
Original article

Sacral nerve stimulation for faecal incontinence alters
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Background: Sacral nerve stimulation reduces the frequency of defaecation in patients with faecal
incontinence. The aim of this study was to examine the mechanism behind the reduced number of bowel
movements in incontinent patients treated with sacral nerve stimulation.
Methods: The study included 20 patients with faecal incontinence and a positive percutaneous nerve
evaluation test: 19 women and one man, with a median age of 63 (range 28–78) years. Colorectal
scintigraphy was performed to assess colorectal emptying at defaecation before and after implantation.
Segmental colorectal transit times were determined using radio-opaque markers.
Results: The median frequency of defaecation per 3 weeks decreased from 56 (range 19–136) to 26
(range 12–78) (P < 0·002). At defaecation, antegrade transport from the ascending colon decreased from
a median score of 8 (range 0–23) to 0 (range 0–11) per cent (P = 0·001), while retrograde transport
from the descending colon increased from a median score of 0 (range 0–14) to 2 (range 0–30) per
cent (P = 0·039). The median defaecation score was unchanged. There was a non-significant increase
in median total gastrointestinal transit time from 2·5 (range 0·9–6·2) to 3·3 (range 0·8–6·2) days
(P = 0·079).
Conclusion: Sacral nerve stimulation reduces antegrade transport from the ascending colon and increases
retrograde transport from the descending colon at defaecation. This may prolong colonic transit time
and increase the storage capacity of the colon.
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Introduction

Sacral nerve stimulation (SNS) is an established treat-
ment for faecal incontinence when conventional treat-
ments have failed1–5. In addition to the improved con-
tinence, a reduced frequency of defaecation is seen5–8.
However, the exact mode of action of SNS is unclear.
Originally the effect of SNS was thought to be on
the pelvic floor and anal sphincters, but reports on
this have been variable1–3,5,7,9–16. The most consistent
finding has been a moderate increase in anal squeeze
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pressure representing improved external anal sphincter
function1–3,7,9–14. The effect on the internal anal sphinc-
ter has not been clarified3,11,16. An effect on the rectum has
been proposed, but without agreement2,5,9,10,12–15. Fur-
thermore, 24-h manometry has shown an inhibition of the
spontaneous rectal motility complexes after meals and on
awakening17. Another suggestion has been that SNS causes
neuromodulation at a spinal or supraspinal level2,5,18.

The aim of the present study was to examine
the mechanism behind the reduced number of bowel
movements in incontinent patients successfully treated
with SNS, by evaluating colorectal emptying and antegrade
and retrograde transport during defaecation before and
after implantation.
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Methods

This study included 20 consecutive patients with faecal
incontinence who had had a positive percutaneous nerve
evaluation test and were awaiting implantation of a
permanent electrode and neurostimulator (19 women and
one man, median age 63 (range 28–78) years). The
aetiology of faecal incontinence was idiopathic faecal
incontinence (ten patients), obstetric sphincter lesion (five),
anorectal surgery (two), diabetic neuropathy (one), fracture
of the lumbar columna with an incomplete lesion of the
conus medullaris (one) and irritable bowel syndrome (one).
Four of the five patients with a sphincter lesion had had
an unsuccessful sphincter repair; the fifth patient, who
was 65 years old, did not have a sphincter repair. The
patient with irritable bowel syndrome also had severe
faecal incontinence.

For stimulation, the lowest amplitude was used with
which to achieve optimal clinical results.

The study was approved by the local ethical committee
of Aarhus, Denmark. All subjects gave informed consent
before participating in the study.

Bowel-habit diaries and Wexner incontinence
scores

Patients kept a 3-week bowel-habit diary describing
frequency of defaecation, episodes with urge, episodes
with incontinence for solid and liquid stools, and days with
soiling before and during SNS. The Wexner incontinence
score19 was computed at the time of the scintigraphic
procedure before and after the implantation of the sacral
neurostimulator.

Scintigraphic procedure

All patients took 2 MBq 111In-labelled polystyrene particles
in a glass of water at 08·00 hours on 2 consecutive days
(days 0 and 1). On day 2, they arrived at the Department of
Clinical Physiology and Nuclear Medicine after fasting for
8 h, and abdominal scintigraphy was performed. If possible,
they arrived without having defaecated that morning. They
consumed a standard breakfast (a bun with butter and a
150-ml glass of orange juice) and, when they felt the need
to defaecate, they used the regular toilet in the hospital.
If patients rated the defaecation as ‘normal’, another
abdominal scintigram was taken. If they were unable
to defaecate or reported that the defaecation was either
smaller or larger than normal, the procedure was repeated
on day 3 without taking more 111In-labelled polystyrene
particles.

