and
accurately and select individual roots or combinations
of roots.

For each patient we followed a standard protocol.
Each individual pair of nerve roots was stimulated in
turn (S2, S3, then S4), and the effect on the lower
colonic and anorectal pressure observed. Combinations
of the three nerve roots were then stimulated, using S3
and S4 first, followed by S2, S3, and S4 together. The
initial strength of stimulus was the same as that used

for electromicturition but with an intermittent pulse of
10 seconds on and 20 seconds off.8 The strength of
stimulation could be varied by changing the pulse
frequency (range 10-20 ms), the pulse amplitude
(range approximately 10-40V), or the pulse width
(range 100-600 is). The available range of on and off
periods of stimulation was one second to three minutes.
The stimulation strength and intermittency were varied
according to the lower colonic and anorectal responses.
Unfortunately, we could use only parameters equal to
or less than those used for bladder emptying to
minimise the possibility of generating abnormally high
detrusor pressures, which 'in the long term can
compromise upper urinary tract function. Intervals of
at least five minutes were allowed between each burst
of pulses to allow smooth muscle fatigue to recover.
Thus by a process of trial and error we selected for

each patient the most effective nerve root or roots and
the optimum strength and intermittency of stimulus to
achieve increased colonic activity with the maximum
rectoanal pressure gradient. We then tested these
parameters using a simulated stool made from porridge
paste (100 ml warm water, 30 g oats) which has a
similar consistency to normal faeces. The porridge
paste was injected into the rectum with a bladder
syringe and the effect of stimulation on evacuation
observed. The parameters could still be adjusted at this
stage to optimise defecation.
Once we were satisfied with the stimulator settings

the patient was discharged with instructions to use the
implant while sitting on the toilet and, if full defecation
did not occur within 10 minutes, to perform manual
evacuation of the remaining rectal contents. We
suggested that each patient see how the stimulator
affected his or her bowel habit and then adopt whatever
method of defecation was appropriate.

Results
MANOMETRIC DATA AND STIMULATION PARAMETERS

Stimulation of individual nerve roots produced a
wide range of manometric responses. In general,
however, stimulating the S2 root produced low pressure
colorectal activity whereas stimulating S3, and to a
lesser extent S4, produced colorectal contraction.
Stimulating S4 gave the maximum pressure response
in the anal canal, almost certainly because of its action
on the external anal sphincter.

Rectosigmoid contraction and associated anal
relaxation were best achieved by simultaneously
stimulating all three pairs of anterior roots in nine
patients (fig 1), by stimulating S3 alone in one patient,
and by stimulating S3 and S4 together in another
patient. In one patient stimulating S3 resulted in low
colonic activity in excess of 5 9kPa but no rectal
activity and stimulating S4 produced a good rectal
contraction with anal relaxation (fig 2). This patient
achieved full evacuation of faeces by stimulating S3
followed by S4 but not by stimulating either root alone.

Varying the strength of stimulation had a graded
effect on the rectal smooth muscle similar to that
seen with the detrusor4: rectal pressure increased
progressively as the stimulus was increased. The
strength of stimulus required to produce the optimum
manometric response varied considerably among the
patients within the range of pressures that were not
damaging to the detrusor. The maximum pulse ampli-
tude and frequency (40 V, 20 ms) were used by six
patients, and in all but one the optimum pulse width
was 200 [ts.

Continuous stimulation increased rectal pressure
but did not produce evacuation owing to fatigue of the
rectal smooth muscle and prolonged activity of the
striated muscle of the anal sphincter. Thus all patients
used intermittent stimulation. The "on" time varied
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from 4 5 to 15 s (mean 9 s) and was determined by the
rate of increase in rectal pressure during stimulation.
The rectal smooth muscle differed from the detrusor
muscle in that it was slower to respond to stimulation,
taking up to 4 5 s to begin to contract. After the
stimulus was stopped the rectum continued to contract
for a short period, during which time the pressure in
the anal canal fell. The duration of the "off' time
(6-30 s, mean 14-45) depended on when the rectal
pressure returned to or approached its basal value.
When setting the implant to produce optimum

emptying of the bladder it is necessary to wait about
three minutes between each burst of impulses to allow
full recovery of the smooth muscle of the detrusor.'
The rectal muscle also fatigued but took five minutes or
more to recover enough to produce an indentical
response with the same nerve roots and strengths of
stimulus.

PORRIDGE STOOL TEST

Nine patients evacuated the porridge paste stool
either partially (one patient) or completely (eight
patients); six of them were subsequently able to
defecate using the stimulator alone.
Some patients required further adjustments to the

stimulator after the initial porridge stool test, and two
more patients achieved evacuation of the simulated
stool after this. None of the patients who could not
evacuate the porridge stool were subsequently able to
defecate.

DEFECATION

Of the 12 patients tested,
evacuation of faeces using

Off Off
On+ On

I, I
kPa
80

80- i'1
KI

II~

five achieved complete
the stimulator alone,

Off Off
OnI OnI

root root

FIG 1-Tracings of anal canal, rectal, and low colonic pressures in
paraplegic patient (case 2), showing coordinated anal relaxation and
rectosigmoid contraction during the "off' periods of intermittent
simultaneous stimulation ofS2, S3, and S4 anterior roots. Measure-
ments were taken 18, 8, and I cm from anal verge

and one evacuated the rectum completely using the
stimulator and straining (table).

Before implantation the mean frequency of defeca-
tion was 5 5 times/week, with nine patients opening
their bowels every other day. After implantation 10

kPa

80-

Off Off Off
O O

I~~~~~~ ~ cm

30s

FIG 2-Tracings of anal canal, rectal, and low colonic pressures in

paraplegic patient (case 9), showing different responses to stimulation
ofS3 and S4 nerve roots. Measurements were taken 18, 8, and I cm
from anal verge

patients defecated daily (mean frequency 8-3 times/
week). In all patients except one the time taken to
defecate was shortened by using the stimulator. Even
taking into account the increased frequency, the mean
time spent defecating each week was significantly less
after implantation than before (28-9 min/week v 150-5
min/week; p<0005). Those patients not able to
defecate using the stimulator alone had to perform
manual evacuation: because deafferentation abolished
reflex defecation, preventing the use of suppositories,
laxatives, or anal digitation.

CONSTIPATION

Eleven of the 12 patients reported at least one

episode of constipation requiring prolonged use of oral
laxatives, bowel enemas, or hospital admission in the
two years before implantation. We had no reports of
constipation in any patient in this study after the
stimulator was implanted.

Method ofdefecation used by patients with spinal injuries before and after implantation ofsacral anterior root stimulator

Before implantation After implantation

Case No Method of defecation Time spent defecating Method of defecation Time spent defecating
each week (min) each week (min)

I Reflex and manual evacuation 30 Stimulator and straining 24
2 Reflex and manual evacuation 120 Stimulator 21
3 Manual evacuation 225 Stimulator and manual evacuation 50
4 Reflex and straining 370 Stimulator and manual evacuation 80
5 Manual evacuation 44 Stimulator and manual evacuation 21
6 Manual evacuation 50 Stimulator 40
7 Reflex and manual evacuation 71 Stimulator and manual evacuation 21
8. Reflex and manual evacuation 220 Stimulator and manual evacuation 14
9 Reflex 315 Stimulator 14
10 Reflex 100 Stimulator 14
11 Reflex 140 Stimulator 21
12 Reflex 122 Stimulator and manual evacuation 25
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COMPLICATIONS

The only postoperative complication in this series
was leakage of cerebrospinal fluid along the implanted
cables to the receiver site on the chest w-all. This
occurred in two patients, and both were managed
conservatively and successfull by rest, flat in bed, for
two weeks.

Discussion
Six of the 12 patients were able to use the sacral

anterior root stimulator to defecate without needing
self stimulation of the rectum or manual evacuation.
For all patients the time spent defecating each week fell
significntly and, perhaps more importantly, constipa-
tion, which is common after spinal injury, was
eradicated.