The times of the first and second scintigram, breakfast
and defaecation were noted.

The scintigraphic procedure as well as the method for
data analysis has been described in detail previously20,21.
Scintigraphy was performed with the patient in the
supine position with a double-headed Picker γ camera
with a parallel-hole, medium-energy collimator. Anterior
and posterior images were obtained using 20 per cent
energy windows over 174- and 247-keV 111In photopeaks
respectively. The acquisition time was 10 min (five frames
of 2 min).

The scintigraphic procedure was performed before
and after implantation of the permanent electrode and
neurostimulator. The postimplantation scintigram was
performed after optimized treatment.

It has been shown that colorectal transport at defaecation
is closely correlated with the subjective assessment of
defaecation20. Accordingly, scintigraphic results were used
for further analysis only if the subject reported that
defaecation was normal at scintigraphy both before and
during SNS.

Data analysis

The colorectum was divided into four regions on the
scintigraphic images: the caecum and ascending colon
including the right flexure, the transverse colon, the
descending colon including the left flexure, and the
rectosigmoid20. The regions were delineated manually on
both anterior and posterior images. To correct for tissue
attenuation, the geometric mean was calculated for each
segment as the square root of the product of the anterior
and posterior counts22.

Defaecation score

The total number of counts lost during defaecation was
used for quantifying large bowel emptying in one value.
The total number of counts evacuated was measured
by subtracting the total number of counts within the
colorectum after defaecation from the total number of
counts before defaecation, and then subtracting the number
of counts in each of the four regions before defaecation
from the total number lost. Assuming ordered evacuation
of the large bowel, the contribution of each colonic
segment to the overall evacuation was expressed as a
percentage of the segmental counts before defaecation.
The contributions of each segment were added to reach a
total defaecation score in the range 0–400. For example, a
defaecation score of 160 per cent would have indicated that
the entire rectosigmoid and 60 per cent of the descending

Copyright  2008 British Journal of Surgery Society Ltd www.bjs.co.uk British Journal of Surgery 2008; 95: 779–784
Published by John Wiley & Sons Ltd

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/95/6/779/6142617 by guest on 09 April 2024



How sacral nerve stimulation works 781

colon had emptied, and a score of 250 per cent that the
entire rectosigmoid, descending colon and 50 per cent of
the transverse colon had emptied20,21,23.

Net antegrade and retrograde transport

Antegrade and retrograde transport was computed for each
of the four colorectal regions. Before and after defaecation,
the number of counts was determined in each region. None
of the patients had retrograde transport to the terminal
ileum, so the change in counts within the caecum and
ascending colon including the right flexure was computed
first. Antegrade transport had occurred if the number of
counts was lower after defaecation than before. If the counts
were higher after defaecation than before, retrograde
transport from the transverse colon had occurred. To
describe the antegrade and retrograde transport from the
transverse colon, the number of counts in the transverse
colon after defaecation was subtracted from the number
before defaecation and adjusted for counts received from
or given to the ascending colon. Net antegrade transport
to the descending colon had occurred if the number was
positive and retrograde transport to the ascending colon
if it was negative. Similar calculations were performed for
the descending colon and the rectosigmoid.

Radiological colonic transit time

The total gastrointestinal transit time and the segmental
colorectal transit times were determined using radio-
opaque markers, as described by Abrahamsson and
colleagues24.

Statistical analysis

Patients served as their own controls. To compare results
before and after implantation, the Wilcoxon matched pairs
signed ranks test was used. P < 0·050 was considered
significant.

Results

Thirteen of 20 patients (12 women, one man; median
age 66 (range 28–78) years) reported normal defaecation
at scintigraphy both before and after implantation.
Scintigraphic results from these 13 were used for further
analysis. Radiographically determined gastrointestinal and
colonic transit times were used from all 20 patients.

Table 1 Wexner incontinence scores and results from
bowel-habit diaries per 3 weeks

Before SNS During SNS P*

Wexner incontinence score
(n = 13)

16 (8–19) 3 (0–12) < 0·001

Frequency of defaecation
(n = 12)

56 (19–136) 26 (12–78) < 0·002

Episodes with urge (n = 12) 28 (0–117) 0 (0–36) 0·001
Episodes with incontinence

for liquid and solid stool
(n = 12)

36 (0–101) 1 (0–28) < 0·003

Days with soiling (n = 12) 18 (2–21) 3 (0–21) 0·021

Values are median (range). SNS, sacral nerve stimulation. *Wilcoxon
matched pairs signed ranks test.

Bowel-habit diaries and Wexner incontinence
scores

The median defaecation frequency per 3 weeks decreased
significantly from 56 (range 19–136) before SNS to 26
(range 12–78) during SNS (P < 0·002). The median
Wexner incontinence score, episodes with urge per
3 weeks, episodes with incontinence for solid and liquid
stool per 3 weeks, and days with soiling per 3 weeks all
decreased significantly after implantation of the sacral
nerve stimulator (Table 1).

Colorectal scintigraphy

The median time between scintigrams before and after
defaecation was 54 (range 24–108) min before SNS and 45
(range 26–81) min during SNS.

The median time between implantation of the per-
manent electrode and neurostimulator and the second
scintigram was 97 (range 42–758) days.

One of the patients had defaecated early in the morning
before both scintigrams.

Defaecation score

The median scintigraphically determined defaecation score
was 45 (range 15–104) per cent before and 36 (range
8–216) per cent during SNS (P = 0·305).

Net antegrade transport at defaecation

The median score for antegrade transport from the caecum
and ascending colon was 8 (range 0–23) per cent before and
0 (range 0–11) per cent during SNS (P < 0·001). There
were no significant differences in antegrade transport
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Table 2 Luminal antegrade colorectal transport scores before and
during sacral nerve stimulation in 13 subjects rating their
defaecation as normal on the day of the study

Scores before
SNS (%)

Scores during
SNS (%) P*

Ascending colon 8 (0–23) 0 (0–11) < 0·001
Transverse colon 5 (0–109) 0 (0–100) 0·831
Descending colon 10 (0–62) 19 (0–74) 0·414
Rectosigmoid 45 (15–104) 36 (8–216) 0·305

Values are median (range). SNS, sacral nerve stimulation. *Wilcoxon
matched pairs signed ranks test.

between the transverse colon, the descending colon and
the rectosigmoid (Table 2).

Net retrograde transport at defaecation

Retrograde transport at defaecation was observed in
five of 13 patients before and in ten during SNS
(P < 0·050). Before SNS, the retrograde transport was
from the transverse colon in one patient and from the
descending colon in four patients. During SNS, nine
patients had retrograde transport from the transverse
colon, seven from the descending colon and one from
the rectosigmoid. No retrograde transport was seen from
the caecum and ascending colon to the terminal ileum.
Retrograde transport from the descending colon increased
significantly, from a median score of 0 (range 0–14) per
cent to 2 (range 0–30) per cent (P = 0·039). Retrograde
transport from the transverse colon also increased, but not
significantly (Table 3).

Radiologically determined colonic transit time

Total gastrointestinal transit time increased, although not
significantly, during treatment with SNS from 2·5 (range
0·9–6·2) to 3·3 (range 0·8–6·2) days (P = 0·079). The
transit time for the ascending colon increased, but not

Table 3 Luminal retrograde colorectal transport scores before
and during sacral nerve stimulation in 13 subjects rating their
defaecation as normal on the day of the study

Scores before
SNS (%)

Scores during
SNS (%) P*

Ascending colon 0 (0–0) 0 (0–0)
Transverse colon 0 (0–15) 2 (0–13) 0·084
Descending colon 0 (0–14) 2 (0–30) < 0·039
Rectosigmoid 0 (0–0) 0 (0–7)

Values are median (range). SNS, sacral nerve stimulation. *Wilcoxon
matched pairs signed ranks test.

Table 4 Gastrointestinal transit time and segmental colonic
transit time determined by radio-opaque markers before and
during sacral nerve stimulation

Time before
SNS (days)

Time during
SNS (days) P

GITT (n = 19)* 2·5 (0·9–6·2) 3·3 (0·8–6·2) 0·079
Ascending colon (n = 17) 0·5 (0–2·1) 0·7 (0·1–2·0) 0·093
Transverse colon (n = 17) 0·4 (0–1·4) 0·3 (0–1·5) 0·517
Descending colon (n = 17) 0·5 (0·2–1·9) 1·1 (0–2·4) 0·065
Rectosigmoid (n = 18) 0·5 (0–2·1) 0·4 (0–1·7) 0·284

Values are median (range). *One of the 20 patients had the permanent
electrode and neurostimulator explanted before the second examination,
resulting in 19 patients with a total gastrointestinal transit time (GITT)
before and after sacral nerve stimulation (SNS).

significantly, from 0·5 (range 0–2·1) to 0·7 (range 0·1–2)
days (P = 0·093). For the descending colon, the transit
time increased non-significantly from 0·5 (range 0·2–1·9)
to 1·1 (range 0–2·4) days (P = 0·065). The transit times
for the transverse colon and the rectosigmoid were almost
unchanged (Table 4).