Patients with supraconal spinal cord lesions have an
intact conus medullaris and canda equina and hence
normal sacral spinal reflexes. Consequently, these
patients not only retain reflex erectile and detrusor
activitv but also can defecate reflexly by rectal stimula-
tion with suppositories or stimulant solutions. Deaf-
ferentation of the sacral roots is done during implanta-
tion ofthe stimulator to treat urinary incontinence, and
patients are no longer able to defecate reflexly and
therefore have to perform manual evacuation. The
sacral anterior root stimulator seems to deliver faeces to
the rectum and patients who cannot defecate using the
implant alone find manual evacuation more acceptable
because it is usually both quicker and more controllable
than the reflex method ofevacuation.
The porridge stool test predicted most ofthe patients

who would be able to defecate using the stimulator
with cQosen parameters and allowed finaladjustments
of the parameters to be made so that the chance of
future defecation was optimised. Unfortunately,
however, a positive test result was not a guarantee of
successful defecation: three patientswho evacuated the
artificial stool were later unable to repeat this with
normal faeces.
We found that setting the sacral anterior root

stimulator for effective defecation is not simply a
matter ofusing a standard set ofparameters as has been

suggested.' Recordings of lower colonic and anorectal
pressures showed that responses to stimulation of both
single and combinations of nerve roots vary. This
agrees with the results of Varma et at and emphasises
the importance of manometnc recording durng
stimulation to optimise the possibility of future
defecation.
We used an 18 cm manometry tube to measure

anorectal and colonic prssure at six sites. In the future
we plan to simplify this technique by using an 8 cm
tube with one anal and one rectal pressure channel. If
the results are acceptable it will be easy to modify our
existing cystometry equipment so that bladder and
bowel fimctions can be programmed at the same time.
The ability of the sacral anterior root stimulator to
produce defecation together with its effect on bladder
and erectile fimction can considerably improve the
quality of life for patients with spinal injuries.

The study was funded by the Medical Research Council.
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Survey of patients taking topical
medication at their first
presentation to eye casualy

Sally A Buckley

A large proportion ofpatients taking topical medication
at their first presentation to eye casualty at the Royal
Berkshire Hospital seemed to be suffering from
adverse reactions to their drops. To assess the size of
the problem I performed a prospective studv.

Patients, methods, and results
From 15 November 1988 to 15 February 1989, 2186

new patients attended the eye casualty department, of
whom 145 were already taking topical medication.
These patients were asked to complete a questionnaire
designed (on a yes/no basis) to elicit the oriinal
symptoms, the symptoms on presentation to the
casualty department, eye medication, and length of
treatment. When they had completed thequestionnaire
the casualty officer assessed the presenting complaint.
The table shows that toxic and allergic reactions to

eye drops comprised the largest group ofdiagnoses (40)

among the 145 patients taking drops at presentation.
Toxic reactions were characterised by persistent
or worsening follicular conjunctivitis and comeal
punctate epitheliopathy. Allergic reactions were
mainly due to type IV hypersensitivity reactions-that
is, contact dermatitis-characterised by prunitus with
red puffy lids and conjunctival papillary reaction.
A trial of 48 hours without treatment produced
considerable symptomatic improvement in both
groups.

Fifteen different drops were implicated, chloram-

Diagows eade in ewe casuakydepanet i pafien albeady taking
eve dop, showing mbens of patienn in eac group ad mbes
asingchlorauurpkenicolonpresenwtao

No No
of taking

Dinoosis patiets dkampenicol

Dr relwd toxc an alegc cojunctivitis 40 26
kitis 17 10
Corneal abrasios and fore bodies 14 9
Proved infec-tiv conjunctits I' 11 7
Beharitis aa and stes 10 5
Episclerits 10 7
Dendritic ulces 8 6
Corneal uklers and abscesses 7 5
Allerigic/atoc conjunctivintis 5 1
Li-reyes 5 3
Others 18 13

Total 145 92
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