Discussion

This study found that the reduced frequency of defaecation
in patients with faecal incontinence successfully treated
with SNS was associated with altered colorectal transport
during defaecation. Specifically, it found a significant
decrease in antegrade transport from the ascending colon,
a significant increase in retrograde transport from the
descending colon and a trend towards increased retrograde
transport from the transverse colon. In contrast, the
defaecation score was unchanged.

These results strongly suggest that SNS reduces luminal
transport from the right to the left colon and increases
retrograde transport in the left colon at defaecation. This
probably causes retention of faecal material in the colon.
In accordance with the scintigraphic results, a strong trend
towards increased total gastrointestinal transit time and
transit time for the ascending and descending colon was
found.

Supporting the conclusion that changes in colorectal
motility contribute to its effect, SNS also benefits patients
with faecal incontinence due to anal sphincter lesions or
muscular dystrophy25.

It has been suggested that SNS causes neuromodulation
at a spinal level or even more centrally2,5,18. Sheldon
and colleagues18 have shown, via transcranial magnetic
stimulation, that SNS is associated with a reversible
reduction in corticoanal excitability. In their study,
SNS induced inhibitory changes in the motor cortex
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to the external anal sphincter (corticoanal pathway).
The present study supports this hypothesis, as SNS
leads to changes in the right colon, which receives
parasympathetic innervation from the vagal nuclei located
in the brainstem26. The effect of SNS is therefore not only
due to stimulation of somatic and visceral efferent fibres
but must also include neuromodulation at higher levels.

Several studies have examined the physiological changes
associated with SNS in faecally incontinent patients.
The most consistent finding is a moderate increase in
anal squeeze pressure, representing improved external
anal sphincter function1–3,7,9–14. However, the effect on
the internal anal sphincter and on rectal thresholds to
distension has been unclear3,5,11,12,14–16. SNS has an
effect not only on the pelvic floor but also on the entire
colorectum and anal canal, and it seems that SNS has minor
effects at several levels. The changes in the present study
were significant but small; nevertheless, the total effect of
SNS is considerable, with a reduction in the frequency of
defaecation and improved continence.

Clinically, the effect of SNS on faecal incontinence
is the opposite of the effect on constipation, as the
frequency of defaecation is decreased in incontinence
and, as described by Dinning and colleagues27, increased
in patients with slow-transit constipation. A simple
physiological explanation could be that SNS causes a better
emptying of the left colon and rectum in both faecally
incontinent and constipated patients. However, the present
study does not support this hypothesis, as the defaecation
score was unchanged after SNS. Instead, it suggests
that the effect of SNS on the colon must be different
for incontinent and constipated patients. For incontinent
patients, there is retention of faecal material in the right
colon during defaecation and a trend towards an increased
gastrointestinal transit time. For patients with slow-transit
constipation, the frequency of defaecation increases and
SNS induces pan-colonic propagating waves27. Therefore
it is important to evaluate the effects of SNS on colorectal
physiology separately for various patient groups.

The number of patients in the present study was rather
small, and the risk of a type 2 error should be considered.
The study would have been strengthened by determining
the weight and volume of stool at each defaecation in the
3 weeks before and after SNS, although this was impractical
here.

The validity of the scintigraphic method is good, but
the inter- and intraindividual variations are large20. In a
reproducibility study among healthy volunteers20, ante-
grade transport from the ascending colon at defaecation
was larger on day 2 than on day 1. This cannot explain
the results in the present study, where ascending colonic

transport was significantly smaller after than before SNS.
As the aim was to compare colorectal transport before and
after SNS, a control group of asymptomatic subjects was
not used.

This study has shown that the decrease in frequency
of defaecation in patients successfully treated with SNS
is associated with decreased antegrade transport from
the ascending colon, and increased luminal retrograde
transport from the descending colon and probably the
transverse colon. Furthermore, colonic transit times are
increased, probably reflecting an improved storage capacity
of the colon.
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